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‘SPEC LROSOT 


** Spectrosol™ Solvents in use in the Analytical Laboratories of Parke Davis & Co. 


Since the introduction by Hopkin & Williams Limited of “ Spectrosol”’ Solvents, 
specially purified for absorption spectroscopy, the range has been extended 
and now comprises the following items :-— 


“D> <—D 


Code No. Code No. 

2858.5 ..._... Carbon Tetrachloride 4118.5 ..._ .., Ethyl! alcohol 
373 . se Chloroform G45 4... n-Hexane 

3566.3 ... ... Cyclohexane 6346.5 ... .., iso-Octane 

4101 ... Ethyl Acetate ; |) Ee iso-Propy! alcohol 


“ Spectrosol"’ Solvents are supplied only by Hopkin & Williams Limited and 
a descriptive leaflet and price list will be sent free on request, 


LD 


HOPKIN & WILLIAMS Limited 


Fine Chemicals for Research and Analysis 


CHADWELL HEATH, ESSEX, ENGLAND 
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recorded simultaneously and continuously by the 
stanton thermo-balance 


5 pe waa, 


| Once set, the new Stanton thermo-balance will reprod 
: and record weight changes, time and temperature for 


periods up to several days. The many applications of 
this precision balance include the recording of ignitions 
or similar studies; determination of moisture, volatile 
and ash; preparation of oxidation curves; oxidation 
rates on metal powders; investigation of sublimation 
phenomena; evaporation rates of sol » ete, 

The Stanton thermo-balance is air-damped and suitable 
for a total load of 100 grammes; 

it may be supplied with a sensi- 

tivity of 1 mg. or 1/10th mg. 

The standard furnace (as illus- 

trated) is suitable for 1,000° C, 

but alternative furnaces for both 


be made. Furnace tempera- 
ture and change of weight are 
followed simultaneously on «a 7 
twin pen electronic recorder, 
(incorporating Fielden “ Servo- 
graph "’ patents). 


STANTON RECORDING BALANCE 


Similar to the thermo-balance, but without « furnace; the 
twin recorder is replaced with a single range instrument 
which records weight and time alone on 4 5 in. chart 


{ : low and high temperatures can 


Both balances incorporate an automatic timing device which operates the arrestment mechanism at known 
time intervals. Full details of these precision instruments are included in the Stanton catalogue-—sent 


free on request 


stanton precision balances 
STANTON INSTRUMENTS LTD. Dept. TCS/2., 119 Oxford Street, London, W.1. 
Telephone; GERrard 7593. 
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PROGRESS IN 


CHROMATOGRAPHY 3 


SUPPER SOLV/TION FLOWS DOWN SHEET 
ALONG WHOLE WIDTH 


Seeeene 


CONTINUOUS ELECTROPHORESIS 


In our previous advertisement we discussed 
the separation of large molecules and col- 
loidal particles by making use of the electric 
charge which most of these carry. We 
showed how the technique of electrophoresis 
can be combined with the sensitivity, speed 
and stability of chromatographic methods. 
Above, we show an arrangement whereby 
separation is continuous, the fractions being 
collected in separate vessels. The sheet of 
specially cut filter paper (pattern CE/1) hangs 
vertically, and is saturated by the conducting 
buffer solution. The direction of migration of 
any component is determined by the rates at 
which it travels in the descending buffer and 
in the electric field between the electrodes. 
The components therefore diverge and are 
collected in vessels placed at appropriate 


p* yinits. 


) TROUGH CONTAINING 


BUFFER SOLUTION 


SEPARATION OF AMINO ACIDS 


An interesting application of continuous 
electrophoresis is the separation of amino 
acids, either into groups (acidic, neutral and 
basic) or into individual amino acids, de- 
pending on the pH of the acetic acid used 
as buffer. 

Having a high charge, the particles migrate 
rapidly towards one or other of the elect- 
rodes and this must be balanced by selecting 
a paper with a correspondingly high rate of 
downward flow. 

The basic group migrates as a whole to- 
wards the cathode ; the neutral group also 
moves towards the cathode, but very slightly ; 
the acid group migrates towards the anode, 
and also separates into individual amino acids. 
Further separation of neutral and basic 
groups is achieved by changing the pH of 
the acetic acid buffer. 


Now that you have read this report it may occur to you that Chromato- 
graphy can help you in your research or production programme. If so, 
our long experience in this specialised field is at your full disposal. 
Discuss the possibilities of Chromatography with 


H. REEVE 


ANGEL & 


co. LTD. 


9 BRIDEWELL PLACE, LONDON, EC4 
Sole Distributors of 


WHATMAN FILTER PAPERS 


(Manufacturers W. & R. Balston Ltd.) 
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AHF is the most important agent for the 
production of organic fluorine compounds either 

by replacement of chlorine atoms or by addition to 
unsaturated substances. Another important use 

is as a catalyst in the production of high-octane 
fuels by alkylation. Other alkylation and acylation 
reactions are also catalysed by AHF. It is the 


raw material for producing fluorine and has been 


used as a solvent medium for certain reactions. 


PHYSICAL PROPERTIES 
Boiling Point (760 mm.) . 19.9°C 
Freezing Point . ° . ~ 83°C 
Specific Gravity (Liquid 0°C) 1.01 
Specific Heat (Liquid 0°C). 0.85 
The vapour is polymerised to a degree 
which varies rapidly with temperature 
and pressure producing a corresponding 
variation in the heat of vaporisation. 
SPECIFICATION 
The normal grade of AHF contains at 
least 99%, HF, and impurities to the 
following limits :— 


0.5%, max. 

sO, , . - 0.25% max. 

Si (eale, as SiF,) 6.25%, max. 

H,so0, _ . ' - 001% max. 

HS . may be present in traces. 

Higher grades up to 99.9% HF can be 
supplied according to need, 


CONTAINERS 


AHF is transported in steel tank wagons 
holding from six to eight tons, and in 
steel cylinders of 6 tb., 50 Ib. and 236 tb. 
capacity. 


Advice on materials of construction, handling and first-aid measures may be obtained from : 


[Jreveniar (ueitine 


U EP PIBER OF Teed COMSOUIDATIO 2iNC CORPORATION LIMTTES 


IMPERIAL SMELTING CORPORATION (SALES) LTD - 37 DOVER STREET - LONDON WI 
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Judactan 


analytical reagents 


with actual 


batch analysis 


POTASSIUM CARBONATE A.R. 


K,CO, Mol. We, 13820 


ACTUAL BATCH ANALYSIS 


(Not merely maximum impurity values) 


Batch No. 54602 
Ammonia (NH,) 


te and Silicate (PO,) 
te (SO,) 


Chemists all over the world are grateful for our care, Our 
policy of having independent analyses made gives chemists 
added confidence in their work. 

Why not compare the actual batch analysis shown with the 
purities guaranteed by the specifications to which you 
normally work? You will find the comparison of interest 


and almost certainly of help to you. 


The General Chemica! & Pharmaceutical Co. Lid., Chemical Manufacturers, Judex Works, Sudbury, Midda 
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378. Solutions in Sulphuric Acid. Part X1IX.* The Formation of 
T'etra(hydrogen sulphato)boric Acid and its Anion in Solutions of Boric 
Acid and Boric Oxide. 


By R. Fiowers, R. J. Gittespiz, and J. V. Ouspripcr. 


It is shown by means of cryoscopic and conductivity measurements on 
boric oxide and boric acid solutions in sulphuric acid that the boron tetra- 
(hydrogen sulphate) ion B(HSO,),~ is formed according to the equations 


B,O, + 9H,SO, = 2B(HSO,),~ + 3H,O* + HSO,- 
H,BO, + 6H,SO, = B(HSO,),- + 3H,O* + 2HSO,~ 


The 1050-cm.* line of the hydrogen sulphate ion has been found in the 
Raman spectrum of solutions of boric acid in sulphuric acid. By dissolving 
boric acid or boric oxide in oleum, solutions can be obtained of tetra(hydrogen 
sulphato)boric acid, H{B(HSO,),), which is a strong acid, so far the only 
known strong acid of the sulphuric acid solvent system: H[{B(HSO,),] +- 
H,SO, = H,SO,* + B(HSO,),-. This acid can be titrated cryometrically 
and conductometrically with a strong base such as potassium hydrogen 
sulphate ; 
H(B(HSO,),] + KHSO, = K{B(HSO,),] 4+ H,SO, 
acid base salt solvent 


This is a typical acid-base neutralisation reaction in the sulphuric acid 
solvent system, 


Various compounds have been reported as the products of reactions of boric acid and boric 
oxide with sulphuric acid, oleum, or sulphur trioxide. Thus Merz? stated that a substance 
having a composition corresponding to 5B,0,,2SO,,2H,O could be obtained by heating 
boric acid with concentrated sulphuric acid and volatilising the excess of sulphuric acid at 
260°. By dissolving boric oxide in oleum, Schultz and Sellac* claimed to have obtained 
crystals of the composition B,O3,350,,H,O, and from the reaction between boric acid and 
sulphur trioxide d’Arcy * obtained a white solid of composition H,BO,,35O, or B(HSO,),. 
By heating boric oxide and sulphur trioxide in a sealed tube at 115° Pictet and Karl* 
obtained a compound B,O,,SOz, and at 250° a compound B,O,,2SO,, Hantzsch ® measured 
the freezing-point depression produced by boric oxide in sulphuric acid and obtained 
van't Hoff i factors of approximately 6-8 which he interpreted as being due to the reaction 


B,0, + 9H,SO, = 2B(HSO,), + 3H,0° + 3HS0,- 


We have investigated the reaction that oceurs when boric acid or boric oxide is dissolved 
in a large excess of 100°, sulphuric acid or dilute oleum by measuring the freezing points 
and electrical conductivities of the solutions thus formed 


EXPERIMENTAL 


Apparatus. —The apparatus and general procedure for making the cryoscopic measurements 
were described in Part 1.6 Freezing points were measured either with a platinum-resistance 
thermometer and a Smith's difference bridge as described in Part I, or with a solid-stem mercury 
in-glass thermometer which was periodically calibrated against the platinum-resistance 


thermometer.’ 


* Part XVIII, /., 1956, 80. 
* Merz, J. prakt. Chem., 1866, 99, 179. 
* Schatz and Sellac, Ber., 1871, 4, 15. 
# d’Arey, J., 1889, 55, 159. 
* Pictet and Karl, Bull. Soc. chim. France, 1908, 3, 114 
* Hantzsch, Z. phys. Chem., 1908, 61, 257. 
* Gillespie, Hughes, and Ingold, J., 1950, 2475 
? Gillespie and Leisten, J., 1954, 1. 
3T 
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The apparatus used for making the conductivity measurements was an improved form of 
that used by Gillespie and Wasif* and will be fully described in a later paper.® 

Materials, —Sulphuric acid and oleum were prepared as described by Gillespie and Oubridge.” 
“ AnalaR "’ boric acid was dried for several days in a desiccator over phosphoric oxide. 

Boric oxide was prepared by controlled dehydration of “‘ AnalaR "’ boric acid under vacuum. 
The boric acid was heated in a Pyrex tube which was gradually raised to 280° during several 
hours and kept at this temperature for 24 hr. under vacuum with continual pumping.“ The 
boric oxide was manipulated in a dry-box and stored in a desiccator over phosphoric oxide. 
It was estimated by titration against standard sodium hydroxide solution in the presence of 
excess of mannitol. The sample used was 98-5% B,O,, the impurity presumably being water. 

Calculation of Results,—The freezing-point depression 6 is related to the molality of the 
solute m, by the equation 


O/m, == G12vee(1 — 0-001950)[1 + (25, —v,)m,/2m). . . . . (I) 


which is equation (2) of Part XVII” where y, is the number of moles of ions and molecules 
formed from one mole of the solute, and the other symbols have the meanings given in Part 
XVII. The value of g for solutions of univalent electrolytes generally lies between 0-95 and 
1-05 in the range of composition with which we are concerned, Thus, to determine y, approx- 
imately in order to distinguish between different modes of ionisation, we may reasonably 
set 2 1 and write equation (1) in the form 
O/m, = 6-12v'(1 — 0-001956)[1 + (2s, —v’)m,/2m,) . . . « (2) 

where we have replaced y, by v’ to indicate that it is an approximate value only (v’ = v,g). 

Che freezing-point depressions 6 were calculated from the hypothetical freezing point 
(1, = 10-580°) of completely undissociated sulphuric acid, and the observed freezing points 
were corrected to allow for the incomplete repression of the self-ionisation equilibria by means 
of the equilibrium constants” K,, = 1-56 x 10% and Ky = 2-8 x 10%. The values of 7,” 
and Ky, are revised values differing slightly from those quoted in Part XVII, They will be 
more fully discussed in a later paper, : 

A supercooling correction of 8T = 0-0125s6’, where s is the amount of supercooling and 6’ 
is the freezing-point depression calculated from 10-366°, was applied to all the observed freezing 


points,* 


RESULTS AND Discussion 
Cryoscopie Measurements on Boric Acid and Boric Oxide in 100%, Sulphuric Acid.— 
lable 1 shows that both boric acid and boric oxide give values of v’ of approximately 6 
in 100°, sulphuric acid, From a consideration of the earlier work of d’Arcy * and Hantzsch ® 
the most probable reaction would appear to be the formation of boron tri(hydrogen sulphate): 


H,BO, + 3H,SO, = B(HSO,), + 3H,O 
which, since the water formed is ionised in sulphuric acid, may be written 


H,BO, | 6H,SO, = B(HSO,), + 3H,O' 4 3HSO, 


and for boric oxide 


B,O, + 9H,SO, = 2B(HSO,), 4+ 3H,O' + 3HSO, 


These reactions correspond to y’ values of 7 and 8 respectively, which is not in agreement 
with the experimental observations. The discrepancy is, however, removed in both 
cases if it is assumed that boron tri(hydrogen sulphate) reacts further with a hydrogen 
sulphate ion to form the boron tetra(hydrogen sulphate) ion 


B(HSO,), + HSO,- = B(HSO), . . . . . . @) 


* Gillespie and Wasif, /., 1953, 204 

* Gillespie and Solomons, to be published, 
'* Callespie and Oubridge, /., 1956, 80. 

'! Inorg, Synth., 1946, 2, 22. 
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TaBLe 1. Freezing points of solutions of boric acid and boric oxide in sulphuric acid. 
F. p., F. p., F. p., F. p., 


, 


obe. corr. 0 v Ms obs corr, 
Boric acid. 
Expt. 139 
10-365" = =10-580° —- O-O3112 
0-00560 10-257 10-374 6-01 003704 
001426 9-993 10-057 O98 005059 
0-02056 9-783 9-831 5-93 0-06859 
0-02465 9-642 0-682 5-93 
Expt. 111. 
10-363 10-580 - 0-04391 8-971 8005 
0-00948 10-129 10-217 6-10 0-05541 8-576 8506 1-085 
0-02241 0-710 9-755 2 5-98 0-06958 8-098 S113 
0-03213 0-374 9-405 5-93 
Expt. 108 
- 10-580 _ 0-06331 
0-03909 oe 9-183 , O-O7193 
004991 “7B 8:806 . 
Boric oxide 
Expt. 119 
10-361 10-580 04574 8-832 8-873 5-99 
002131 9-695 9-770 0-810 6-13 0-05704 8-438 8472 2-108 5-91 
0-05601 0-189 9-240 1:340 6-00 006669 S121 S149 2-431 O81 


which is analogous to BF, and the borate ion’ B(OH),~. The complete equations 
then become 


H,BO, + 6H,SO, = B(HSO,),- + 3H,O' +2HSO, . . . (6) 
B,O, + 9H,SO, = 2B(HSO,),- + 3H,O*+HSO- . . . ©) 


from which it may be seen that both boric acid and boric oxide should have yv’ values of 
approximately 6, as observed. The fact that the v’ decreases with increasing concen- 
tration to somewhat below 6 is consistent with the formation of water as one product 
of these reactions, since water has a v’ value of somewhat less than 2 which decreases with 
increasing concentration.* The ecryoscopic results are therefore consistent with these 
ionisations for boric acid and boric oxide, but they do not necessarily prove that they are 
correct. It is, however, difficult to think-of reasonable alternative modes of ionisation 
that also give v’ values of 6. One possible alternative can be formulated by analogy with 
the ionisation of nitric acid, HNO, + 2H,SO, = NO,* + H,O* + 2HSO,~, namely 


H,BO, + 3H,SO, = BO* + 2H,O*+3HSO . . . . (2) 
B,O, + 3H,SO, = 2B0* + H,O'+3HSO,. . . . . (8) 


Conductivity Measurements on Boric Acid and Boric Oxide in 100% Sulphuric Acid.— 
Fortunately we can readily distinguish between the type of ionisation represented by 
equations (5) and (6) and that represented by equations (7) and (8) by means of conductivity 
measurements. Because of the occurrence of chain conduction the mobilities of the 
hydrogen sulphate ion (HSO,~) and the hydrogen ion (H,SO,*) are very much greater than 
those of other ions;™ hence the conductivity of a solution of a basic electrolyte is 
determined almost entirely by the hydrogen sulphate ions, and that of an acidic electrolyte 
by the hydrogen ions (H,SO,*). Thus from the observed conductivities of an electrolyte 
the number of moles of hydrogen sulphate ion or hydrogen ion produced by one mole of the 
electrolyte may readily be determined. Equation (5) shows that boric acid should behave 


18 Edwards, Morrison, Ross, and Schultz, /. Amer. Chem. Soc., 1955, 77, 266, 
4 Gillespie, /., 1950, 2493. 
4 Gillespie and Wasif, /., 1953, 221. 
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as a di(hydrogen sulphate), and equation (6) that boric oxide should behave as a mono- 
(hydrogen sulphate), whereas if ionisation occurs as in equations (7) and (8) both boric 
acid and boric oxide should behave as tri(hydrogen sulphates). 


TanLe 2. Specific conductances of solutions of boric acid and boric oxide in sulphuric acid.* 
¢(m)* 1006 e(m)* 100K cl(my* 100K e(m)* 1000 c(m)* 00K c(m)* 00x 
Boric acid, 

Expt. 1. Expt. 2. 

00000 1043 O-O038L 1354 00812 1-979 00000 10648 06-0272 1-218 G-:0590 1-659 
00062 1050 OG 0504 1530 O1062 2311 00088 1049 OO4I8 1410 GOBIS 1904 
OO146 1091 08-0613 1601 01369 2-716 OO118 1-076 

00256 1195 00696 1809 01749 3148 


Boric oxide. 
Expt. 4. Expt. 12. 
60-0000 1043 08-0502 1-260 061043 1-542 00000 1048 00-0395 1-137 60-1509 1-776 
00382 1142 ©0-:08639 1412 ©1613 1-873 00081 1-045 06-0678 1-285 00-1795 1-925 
0-0168 1058 01052 1-510 
* Molarities given in this and the following tables have been calculated by assuming that the 
densities of the solutions are the same as that of the solvent, 


The results of the conductivity measurements are given in Table 2 and in Fig. 1. the 
observed specific conductances are compared with those of solutions of water.%* It may 


Fis. 1. mpeg a2 conductances of 
solutions of boric acid and boric 
oxide in sulphuric acid 


a 


0) 04 OS OC TMU nH 2D WIS 6 
Concentration () 


be seen that boric acid solutions have conductivities very similar to those of solutions of 
water of twice the concentration, and that boric oxide solutions have conductivities that 
are very similar to solutions of water of the same concentration as would be expected if 
they ionise according to equations (5) and (6). Molar conductances for boric oxide and 
boric acid are compared with those for some other electrolytes in Tables 3 and 4. Again, 


Tasie 3. Comparison of the molar conductances of boric acid and some 
di(hydrogen sulphates). 
c(m) HJBO, 2H,0 HNO, Ba(HSO,),  ¢(™) H,BO, 2,0 HNO, Ba(HSO,), 


0-05 S06 304 306 304 O15 191 200 197 179 
Old 224 231 220 v2i O20 169 isl 177 ho 


TABLE 4, A comparison of the molar conductances of boric oxide and some 
mono(hydrogen sulphates). 


e(m) BO, H,O KHSO, e(M) BO, H,O KHSO, c(™) BO, H,O KHSO, 
005 240 236 241 0-10 152 152 151 OS 124 128 127 


we see clearly that boric acid behaves as a di(lydrogen sulphate) and borie oxide as a 
mono(hydrogen sulphate). The conductivity rneasurements thus show unambiguously 


that ionisation does not occur according to equations (7) and (8), and they provide addi- 
tional strong support for ionisation according to equations (5) and (6). Indeed, we have 
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not been able to formulate any alternative modes of ionisation which satisfy all the 
conditions imposed by the results of the cryoscopic and conductivity measurements.* 
Further evidence in support of the ionisations represented by equations (5) and (6) has been 
obtained from cryoscopic and conductometric measurements in oleum solutions. 

Cryoscopic Measurements in Oleum Solutions.—The results of the eryoscopic measure- 
ments are given in Table 5. 


TaBLe 5, Freezing points of solutions of boric acid and boric oxide in oleum, 
Boric acid. 

Solute H,5S,0, Mole Solute Mole 

added (moles) remaining (moles) _ ratio * I. p. added (moles) ratio * 
Expt. 115. Initial wt. of oleum; 127-46 g. 
. 002486 -- 9-005" 0-01073 O-4318 
O-OO171 0-019738 0-0688 9-166 0-01229 0-4946 
000343 001456 0-1381 9-335 0-01376 0-6538 
0-00502 0-00978 60-2021 9-457 O-O1513 06086 
0-00684 0-00434 0-2751 9-604 0-01659 60-6676 
000865 ~~ 0-3480 9-671 


Expt, 116. Initial wt, of oleum; 12630 ¢ 
— 0-02916 - & 720 0-01066 03654 
0-00216 0-02315 0-0739 8-951 O-O1814 0-4507 
0-00435 0-01656 0-1492 9-162 0-01508 O-S171 
0-00626 0-O01085 02145 9-327 0-01668 06-6720 
0-00847 0-00419 0-2906 9-479 0-01813 0-6217 


Boric oxide 


Expt. 122. Initial wt. of oleum: 145-57 ¢ 
002682 -- 9-086 0-01022 0-3812 
0-00219 0-02025 0-0817 9103 O-OL3T4 5124 
0-00613 0-00843 02286 9-101 0-01839 06856 


* Moles of H,BO, (or B,O,) /initial moles of H,S,0,. 


Boric acid. The reactions that would be expected to occur when boric acid is dissolved 
in an oleum can be deduced from the reaction that occurs in sulphuric acid, which we will 
assume is reaction (5). Three different successive reactions are to be expected 

(1) Moles of H,BO,/initial moles of H,S,0, = 0-> }.—The initial reaction between 
boric acid and the disulphuric acid present in the oleum can be represented by the equation 


H,BO, + 3H,S,0, = H,SO,* +- B(HSO,)," + H,50, . . (®%) 


This equation implies that tetra(hydrogen sulphato)boric acid, HB(HSO,),, is sufficiently 
strong to donate its proton to a sulphuric acid molecule. If this is not so, equation (9) 
should be replaced by 


H,BO, + 3H,S,0, = HB(HSO,), + 2H,SO, . . . . (10) 


Equation (9) shows that in this first stage three moles of disulphuric acid are replaced by 


* It should be noted, however, that our measurements do not enable us to distinguish between 
B(HSO,),~ and any ion containing one boron atom that might be formed from this by addition or removal 
of sulphuric acid. Dr. P. A. H. Wyatt has recently drawn our attention to one such possibility, namely, 
B(HSO,),~ — 2H,S80,, .¢., B(SO.),~. We do not believe that this particular ion is formed in the solutions 
we have studied because (1) the equilibrium B(HSO,),~ = B(SO,),~ + 2H,80, would be expected to lie 
over to the left-hand aide in the presence of excess of sulphuric acid, (2) analogy with BF,~ and B(OH), 
strongly suggests that B(HSO,),~ should be formed in sulphuric acid, and (3) recently we have attempted 
to prepare salts of the type M{B(HSO,),| and have concluded that although reactions in which B(HSO,),~ 
ions lose sulphuric acid 40 occur in more concentrated solutions than those used in the present work, 
they are of the type 

nB(HSO,),~ = [B.(HSO,) sn om(SOy) nl" + mH,SO, 


and lead to the formation of polymeric anions containing more than one boron atom. The limiting case 
of such a reaction is when m «= 2n and the ion formed is a polymer of the ion suggested above, i.¢., 

B(SO,),)\."". Our freezing-point and conductivity measurements are not consistent with the formation 
of such polymeric ions in the dilute solutions we have investigated. Further work is in progress. 
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one mole of each of the ions B(HSO,),~ and H,SO,’. Now since disulphuric acid is fairly 


weak,'4 
H,5,0, + H,SO, = H,SO,*+HS,O, .... . (II) 


and one stoicheiometric mole of disulphuric acid gives rise to approximately 1-3 total moles 
of solute particles (H,5,0,, H,SO,*, and HS,0,~), it may be seen that, in this initial reaction, 
approximately 4 (1.¢.,3 * 1-3) moles of solute particles are replaced by 2 moles [B(HSO,),~ 
and H,50,°}. This reaction should therefore be accompanied by a rise in the freezing 
point of the solution, and, insofar as our approximation concerning the degree of ionisation 
of disulphuric acid is correct, the slope of the freezing point-concentration curve would 
correspond to the loss of two solute particles for each mole of boric acid added and hence 
to a value of v for boric acid of —200. At the mole ratio H,BO,/initial H,S,0,= }, 
equation (9) shows that the solution contains one mole of H,SO,* and one mole of 
(HSO,),~ for each stoicheiometric mole of boric acid. Hence one might expect that the 
total freezing-point depression at this point would correspond to a value of v for boric acid 
of 2:00. If equation (10) is correct then at this composition only one mole of solute particles 
is produced by each mole of boric acid and the total freezing-point depression corresponds 
toy 1-00. 

(11) Moles of H,BO,/initial moles of H,S,0, = 4}. In this stage the H,50,* ions 
produced in stage (1) are replaced by hydroxonium ions and the equation for the reaction 
may be obtained by imagining that the hydrogen sulphate ions produced by the reaction 
of boric acid with sulphuric acid (equation 5) react with the H,SO,* ions produced in 
stage (I) (equation 9), Thus we may write 


2H,SO,* + 2B(HSO,),” + H,BO, 4+- 2H,SO, = 3H,O* + 3B(HSO,),- . (12) 


and by combining equations (9) and (12) the overall reaction when the mole ratio is 
H, BO, /initial H,S,0, = 4 becomes 


H,BO, + 2H,S,0, = H,O* + B(HSO),- . . . . (13) 


Equation (12) shows that in this second stage 4 moles of solute particles are replaced by 
6 for each mole of boric acid added, and hence the freezing point would be expected to 
decrease and the slope of the freezing point-concentration curve would be expected to 
correspond to a value of v for boric acid of 200. At the mole ratio H,BO,/initial 
H,S,0, = 4, equation (13) shows that there are 2 moles of solute particles [H,O* and 
(HSO,),~} for each stoicheiometric mole of boric acid and hence the total freezing-point 
depression at this composition should correspond to a value of v for boric acid of 2-00. 

Since the freezing point rises in stage (I) before the mole ratio H,BO,/initial 
H,5,0, = 4 is reached and falls in stage (II) after it, there should be a maximum in 
the freezing point at this composition. 

(111) Moles of HyBO,/initial moles of H,S,0, > 4. Since both the products of the 
second stage are among the products of the reaction of boric acid with sulphuric acid, 
no further reaction between the products of stage (II) and additional boric acid can occur, 
and hence in this third stage the reaction that occurs is the same as that in sulphuric acid, 
namely (5). As we have seen before, this equation shows that 6 solute particles are 
produced for each mole of boric acid added, and hence the slope of the freezing point- 
concentration curve should be greater than in stage (II) and correspond to a value of y for 
boric acid of 6-00, 

rhe freezing points of solutions of boric acid in oleum for two different experiments, in 
which different initial concentrations of oleum were used, are shown in Fig. 2, in which the 
freezing points of the solution are plotted against the concentration expressed in terms of 
the mole ratio H,BO,/initial H,S,0,. It may be seen that in both cases the freezing points 
rise with inereasing concentration of boric acid (AB) to a maximum at the mole 
ratio 4 (B). At this point the fotal freezing-point depression, after correction to 
allow for the depression caused by the products of the self-dissociation of the solvent, 
corresponds to a value of vy’ for boric acid of 2-08 (Table 6), This shows conclusively 
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TABLE 6. Values of v' for solutions of boric acid and boric oxide in oleum, 
Mole ratio * mM, F. p.t, obs. F. p., corr. PF. p., theor. f v, theor. 
Expt. 115. Boric acid. 
} 0-0669 9-675° 9-737° 9-715" 
; 01010 9-285 9-438 9-359 
Expt. 116. Boric acid 
4 0-0796 9-523 9-577 9-552 
j 0-1204 9-060 9-213 9-128 
Expt. 122. Boric oxide. 
\ 0-6513 8-942 8-980 8-934 


* Moles of H,BO, (or B,O,)/initial moles of H,S,0, 
+ Values interpolated from graphs of the experimental values. 


that the reaction in this first stage cannot be represented by equation (10) which requires 
) 1-00. 

Upon further addition of boric acid the freezing point falls (BC) and at the mole ratio 
4 (C) the corrected total freezing-point depression corresponds to a value of v’ for boric 


Vic. 2. Freezing points of solutions of boric 
acid in oleum. 


1, Expt. 115. 2. Expt. 116. 


©-- Observed freezing points ABCD. 
-~ ~~ Calculated ideal freezing points abcd. 


point (°c) 


Freerzin 
=~ 2 


‘ 
‘ 
qd 
4 


eS ee Pe) oad i 
ol 02 O3 O4 OF 06 
Mole ratioW,B0, jnitial 45,0, 


acid of 1-85. At higher stoicheiometric concentrations of boric acid the freezing point 
falls more rapidly (CD). All these observations are in accord with the predictions made 
above. 

For further comparison we have calculated, for the oleum concentrations used in the 
two experiments, ideal theoretical freezing-point curves based on equations (9), (12), (13), 
and (5), making the assumptions (i) that the solutions are ideal, (ii) that the solvent does 
not undergo any form of self-dissociation, and (iii) that in stage (I) the degree of ionisation 
of disulphuric acid is 33% over the whole composition range involved.™ These calculated 
curves are abcd in Fig. 2. Thus ab has a slope corresponding to a value of v for boric acid 
of —2-00 in accordance with equation (9), and the total depression at > corresponds to a 
value of vy of 200. In accordance with equation (12), be has a slope corresponding to a 
value of v for boric acid of 2-00, and the total depression at ¢ corresponds to a value of » 
of 2-00 as predicted by equation (13). Finally, cd has a slope corresponding to vy = 6-00 
in accordance with equation (5). The agreement between the calculated curves abed and 
the experimental curves ABCD is seen to be very good for both experiments. 

The differences between the calculated and observed curves may be accounted for as 
follows. The calculated freezing point a is lower than the initial observed freezing point 
of the oleum A mainly because of the approximate nature of our assumption concerning 
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the degree of ionisation of disulphuric acid and the fact that other higher polysulphuric 
acids, which we have ignored, are present in small concentrations. 

At the mole ratio 4 the observed freezing-point maximum B lies below the calculated 
maximum). There are two main reasons for this. First, any strong acid HA will actually 
give rise to slightly more than the expected two particles in solution (H,SO,*, A~) because of 
the occurrence of the reaction 


which is closely related to the ionic self-dehydration reaction and whose equilibrium 
constant is given by K = (H,0*)[H,S,0,]/{H,S0,*]. Using the value of Ky given earlier 
(p. 1926) and the value of K, given in Part II,” we have 


K = 28 x 10/2 x 10% = 14 x 10% 


(hus for our solutions of HgSO,*,B(HSO,),~, whose concentrations are approximately 
007m, it may be calculated that y = 2-13. Secondly, an additional freezing-point de- 
pression is produced by the ions resulting from the partly repressed self-dehydration and 
autoprotolysis equilibria of the solvent. The observed freezing point B may be corrected 
for the presence of the ions resulting from the self-dissociation and the corrected value is 
given in Table 6 and used to calculate the experimental value vy’ = 2-08. The fact that 
this value is lower than the predicted theoretical value of 2:13 may be attributed to non- 
ideal behaviour of the solution. m 

At the composition corresponding to the mole ratio 4, the observed freezing point C 
is lower than the calculated value ¢ because of ions resulting from the partly repressed ionic 
self-dehydration and the unrepressed autoprotolysis. The corrected freezing point (Table 
6) is, however, higher than the calculated freezing point C. This implies that in this solution 
the osmotic coefficient of the solvent is less than unity, which is also indicated by the fact 
that the experimental v’ is less than the theoretical y = 2-00. 

At the highest concentrations investigated the ionic self-dehydration and the auto- 
protolysis are largely repressed by the solute ions, and the fact that the observed freezing 
point D is higher than the theoretical freezing point d may be attributed mainly to the 
non-ideality of the solution. 

Boric oxide. The freezing points of solutions of boric oxide in oleum, given in Table 5, 
are also consistent with the formation of B(HSO,),. We find that three different 
successive reactions are to be expected. 

(I) Moles of B,O,/initial moles of H,S,0, —0->4. The initial reaction is expressed 
by the equation 


B,O, + 4H,SO, + 3H,S,0, = 2H,SO,' + 2B(HSO,),- . . (15) 


and hence we expect little change in the freezing point of the solution. At the mole 
ratio BgOs/initial HgS,0, == 4 the total freezing-point depression should correspond to 
a value of v for boric oxide of 4-00. 

(11) Moles of BgOy/initial moles of H,S,0, = 4-1. In this stage the H,SO,* ions 
produced in Stage (I) are replaced by hydroxonium ions and the equation for this reaction is 


H,SO,* + B(HSO,),- +- B,O, + 7H,SO, = 3H,0* + 3B(HSO,),- . (16) 


and by combining equations (15) and (16) it may be seen that the overall reaction at the 
mole ratio B,O,/initial H,S,0, = 1 is 


B,O, + H,SO, + 6H,SO, = 2H,0* + 2B(HSO,),- . . . (17) 


Hence the freezing point would be expected to decrease, and the slope of the freezing 
point-concentration curve would be expected to correspond to a value of v for boric oxide 
of 400. At the mole ratio B,O,/initial H,S,O, = 1, equation (17) shows that 4 moles of 
solute particles are produced for each stoicheiometric mole of boric oxide, and hence the 
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total freezing-point depression at this composition should correspond to a value of v for 
boric oxide of 4-00. 

(111) Moles of ByOs/initial moles of H,S,0,> 1. With excess of boric oxide the 
reaction that occurs is the same as that in sulphuric acid, namely, (6). 
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In Fig. 3 the freezing points of solutions of boric oxide in oleum are plotted against the 
concentration expressed in terms of the mole ratio B,O,/initial H,S,0, It may be 
seen that the freezing point is almost constant (EF) until the composition corre- 
sponding to the mole ratio 4 is reached (Ff), At this point the total freezing- 
point depression after correction for the additional depression caused by the products of 
the self-dissociation corresponds to a value of v for boric oxide of 4-08 as may be seen from 
Table 6. Upon further addition of boric oxide the freezing point decreases (FG). These 
observations are thus seen to agree with the predictions made above. 
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Vor further comparison we have calculated an ideal theoretical freezing-point curve 
based on equations (14), (15), and (16), and the same assumptions as we made (p. 1931) 
when considering boric acid solutions. This calculated curve is e/g in Fig. 3. The agree- 
ment between the experimental curve EFG and the calculated curve e/g is good. As 
before, the differences between the calculated and observed curves may be accounted for 
in terms of the varying concentrations of the products of self-dissociation of the solvent 
and deviations from ideal behaviour of the solutions. The experimental v’ value and the 
theoretical y value for the mole ratio 4 are given in Table 6. 

Conductivity Measurements in Oleum Solutions.—-The results of our conductivity 
measurements in oleum solutions are given in Table 7 and Fig. 4. The three stages in the 
reaction of boric acid with oleum are clearly shown by the conductivities of the solutions. 
In stages (1) and (II) the solutions are acid, i.¢., they contain more H,SO,* than the pure 
solvent, while in stage (III) they are basic, i.¢., they contain more HSO,~ than the pure 
solvent. Thus in stages (1) and (II) the conductivity of the solutions is determined almost 
completely by the concentration of H,SO,*, while in stage (III) it is determined almost 
completely by the concentration of HSO,~. 

(I) Moles of H,BO,/initial moles of HxS,0, = 0-4. It may be seen from equation 
(8), bearing in mind that approximately 0-3 mole of H,SO,° ions results from the ionisation 
of one mole of disulphuric acid, that there will be to a first approximation no change in 
the number of H,SO,* ions, and hence in the specific conductance, on the addition of boric 
acid up to the mole ratio 4. It may be seen from Table 7 and Fig. 4 that, in fact, there 
is either a slight decrease or a slight increase in the conductivity (KL), but this is very 


TABLE 7. Specific conductances of solutions of boric acid in oleum. 
Mole Mole Mole Mole Mole Mole 
ratio * 100% ratio*® 100% ratio* 100% ratio* 100% ratio * 100% ratio* 100« 


Expt. 8 Initial H,S,0,: 0:143m Expt. 37. Initial H,S,O,: 0°537m. 
0-000 0257 1595 0599 3177 0000 2698 0250 3116 0480 1-116 
371 : 0-371 1375 0-739 1-616 0044 2735 0334 3045 0506 1-031 
0-160 : 0475 «1082 0864 2-040 0-075 2775 O419 1920 0-631 1-164 
0-164 2934 0-450 1-461 O-587 1-677 
ixpt. 26. Initial H,S,0,: 0:325m 
0-000 2-21 0-038 2261 0-233 2-401 0-329 2-302 


ixpt. 27. Initial H,S,0,: 0°385m. 
0-000 2403 0-046 2423 0-246 2-639 0333 2544 


Expt. 38. Initial H,S,O,: 0-328m 
0-000 2 0-129 2828 0-277 2-439 0-481 = 1-089 $27 0-673 
0-048 2 0200 2391 0424 1-509 0-498 1-050 b 
* Moles of H,BO,/Initial moles of H,S,0, 


mall compared with subsequent changes and is due mainly to the fact that at low oleum 
concentrations the degree of ionisation of disulphuric acid is somewhat greater than 33°, 
and at higher oleum concentrations it is somewhat less than this. 

(11) Moles of H,BO,/initial moles of H,S,0, = 4-4}. Equation (12) shows that in 
this second stage the highly conducting H,50,* ion is replaced by the poorly conducting 
hydroxonium ion and hence the specific conductance of the solution would be expected to 
decrease with increasing concentration of boric acid. At the mole ratio }, equation (13) 
shows that the only ions in the solution are H,O* and B(HSO,),~, apart from those 
resulting from the self-dissociation of the solvent; hence the specific conductance of the 
solution would be expected to differ very little from that of sulphuric acid itself. We 
see from Fig. 4 that the specific conductance in fact decreases rapidly (LM) as further 
boric acid is added after the composition corresponding to the mole ratio 4. At the 
composition corresponding to the mole ratio 4 the conductivity passes through a 
minimum value which is approximately the same as that of sulphuric acid itself, 

(Il) Moles of HgBO,/initial moles of H,S,0, > 4. In this stage the reaction that 
occurs is the same as in sulphuric acid itself (equation 5); hydrogen sulphate ions are 
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formed and the conductivity should increase correspondingly. We see in Fig, 4 that in 
fact the conductivity rises rapidly (MN) after the minimum. 
If the ionisation of boric acid gives the BO* ion then equation (9) for stage (I) should be 


replaced by 

H,BO, -+- 3H,S,0, = BO’ + HS,O, +4H,SO, . . . (18) 
and equation (13) for stage (II) should be replaced by 

H,BO, +- 2H,S,0, = BO* + HSO, + 3H,SO,. . . . (19) 


In this case the ions present at the mole ratio 4 would be BO* and HS,O,> and at the mole 
ratio 4, BO* and HSO,. Thus, according to the hypothesis that BO* is formed, we 
should expect the specific conductance to decrease steadily, on the addition of boric acid 
to an oleum, to a rather small value at the mole ratio 4, and then rise rapidly to a quite 
large value, because of the presence of the hydrogen sulphate ion, at the mole ratio 4. 
This is quite contrary to our observations and thus we have further evidence that the 
ionisation of boric acid does not lead to the formation of BO’. 

The conductivity begins to decrease rather rapidly somewhat before the mole ratio 4 
is reached. The explanation of this provides further evidence that the conducting species 
present at this composition is H,SO,* and not HSO,~. This decrease is due to a decrease 
in the concentration of the H,SO,* ion below its stoicheiometric value as a result of reaction 
‘ “ bape becomes appreciable as the concentration of H,S,0, is reduced by the added 

3BOs. 

Titrations of Tetra(hydrogen sulphato)boric Acid, H{|B(HSO,),), with Potassium 
Sulphate-—It may be seen that when sufficient boric acid or boric oxide has been added to 
an oleum to react with all the disulphuric acid originally present according to equations 
(9) or (15), one obtains a solution in sulphuric acid of tetra(hydrogen sulphato)boric acid, 
H|B(HSO,),), which behaves as a strong acid, ionising very substantially, if not completely, 
according to the equation 


H{B(HSO,),] + H,SO, = H,SO,’ + B(HSO,),-. . . . (20) 


As a strong acid it may be titrated with a base, which is essentially what we have done 
in adding further boric acid to the solution having a mole ratio H,BO,/initial 
H,S,0, = 4 as deseribed above and as summarised by equation (12), the end-point of 
the titration at the mole ratio } being indicated by the minimum in the specific conduc 
tance and the change in slope of the freezing-point curve. This acid-base reaction is 
perhaps more strikingly demonstrated by titrating a solution of tetra(hydrogen sulphato)- 
boric acid with a simple strong base such as KHSO, For this purpose solutions of 
H{ B(HSO,),) of various concentrations were prepared by adding the calculated quantity 
of boric acid to oleums whose concentrations were known from their freezing point or 
conductivity. Successive additions of K,SO, were then made and the conductivity or 
freezing point measured after each addition. 

The results of the conductivity measurements are given in Table 8 and Fig. 5, The 
specific conductance drops rapidly until 4 mole of K,SO, (i.¢., | mole of KHSO,) has been 
added for each mole of H{B(HSO,),) originally present, passes through a minimum at this 
point, and then rises again. The initial decrease in the specific conductance is due to the 
removal of the highly conducting H,SO,° ions by the added hydrogen sulphate ions and 
their replacement by the poorly conducting potassium ion : 


H{B(HSO,),) + KHSO, = K(B(HSO,),) + H,SO,. . . (21) 


The rise in the conductivity after the minimum is due to the excess of hydrogen sulphate 
ion. At the point of minimum conductivity, the solution contains the strong electrolyte 
K{B(HSO,),) and has a specific conductance that differs little from that of sulphuric acid 
itself: the additional ions are there but they have insignificant mobilities compared to 
those of the chain-conducting H,SO,* and HSO,” ions. It might be thought, therefore, 
that at the minimum the conductivity would be very slightly greater than that of the 
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solvent whose conductivity is due to the HSO, and H,SO,°* resulting from its autoprotoly- 
is. Actually (see Table 8 and Fig. 5) the minimum conductivity is slightly less than that 


TABLE 8. Conductometric titrations of HB(HSO,), with K,50,. 
H,BO, * K,SO, * H,BO, * K,SO,* __ 

Initial Hy5,0, Initial WH B(HSO,),; 100« Initial 45,0, Initial 3(H15O,),; 100« 
Expt. 11. Initial H,S,0,: 0-428m Expt. 36. Initial H,S,0,: 0°343m. 
0-000 _ 2-492 6-000 - 2-301 
0-329 0-000 2-719 0-030 -— 2-309 

O-057 2-473 0-091 — 2-340 
0-135 2-141 0-172 - 2-411 
0226 1-754 0-257 — 2-490 
(336 1-318 0-331 0-000 2-377 
0453 1-038 0-132 1-902 
0-492 1-020 0-273 1-419 
0-531 1-047 0-396 1-108 
0-636 1-265 0-480 1-030 
0-708 1-480 0-495 1-031 
0-813 1-818 0-546 1-065 
0-657 1-259 

* Mole ratio. 0-807 1-645 


of 100%, sulphuric acid, This apparently surprising result must be due to the effect of the 
relatively high concentration of the potassium ion [and perhaps also the B(HSO,),~ ion} 
in reducing the mobilities of the HSO,~ and H,SO,* ions. The reduction of the mobility 
of the hydrogen sulphate ion by cations has previously been demonstrated and since 
H,5O,* conducts by the same type of mechanism, it is to be expected that its mobility will 
be similarly affected, 

The results of the experiments in which the titrations were followed by means of the 
measurement of the freezing points of the solutions are given in Table 9 and Fig. 6. It 


TABLE 9. Cryometric titrations of H[B(HSO 9) with K,SO,. 


Expt. 121. Wt. of oleum, 160-74 g. _ F. p, of oleam, 8°797°. 
Moles of H,BO, added « moles of H{B(HSO,),| formed = 0-01235. 
an 
alaed Moles of K,SO, 9 Moles of K,SO, 
(mmoles) Initial moles of H{B(HSO,),)  F. p. (mmoles) Initial moles of H[B(HSO,),)  F. p. 
- 9-533° 5-540 04681 9-464° 
1-246 06-1053 9-542 7-924 06696 9-226 
3102 0-2621 9-547 


nitial moles of H,S,0, = 0-03550 


FP, pa? :. FB. po F, p., ¥, 
Mole ratio H,BO,(m) K,SO,(m) dhe corr theor y’ theor 
H, BO, /initial HyS,0, = 4 - 9-533° 9587° 9587° 2-14 214 
K,SO, /initial H{ B(HSO,),) ete 0-03783 9438 9653 9-663 2-02 2-00 


Expt, 141, Wt, of oleum, 16433 g, F. p. of oleum 8438°, Initial moles of H,S,O, = 0-04405, 
Moles of H,BO, added = moles of H{B(HSO,),) formed = 0-01467 


K,SO, K,SO 
added Moles of K,SO, added Moles of K,SO, 
(mmoles) Initial moles of H[B(HSO,),) PF. p. (mmoles) Initial moles of H[B(HSO,),)  F. p. 
_ 9-358" 8-469 0.5773 9-176° 
1-987 01364 9-374 10-022 06969 8-979 
4-923 03356 9-364 12-5090 08582 8-671 
6 890 0-4697 9293 14836 1-0113 8-330 
7-339 05003 9-268 17-330 11813 7/985 
a ie ae ¥, 
Mole ratio H,BO,(m) K,SO,(m) Fa corr. theor. v theor 
H, BO, /initial H,S,0, = 4 0-09298 9359° 9408 9389° 2-08 2-12 
K,SO, /initial H{ B(HSO,),) = ¢ ... - 004582 9269 484 9-471 1-98 2-00 
* Values interpolated from graphs of the experimental values where necessary. 


may be seen that the freezing point remains practically constant (PQ) on the addition of 
K,50, to H{B(HSO,),} until 4 of mole K,SO, (i.c., | mole of KHSO,) has been added for 
each mole of H{B(HSO,),) originally present, after which the freezing point decreases (QR). 
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The initial flat portion of the freezing-point curve is in accordance with equation (21) 
which shows that 2 moles of ions [H,SO,° and B(HSO,),~| are replaced by 2 moles [K* and 
B(HSO,),~} and which predicts, therefore, that no change in the freezing point should 
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occur. The decrease in the freezing point (QR) after the addition of 4 mole of K,SO, 
is due to the ionisation of the excess of potassium sulphate according to the equation 


K.SO,-+H,SO,=2K'+2HSO, ... . « (2%) 


The experimental curve PQR may be compared with the theoretical curve pqr calculated 
on the basis of equations (21) and (22) and the same assumptions as were made on p. 1931 
for the calculation of theoretical curves for boric acid solutions in oleum. Thus pg has 
zero Slope in accordance with equation (21) and gr has a slope corresponding to vy = 4-00 
as expected for the ionisation of K,SO, according to equation (22). The agreement 
between the observed and calculated curves is seen to be good, and the differences may be 
accounted for satisfactorily in the same manner as we explained in detail for solutions of 
boric acid in oleum. 

It is of interest to note that tetra(hydrogen sulphato)boric acid H{B(HSO,),| is the 
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only known example of a strong acid in the sulphuric acid solvent system. The boron 
tetra(hydrogen sulphate) ion is the analogue in the sulphuric acid solvent system 


B(HSO,), + HSO, = B(HSO,),~ 


of the borate ion in water 


B(OH), + OH~ = B(OH),- 
and of the borofluoride ion in hydrogen fluoride 
BF, + F- = BF, 


Raman Spectra,—Solutions of boric acid in sulphuric acid were found to contain a line 
in their Raman spectra at approximately 1050 cm.~!, which increases in intensity with 
increasing concentration of boric acid, in addition to the known lines of sulphuric acid. 
This line may confidently be assigned to the hydrogen sulphate ion.**** Further work 
on the Raman spectra of these solutions is in progress. 

The Raman spectra are thus consistent with the ionisation represented by equation (5). 


We thank Dr, D. J. Millen for his help with the Raman spectra measurements and the 
Ministry of Education for a grant (to R. F.) 
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379. Synthesis of 10-Methyl-3 : 4-benzopyrene and 
8: 10-Dimethyl-3 : 4-benzopyrene. 


By A. D. CAMPBELL, 


10-Methyl- and 8 ; 10-dimethyl-3 ; 4-benzopyrene have been synthesised 
from 1: 2: 3: 11b-tetrahydro-3-oxomesobenzanthrene by an alternative route 
to that of Adelfang and Daub. The properties of the two hydrocarbons are 
in agreement with those previously reported, 


luk method used by Cameron, Cook, and Schcental# for the synthesis of 8-methyl-3 : 4- 
benzopyrene has been extended to the preparation of 8 : 10-dimethyl-3 : 4-benzopyrene 
(II1; Ro Me) to study the effect of methyl substitution on the carcinogenic activity 
of 3: 4-benzopyrene. The biological properties of 8: 10-dimethyl-3 : 4-benzopyrene are 
of interest in connection with the view that carcinogenic action of polycyclic hydrocarbons 
is associated with metabolic oxidation at specific molecular centres. During the course of 
this investigation Adelfang and Daub ! reported the synthesis of this hydrocarbon starting 
also from 1: 2:3: 116-tetrahydro-3-oxomesobenzanthrene but using an alternative route. 

#-Ethoxyearbonyl-6-(L : 2 : 3: 11b-tetrahydromesobenzanthr-3-ylidene)propionic acid * 
(L; RK - Et) and the corresponding dibasic acid (I; R = H) undergo cyclisation to ethy! 
1:2:8:9: 10; 1l-hexahydro-8-oxo-3 : 4-benzopyrene-10-carboxylate (II; R = Et) and 
the corresponding keto-acid (II; R = H) respectively on treatment with anhydrous 
hydrogen fluoride, The ultraviolet absorption spectra (which resemble that of anthracene) 
show that cyclisation is accompanied by migration of the double bond. Reduction of the 
keto-ester (II; R = Et) with lithium aluminium hydride afforded a dihydric alcohol 
which, without purification, was dehydrated and dehydrogenated in the presence of 
palladium black to 10-methyl-3 : 4-benzopyrene (III; R =H). A suggestion * that the 


' Adelfang and Daub, d: Amer. Chem. Soc., 1955, 77, 3297. 
Seb 


* Cameron, Cook, and 

* Cook, Ludwiegak, and Schoenta , 1960, 1112 

* Radt in Elsevier's '' Eneyclopaedia of Organic Chemistry " Elsevier Publ. Co., Amsterdam, 1951, 
Vol. XIV, p. 694s 


noental, i 1952, 257. 
» J: 
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9(?)-methyl-3 : 4-benzopyrene of Bergmann and Blum-Bergmann® was the 10-methyl 
derivative is supported by a comparison of the properties of the two hydrocarbons. The 
keto-acid (Il; R =H) does not react readily with a methyl Grignard reagent, thus 
necessitating an alternative route to obtain methyl! substitution in the 8-position, 

Of the several methods investigated for the hydrogenation of the acid (I; R « H) 
reduction of the sodium salt with hydrogen in the presence of Raney nickel was the most 
successful, affording the succinic acid (IV) whose insoluble sodium salt facilitated isolation, 


*CH,COH 
’ y 


| COM 


: CH’CHyCO>H 


(IV) (VI) 


it 
) 


An isomeric form of this acid, giving a water-soluble sodium salt, is obtained in low yield 
by use of sodium in pentyl alcohol but, because of the difficulties associated with the separa- 
tion of the dibasic acids produced, the products obtained by this and other methods of 
reduction were not fully investigated. Cyclisation of the succinic acid (IV) with anhydrous 
hydrogen fluoride afforded 1: 2:5:8: 9:10: 11: 12-octahydro-8-oxo-3 : 4-benzopyrene- 
10-carboxylic acid (V) which with methylmagnesium iodide readily gave the hexahydro- 
acid (VI). Treatment of the derived methyl ester with lithium aluminium hydride gave 
an alcohol which was dehydrated and dehydrogenated in the presence of palladium black 
to 8: 10-dimethyl-3 ; 4-benzopyrene (III; R = Me). The ultraviolet spectra of 8-methyl- 
and 8: 10-dimethyl-3: 4-benzopyrene were almost identical with those previously 
reported.! 


EXPERIMENTAL 


Ethyl 1:2: 8:9: 10: 11-Hexahydro-8-ox0-3 : 4-benzopyrene-10-carbowylate (IL; R Et). 
6 Ethoxycarbonyl-6-(1 : 2; 3: 11b-tetrahydromesobenzanthr-3-ylidene) propionic acid (1-0 g.) 
was treated with anhydrous hydrogen fluoride (30 g.). After 18 hr, the remaining hydrogen 
fluoride was allowed to evaporate, ice was added, and the product was taken up in benzene, 
dried, and purified by chromatography on alumina. The main yellow band which was eluted 
with benzene afforded the keto-ester as yellow plates (0-4 g.), m. p, 189-—-190° after recrystal- 
lisation from ethyl acetate (Found: C, 70-9; H, 61. C,,H,,O, requires C, 80-2; H, 68%). 
Light absorption : Max, at 244, 267, 286, 330, 347, 365, and 417 my (log ¢ 4-0, 4-72, 4-64, 3-52, 
3-72, 3-70, and 3-66 respectively) in EtOH. Hydrolysis by 6 hours’ refluxing with aqueous 
potassium hydroxide gave the keto-acid which crystallised as golden plates, m. p, 295-—-296°, 
from ethyl acetate (Found : C, 79-5; H, 5-6. C,,H,,O, requires C, 79-7; H, 5-1%). 

10-Methyl-3 : 4-benzopyrene (111; KR = H).-The above keto-ester (0-4 g.) was extracted 
with refluxing ether into a solution of lithium aluminium hydride (1-2 g.) in anhydrous ether 


*’ —. Bergmann and O. Blum-Bergmann, J. Amer. Chem. Soc., 1936, 68, 1678; E. Bergmann and FP 
Bergmann, thid., 1938, 60, 1805, 
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(200 c.c.) during 6 hr. The resulting solution was refluxed for a further 4 hr., then pvured into 
ice and dilute sulphuric acid, and the ether extract was evaporated. The remaining white 
solid was filtered off, dried, and heated with palladium black (0-1 g.), slowly at first, to 350° at 
0Imm. ‘The sublimate was chromatographed in benzene—hexane on alumina, to give the hydro- 
carbon (0-13 g.) as yellow needles, m, p, 176--177° after recrystallisation from hexane (Found : 
C, 94-8; Hl, 64. Cale, for C,H: C, 94-7; H, 53%). This gave a picrate as brown plates, 
m, p. 176--177° (from benzene-ethanol) (Found: C, 65-3; H, 3-5; N, 86, Calc. for 
Ca7H,,0,N,: C, 65-5; H, 3-5; N, 85%), and a trinitrobenzene derivative as bright red needles, 
m, p. 210-——-211° (from ethanol) (Found: C, 67-5, 67-7; H, 3-5, 3-5. Cy,H,,O,N, requires 
C, 676; H, 36%). Adelfang and Daub* give hydrocarbon, m, p. 177-—-178°, and picrate, 
m., p. 179-6-—180-5", 

1:2: 8:9: 10: 11-Hexahydro-8-ox0-3 : 4-bensopyrene-10-carboxylic Acid (Il; R = H).— 
1: 2:3: 11b-Tetrahydromesobenzanthr-3-ylidenesuccinic acid (5-0 g), m. p. 223-—224° (Found : 
C, 752; H, 66. Cale. for C,,H,,O,: C, 75-4; H, 54%) (Cook, Ludwiczak, and Schoental * 
give m. p. 208-—209°), was treated with anhydrous hydrogen fluoride (approx. 100 g.) for 12 hr. 
The product was taken up in alkali (charcoal), reprecipitated, and recrystallised from ethyl 
acetate as golden plates, m. p. 205---296°. It gave a methyl ester as yellow needles, m, p. 187-— 
188° (from ethyl acetate) (Found: C, 79-7; H, 56. C,,H,,O, requires C, 80-0; H, 55%). 

1: 2: 10: 11-Tetrahydro-8-methyl-3 ; 4-benzopyrene-10-carboxylic Acid.—The above keto-acid 
(1-2 g.) was extracted during 6 hr. into a reagent prepared from magnesium turnings (0-6 g.), 
methyl! iodide (3-8 g.), and ether (75 c.c.). After refluxing for 4 hr. the product was poured into 
ice and dilute sulphuric acid, the ether was evaporated, and the solid acid was filtered off, taken 
up in alkali, reprecipitated, and recrystallised from ethyl acetate as yellow needles, m. p. 
255-256" (Found: C, 83-9; H, 56. Cy,H,,O, requires C, 84:1; H, 58%). 

1: 2:3: 11b-Tetrahydrvomesobenzanthr-3-ylsuccinic Acid (1V).-(a) $-Ethoxycarbonyl-6- 
(1: 2: 3: 11b-tetrahydromesobenzanthr-3-ylidene) propionic acid (1; K = H) (5g.) was heated 
with 2n-sodium hydroxide (150 c.c.) for 2 hr. After cooling, Raney nickel (from 5-0 g. of 
alloy) was added and the sodium salt was hydrogenated at atmospheric pressure for 6 hr. An 
insoluble sodium salt separated. The sodium salt was filtered off and acidified; the dibasic acid, 
recrystallised from ethyl acetate containing a small amount of ethanol, had m. p. 248-—-249° 
(bath preheated to 245°) (yield 1-8 g.) (Found: C, 74:8; H, 6-2. C,,H sO, requires C, 75-0; 
H, 60%). 

(b) The unsaturated acid (1; R «= H) {4 g.) in refluxing penty! alcohol (300 c.c.) was reduced 
by the addition of sodium (12 g.) during 5hr. The product was worked up in the usual way, to 
give an isomeric 1; 2: 3: 11b-tetrahydromesobenzanthr-3-ylsuccinic acid (0-7 g.) (sodium salt, 
soluble in water), m, p. 230--231° (from ethyl acetate) (found: C, 74-5; H, 64%). 

1:2:5:8:9; 10: 11: 12-Octahydro-8-ox0-3 ; 4-benzopyrene-10-carboxylic Acid (V).—(a) 
The above dibasic acid (insoluble sodium salt) (2-1 g.) was treated with anhydrous hydrogen 
fluoride (ca, 50 g.). After 5 hr. the product was worked up in the usual way, to give the heto- 
acid (1-3 g.) a8 pale yellow needles, m. p. 269-—270° (from ethyl acetate) (Found: C, 78-9; 
H, 5-4. Cy,H,sO, requires C, 79-2; H, 57%). Light absorption: Max. at 212 and 266 mu 
(log ¢ 4-60 and 4-28 respectively) in EtOH. It gave a methyl ester as pale yellow needles, m., p. 
234-235" (from methanol) (Found: C, 79-1; H, 64, Cy H,.O, requires C, 79-5; H, 61%). 
(b) The isomeric dibasic acid (soluble sodium salt), when similarly treated, afforded a keto-acid 
which crystallised as pale lime-green needles, m, p, 243--244°, from ethyl acetate (Found : 
C, 792; H, 54%), 

1:2:5: 10; 11: 12-Hexahydro-8-methyil-3 : 4-benzopyrene-10-carboxylic Acid.--The above 
keto-acid (m, p. 269-—-270°) (2-8 g.) was extracted during 6 hr. into a refluxing solution prepared 
from magnesium (0-8 g.) and methyl iodide (4-6 g.) in ether (300c.c.) and refluxed for a further 
2hr, The resulting solution was worked up in the usual manner, to give the unsaturated acid 
(1-7 g.) a8 colourless needles, m, p. 230° (from ethyl acetate) (Found: C, 841; H, 5-8. 
Cogll gO, Tequires C, 84-1; H, 58%). It gave a methyl ester as pale yellow needles, m. p. 
163-164" (from methanol) (Found; C, 84-0; H, 56-9. Cy Hg, requires C, 84-1; H, 61%). 

8: 10-Dimethyl-3 ; 4-benzopyrene (111; RK = Me).—The methyl ester of the above acid 
(0-8 g.) was reduced with lithium aluminium hydride and the alcohol was dehydrated and 
dehydrogenated as in the preparation of 10-methyl-3 : 4-benzopyrene above. The hydrocarbon 
was purified by chromatography in benzene on alumina and recrystallised from benzene—hexane 
as yellow plates, m, p. 235-—236° (0-1 g.) (Found: C, 94-5; H, 5-6. Cale. for CyH,,: C, 94-3; 
H, 57%). It gave a derivative with trinitrobenzene as bright red needles, m. p. 202—203° 
(from benzene-ethanol) (Found; C, 67-9; H, 3-6. C,,H,,O,N, requires C, 68-2; H, 3-0%). 
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380. Molecular Addition Compounds of Dinitrogen Tetroxide with 
Nitrogen, Oxygen, and Aromatic Hydrocarbon Donors, 


By C. C. Appison and J. C. SHELpon. 


Dinitrogen tetroxide forms molecular addition complexes with a wide 
range of organic compounds, Compound formation is considered to result 
from electron acceptance by the electron-deficient dinitrogen tetroxide mole- 
cule, ‘The electron donors are subdivided into ‘onium donors (e.g., carboxylic 
acids, esters, ketones, and nitriles) which generally give 2: 1 compounds, and 
nm donors (aromatic hydrocarbons and some simple derivatives) which give 
1:1 compounds, This paper is primarily concerned with compound 
formation in the solid state, as shown by thermal analysis, 


Tue chemical reactivity of liquid dinitrogen tetroxide is modified profoundly in the presence 
of certain organic compounds. Addition of diethylnitrosamine gives a mixture which 
reacts vigorously with a number of metals.' Levy and Scaife * found that the oxidising 
properties of the tetroxide were modified by certain organic solvents (notably ethers and 
esters), and Sisler et al. have shown, by thermal analysis of binary systems of dinitrogen 
tetroxide with a range of ethers, that compound formation occurs in the solid state.** 
Compounds are formed with amines in both solid and liquid phases,®»* with camphor,’ 
and with o-nitrotoluene,*® but not with halogeno-hydrocarbons.’ It is unlikely that these 
addition compounds conform to any single structural type; although many appear to be 
molecular addition compounds, some show properties which suggest an ionic formulation. 

The evidence in the literature is fragmentary, and in view of their significance in the 
dinitrogen tetroxide solvent system, we have undertaken a broader survey of these addition 
compounds. 

DISCUSSION AND RESULTS 


Classification of Donors.—Molecular-compound formation occurs as a result of electron 
deficiency in the dinitrogen tetroxide molecule, which therefore acts as an electron acceptor, 
Compounds with which the tetroxide combines are treated throughout as electron donors. 
They are of two types: (1) 'Onium donors, i.¢., compounds containing an atom which has 
one or more lone pairs of electrons available in s and / orbitals; (2) « donors, 4.¢., aromatic 
hydrocarbons and their derivatives, which have electrons available in molecular x orbitals, 
and can form molecular addition compounds by orbital overlap. 

Molecular or Ionic Formulation for Addition Compounds.—The structure of the addition 
compound will be determined by the mode of electron acceptance by dinitrogen tetroxide, 
which has structure (I).4° Each atom possesses a / atomic orbital perpendicular to the 
plane of the molecule, and these combine to give a system of « molecular orbitals. The 
existence of orbitals embracing the whole molecule is a possibility, the nitro-group orbitals 

* Addison and rigs a , 1952, 1399, 

2 Levy and Scaife, J., , 1093. 

* Rubin, Shechter, ad Sisler, J. , , 1952, 74, 877. 

‘ Whanger and Sisler, ibid., 1953, 76, 5188. 

* Davenport, Burkhardt, and Sisler, ibid., p. 4175 

* Comyns, Nature, 1953, 172, 491; , 1955, 1557 

? Pascal and Garnier, Compt. vend., 1923, 176, 450 

ne Thesis, Genéve, 38, Nr. 446; Landolt-)8érnstein “ Tabellen,”’ Band 3, Teil 1, 1935, 
P- 
* Pascal, Bull. Soc. chim, France, 1923, 33, 539 
” Broadley and Robertson, Nature, 1949, 164, 915. 
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not necessarily being completely separate. The six molecular orbitals can together 
possess a maximum of twelve electrons. The N,O, molecule is considered as having eight 
electrons in the molecular-orbital system, and hence two pairs of electrons may be accepted. 


nO, .0 -O o- 


(I) NN’ N-N (11) 
07 ro) -O% [so- 
n* 


The NO, groups being regarded as the site for combination, 2: 1 compounds with 
‘onium donors are generally to be expected. Complete transfer of two electron pairs to 
an N,O, molecule involves a large charge separation in that molecule, as shown in (II). 
This tends to inhibit acceptance, which is therefore weakened. 

As an alternative, the compounds may be considered as ionic in character. The equili- 
brium N,O, == NO*NO,> is well established in the liquid state, and the NO* ion (like 
the analogous diazonium ion) is also electron deficient. The saturated NO unit contains 
14 valency electrons, whereas the NO* ion has only ten. In the form of an ion pair, 
dinitrogen tetroxide may be regarded as accepting up to two electron pairs to give the 
compounds (III) and (IV). (Don is a donor compound.) It is to be expected, however, 
that (III) will be more stable than (IV), since the ion Don*-—N=O is electrostatically more 
favourable than (Don*),NO~, As with molecular compound (II), the donation-acceptance 
processes are weakened by charge separation, and the 1: 1 is more likely than the 2: 1 
ratio in ionic compounds. 

Don, 
(111) Don -» NOt NO,~ NO’ NO,” (IV) 
Don 

Classification of Addition Compounds.—Since there are two types of donors (‘onium and 
x) and two modes of electron acceptance (by N,O, or NO*), the following four classes of 
compounds are possible: (1) molecular compounds with ‘onium donors, (2) molecular 
compounds with » donors, (3) ionic compounds with ’onium donors, (4) ionic compounds 
with «donors. There is no evidence for the existence of compounds of class (4), Conducto- 
metric titrations by Comyns * demonstrated the existence of ionic complexes (class 3) 
between liquid dinitrogen tetroxide and the tertiary amines. In the liquid phase the 
electron-deficient species N,O, and NO* exist together, and any added donor has the 
opportunity of combining with either (or both) of these species. The liquid phase may 
therefore be represented in terms of the two equilibria 


(Don),,NO',NO,~ qa n(Don) + N,O, == (Don),,N,O, 


The relative positions of these equilibria depend on the donor, and particularly on its 
basic strength. Formation of an ionic compound involves preliminary ionisation of the 
tetroxide, and more energy is therefore required for the formation of an ionic than a mole- 
cular compound, The tertiary amines are amongst the strongest donors known, and it 
is probable that their solid compounds with dinitrogen tetroxide are also ionic in character. 
The amine ; N,O, ratio found was 1; 1, which is again consistent with an ionic formul- 
ation. A general ratio of 2; 1 was found by Sisler et al.® for compounds of the tetroxide 
with heterocyclic amines. The latter are weaker electron donors than the tertiary amines, 
and the compounds may well be molecular (class 1) as the ratio suggests. The solid 
compounds described in this paper involve relatively weak donors, and are all believed to 
fall into classes (1) and (2). Even so, in the liquid state the equilibrium is not entirely 
on the side of the molecular compounds (Don),,N,0,; reaction rates of these mixtures 
with metals indicate the presence of a (probably small) proportion of ionic complex, and 
these will be discussed in a later paper. The variation in type of addition compound with 
electron donor strength may be summarised as follows : 
Liquid phase Solid phase 

Strong donors (R,N) (Don),,NO* NO, (Don),,NO* NO, 


Medium-strength donors (ChH,N, K,O, RCN) (Don),,NO* NO, and (Don),,N,O, (Don)y.NgO, 
Weak donors (¢ olly ( gly NO,) ee ‘ee (Dom)_.N,O,4 (Don),,NyO,4 
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Nitrogen Donor System.—The phase diagram for dinitrogen tetroxide with dimethyl- 
nitrosamine is compared in Fig. 1 with that for diethylnitrosamine.’” Both compounds 
give a 2:1 ratio only, but the melting point of the dimethylnitrosamine compound is 
much higher. However, the m. p.s of dimethyl- and diethy!-nitrosamine are —22° and 
—81° respectively, and the fact that the change in m. p. of the compound is a reflection of 
a change of a similar order in that of one component is in itself some support for the belief 
that the solid compounds are molecular and not ionic in character. In these compounds, 
and those mentioned below, the m. p. of the compound seldom lies more than about 20° 
from the mean of the m. p.s of the components. Those factors which determine the 
lattice bonding of the components, and thus their melting points (van der Waals forces, 
dipole interactions, and steric effects), thus determine also the melting of the compound. 
Since dinitrogen tetroxide is a weak electron acceptor, compound formation will make 
only a small contribution to the lattice energy in these systems. 

The phase diagrams for ethylphenyl- and methylphenyl-nitrosamines (Fig. 2) again 
show 2: 1 compound formation only, though the compound with the latter melts incon- 
gruently. The nitrosamines are sufficiently strong donors to give rise to some ionic complex 
formation in the liquid phase; ** electron donation, which is considered to occur at the 
amine nitrogen atoms, will be weakened by the presence of the phenyl group, but the 
consistent 2:1 ratio indicates that the crystals are molecular compounds with ‘onium 
donors, and that the phenyl group takes no direct part in addition-compound formation. 
N-Nitrosopiperidine (Fig. 2) gives compounds of the unusual ratios 1;1 and 3:1, 
Although few such compounds have yet been studied, there appear to be exceptional 
steric factors associated with alicyclic compounds. For example, camphor’ gives the 
unusual ratios 4; 5 and 3: 2, so that addition compound formation is not the only factor 
determining the composition of the solid. (Although most alicyclic ethers appear to give 
the expected 2:1 ratio, the phase diagram for tetrahydrofuran shows a pronounced 1; 1 
compound.*) N-Nitrosopiperidine probably forms, with dinitrogen tetroxide, lattice 
complexes of addition compounds of normal ratio, together with uncombined molecules 
of one of the components. 

The alkyl cyanides provide further examples of nitrogen donors (Fig. 3). 1-Chloro-2- 
cyanoethane gives a 2: 1 compound only, and the small maximum and limited composition 
range indicate very weak association with dinitrogen tetroxide. Substitution of a chlorine 
atom has a similar effect in the ethers;* diethyl ether gives a pronounced compound, 
whereas 2 : 2’-dichlorodiethyl ether shows no compound formation. Benzyl cyanide gives 
a 2: 1 compound only, but methyl cyanide shows clear evidence of a 1 ; | compound also. 
(Many experimental points have been omitted from Fig. 3 in the region of the 2: 1 maxima 
for methyl and benzyl cyanides for the sake of clarity.) Though not in conflict with the 
general picture outlined above, this 1:1 ratio is unusual, since methyl cyanide can only 
act as an ‘onium donor; the question of stable orientation in the lattice may become as 
important here as the orbital requirements of the electron donor and acceptor. 

Oxygen Donor Systems.—Four such systems are shown in Fig. 4. All curves show 2; 1 
compounds only, the acetophenone compound having an incongruent melting point. 
The dialkyl ethers give similar curves.*+* Ethy! acetate also gives a 2: 1 compound, but 
this system shows double melting and will be discussed in a later paper. There is therefore 
much justification for the general rule that molecular compounds of dinitrogen tetroxide 
with ‘onium donors have 2; 1 ratio. Some molecules containing two donor atoms give 
1:1 compounds with dinitrogen tetroxide, but are not exceptions to this rule. If the 
donor atoms are at an appropriate distance apart (as may well be the case with ethylene 
glycol diethyl ether, 1: 4- and 1: 3-dioxan**" and acetic anhydride), the donors 
behave as chelate groups, donating two pairs of electrons. 

The importance of structure and physical dimensions of the donor molecule in deter- 
mining the shape and position of the phase diagram may be seen by comparison of certain 
of the systems in Figs. l1—4. The carbony! and N-nitroso-groups seem able to replace 

't Addison and Conduit, J., 1952, 1390 


Ling and Sisler, /. Amer. Chem. Soe., 1953, 75, 5191 
' Addison and Sheldon, unpublished results 
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one another without appreciable modification in the system. Acetophenone and methyl- 
phenylnitrosamine give very similar systems; the eutectic temperatures and compositions, 
and the incongruent melting points, are closely similar. The same is true for systems with 
ethyl benzoate and ethylphenylnitrosamine, and the 2; 1 compounds formed by these 
four donors all melt within 5°. The acetone system also closely resembles that for 
diethylnitrosamine. 

In most cases the viscosity of the liquid mixture from which crystallisation occurs is 
appreciably higher than that of the components. This increase in viscosity is particularly 
obvious with the esters because of the considerable supercooling which occurs. With 
ethyl benzoate (Fig. 4) this renders determination of crystallisation temperatures inaccurate 


in high concentrations of the ester. 
Fis. 6. 
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Aromatic Hydrocarbon Donors.—Dinitrogen tetroxide forms addition compounds with 
aromatic hydrocarbons, and three phase diagrams are shown in Fig. 5. The uniform 1:1] 
ratio is in sharp contrast to the 2:1 compounds obtained with ‘onium donors. These 
compounds have not previously been observed, and they are of special interest when 
compared with the addition compounds between aromatic hydrocarbons and nitro-com- 
pounds which are in common use in the characterisation of organic compounds, In this 
general class of solid compound (which includes addition compounds of aromatic hydro- 
carbons, amines, and phenols with nitro-compounds and quinones) crystallographic 
studies “ have shown that the significant structural feature is plane-to-plane packing of 
the donor and acceptor molecules, arranged alternately. The pronounced colour of these 
compounds, and the frequent examples of pleochroism, suggest greater electron 1iobility 
along the plane-to-plane axis than perpendicular to it. Provided that the structure of 
the molecules will permit sufficiently close approach, partial electron transfer can occur 
by overlap of orbitals. In the addition of aromatic hydrocarbons to nitro-compounds, 
the former act as donors, and the acceptor properties of nitro-compounds are largely due 


1 Powell, Huse, and Cooke, J., 1943, 163; Harding and Wallwork, Acta Cryst., 1963, 6, 791. 
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to the nitro-groups present. Thus hydrocarbon compounds of trinitrobenzene are well 
known; p-dinitrobenzene forms a similar but more restricted range of hydrocarbon com- 
pounds,’® and the data in Fig. 5 show that if the aromatic ring is removed completely from 
dinitrobenzene, compound formation with aromatic hydrocarbons by the two remaining 
nitro-groups can still occur. 

Since N,O, iv a flat molecule, it can approach the aromatic ring most closely by a plane- 
to-plane packing in the crystal. The molecules may be arranged in a column, but on 
geometric grounds alone the closest orbital overlap seems most likely to occur if the mole- 
cules are ‘' staggered "’ somewhat. The compound is therefore to be considered as having 
an a: rather than al:1 ratio. The fact that these compounds result from electron 
donation and acceptance is supported by comparison of the benzene system (Fig. 5) with 
that for cyclohexane (Fig, 6), which shows a simple eutectic system. 

It is probable that, whenever dinitrogen tetroxide is mixed with an aromatic compound 
in the liquid state, some molecular interaction takes place. For example, the absorption 
spectrum of the tetroxide is modified in the presence of benzene. However, whether a 
solid compound can be crystallised from the liquid mixture depends on the structure of 
the aromatic compound, since this will determine whether the tetroxide can approach 
sufficiently closely to the aromatic ring for x orbital overlap to occur. Thus mesitylene 
and tetrahydronaphthalene give » : n compounds (Fig. 5), but p-xylene and chlorobenzene 
show no evidence of solid compound formation (Fig. 6). Bromobenzene also gives a 
simple eutectic system with dinitrogen tetroxide. However, the behaviour of mixtures 
with chlorobenzene was unusual in the concentration range covered by the eutectic line 
(Fig. 6) on the N,O, side of the eutectic concentration. On melting the solid, there was a 
prolonged arrest at the eutectic temperature while almost all of the solid melted; when 
the temperature increased again, the liquid phase contained only a small quantity of semi- 
solid particles which gave no more than a turbidity to the liquid. The liquidus curve 
(shown as a broken line in Fig. 6) represents clearing of this turbidity, since there was no 
detectable break in the warming curve on disappearance of turbidity. 

he slope of the liquidus curve for cyclohexane-rich mixtures (Fig. 6) is higher than in 
the other systems examined, This is not abnormal, and reflects the unusually large 
molecular depression of freezing point of cyclohexane (cf. benzene 49°, acetic acid 39°, 
cyclohexane 200° per mole of solute/100 g. of solvent). The molar heat of fusion (L,) is 
correspondingly small (compare benzene 2-36 keal., acetic acid 2-80 kcal., cyclohexane 
0-65 kcal.). The freezing point depressions (74-7) as shown in the phase diagrams, compared 
with the values (in parentheses) calculated from the equation In x = —L1/T — 1/T,)/R 
for solutions in which the mole fraction x of N,O, is 0-1, are: Benzene, 6°8° (68°); Acetic 
acid, 7-0 (6-1°); eycloHexane, 21° (23°). 

cycioHexane is therefore showing normal behaviour. Solid-solution formation is not 
uncommon in these systems®!* and probably accounts for the small freezing-point 
depression in cyclohexane mixtures rich in dinitrogen tetroxide. 

Molecules Capable of Both'Onium and x Donation,-—Several of the compounds mentioned 
above possess both an aromatic ring and an ‘onium donor atom. The molecular ratio 
involved in the compound may be used as a general guide to distinguish ‘onium (2 : 1) 
from » (1:1) complexes. When the ‘onium donor is sufficiently strong, combination 
through the donor atom is usually preferred. With a very weak ‘onium donor, x complexes 
are generally preferred ; this is probably because compact plane-to-plane packing with 1 : 1 
compounds leads to higher lattice energies than in the case of the more open and angular 
2:1 ‘onium compound molecules, Nitrobenzene (Fig. 7) forms a 1; 1 compound with 
dinitrogen tetroxide; since the nitro-group has no donor properties towards the tetroxide, 
this is clearly a x donor compound, Of particular interest, however, is the fact that phenyl 
cyanide and benzaldehyde also form 1: 1 compounds, whereas benzyl cyanide (Fig. 3) 
and acetophenone (Fig. 4) give 2: 1 compounds, In both phenyl cyanide and benzalde- 
hyde the donor atoms will be appreciably deactivated by conjugation with the phenyl 

'* Kremann, Monatsh., 1908, 29, 863; Kremann and Rodinis, ibid., 1906, 27, 125. 

'@ (a) Addison and Thompson, /., 1949, S 218; (+) Addison, Conduit, and Thompson, J., 1951, 1303; 
(c) Addison, Hodge, and Lewis, /., 1953, 2631. 
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group, leading to weak electron-pair donation; in benzyl cyanide the phenyl group is not 
in direct conjugation, and in acetophenone it is compensated by an activating methyl group. 

Colour in Aromatic Hydrocarbon—Dinitrogen Tetroxide Mixtures.—These mixtures are 
often strongly coloured, thus giving further evidence for electronic interaction between the 
hydrocarbons and the tetroxide. Liquid mixtures with benzene show no colour (apart 
from that due to nitrogen dioxide). The solid compound at its m. p. (—7°) is colourless, 
but becomes pale orange at —50°; this colour fades on warming and the change is 
reversible. Liquid mixtures with toluene show no colour, but the solid phase which 
crystallises from an approximately equimolar mixture with dinitrogen tetroxide at — 100° 
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is bright red. £-Xylene solutions are colourless at room temperature, but become deep 
red-brown at —20°. Mesitylene and tetrahydronaphthalene solutions show this colour 
at room temperature, and at —20° are almost black. However, the fact that it is not 
possible to deduce the properties of the solid from those of the liquid (or vice versa) is well 
illustrated by the observation that the solids erystallising from deeply coloured solutions of 
mesitylene and tetrahydronaphthalene are without appreciable colour, Not all the 
addition compounds formed by the aromatic hydrocarbons and their derivatives absorb 
in the visible range, so that no clear scheme emerges from observations of colour. The 
benzaldehyde and nitrobenzene mixtures are colourless, whereas mixtures cortaining 
chlorobenzene, benzophenone, pheny] cyanide, or p-tolyl cyanide give yellow or orange 
solids. 

Comparison with Nitrosyl Chloride Systems.—Some confirmation of the molecular 
character of these compounds is obtained by comparison with corresponding systems 
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formed by nitrosyl chloride, which can undergo the self-ionisation NOC] == NO* + Cl-.17 
Nitrosy! chloride does not possess a x orbital system comparable with dinitrogen tetroxide, 
and will not therefore form similar molecular compounds. The ability to give the NO* 
ion is, however, common to each molecule, so that if any particular donor forms a compound 
of similar ratio with both nitrosyl chloride and dinitrogen tetroxide, there may be some 
justification for regarding compounds with the latter as being ionic in the solid state. 
Three phase diagrams are given in Fig. 8. Neither benzene nor phenyl cyanide shows 
compound formation with nitrosyl chloride; 1: 4-dioxan gives a 1:1 compound with 
dinitrogen tetroxide,* but no compound with nitrosyl chloride. The high viscosity of the 
mixtures rendered determination of the pyridine—nitrosy] chloride phase diagram inaccurate 
below —60°, yet the pyridine-dinitrogen tetroxide compound melts above 0°.° The 
absence of compound formation with nitrosyl chloride therefore gives positive evidence 
that the solid compounds with dinitrogen tetroxide are not ionic in character. 
Comparison with Other Electron Acceptors.—Two other electron acceptors, oxalyl 
chloride and iodine, give molecular addition compounds with typical ‘onium and x donors 
- ae A 
in HT atte, of 0 
which resemble those described in this paper. The two molecules (V) and (V1) are electron- 
ically analogous, and will show some similarity in the orbitals formed and in their electron 
deficiency. A 1: 1 compound between 1 : 4-dioxan and oxalyl chloride is known.’* This 
compound, separated by mixing the components in light petroleum at —5°, is stable in 
a closed system and melts at 68°. The m. p. of the N,O, compound, 45”, is also unusually 
high. No compounds with diethyl or diisopentyl ether were observed, but may be found 
at sufficiently low temperatures. Infrared, ultraviolet, and Raman spectra also suggest 
the existence of a 1:1 benzene—oxalyl chloride complex.” Iodine forms addition com- 
pounds with ‘onium and with « donors such as the heterocyclic amines, esters, ketones, 
ethers, and aromatic hydrocarbons. The type of bonding in these compounds has been 
discussed in detail by Mulliken,” *! and the concept of charge-transfer bonding forces is 
as applicable to dinitrogen tetroxide as to iodine. There are also features in the ultra- 
violet absorption spectra of dinitrogen tetroxide-donor mixtures (to be discussed in a 
later paper) which resemble the corresponding iodine systems. Other broad similarities 
should be noted; each is capable of dissociating either into two identical uncharged units 
or into an anion and an electron-deficient cation : 


|, ———® 2 or (I* + In) N,O, ——® 2NO, or (NO? + NO,~) 


(V1) 


rhe addition compounds in each case are mostly molecular, but a small concentration of 
the ions (PyI* +- I>) is thought to exist in solutions of iodine in pyridine,*" just as a small 
quantity of ionic dinitrogen tetroxide complex almost certainly exists in mixtures with 
strong ‘onium donors. 


EXPERIMENTAL 

Liquidus Curves.-Supercooling is common in these systems, and the f. p.s recorded in Figs. 
1-8 were therefore determined from breaks in warming curves. The solution (about 5 g.) was 
contained in a 3” x 4” tube; the comporents were weighed directly into the tube, care being 
taken to minimise contact with the atmosphere, The tube was closed by a Silicone rubber 
plug carrying a mercury or alcohol (depending on the temperature) thermometer, and the 
solution stirred by movement of the thermometer. The thermometers were calibrated with 
pure liquids of known f. p. The solution was partially frozen (with constant stirring) by 
immersing the tube in alcohol cooled by solid carbon dioxide, or in liquid air. The tube was 
then transferred to an air-bath surrounded by a liquid (water, or alcohol-solid carbon dioxide) 
at such a temperature (a little above the expected f, p.) that melting was sufficiently slow to 


'' Lewis and Wilkins, ]., 1955, 56. 

'* Varvoglis, Ber., 1938, 71, 32. 

'* Saksena and Kagarise, /. Caem. Phys., 1951, 19, 994. 

* Mulliken, J, Amer, Chem. Soc., 19560, 72,600; 1962, 74, 811; J. Phys. Chem., 1952, 56, 801. 
** Mulliken and Reid, /. Amer. Chem. Soc., 1954, 76, 3869. 
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give accurate warming curves. When decomposition of the solution was negligible its concen- 
tration was then altered by addition of one of the components; whenever slight decomposition 
occurred, cach f, p, was Cetermined on a fresh mixture, 

Purification._-The compounds used as electron donors are readily available liquids having 
known physical constants. Each liquid was scrupulously purified immediately before use. 
As water on mixing with dinitrogen tetroxide gives nitric acid, which accelerates decomposition 
of the mixtures, liquids were carefully dried. 

Stability of Mixtures.—Most organic compounds are attacked by dinitrogen tetroxide given 
sufficient time, and certain liquids (e.g., olefins, amines, phenols) which would have been of 
interest as donors could not be studied because of rapid reaction even at low temperatures, 
Reaction with the following liquids was not detectable at room temperature during several 
hours: acetic acid, dimethylnitrosamine, N-nitrosopiperidine, methyl cyanide, phenyl cyanide, . 
nitrobenzene, 1-chloro-2-cyanoethane, ethyl] benzoate, cyclohexane, benzene, and chlorobenzene, 
The other donors used showed some attack (oxidative degradation of aliphatic compounds, 
and nitration of aromatic compounds) at room temperature. In each case nitric acid is produced, 
and the rate of reaction increases with time. Pure acetone, for example, mixes with dinitrogen 
tetroxide to give a red-brown solution at room temperature. Within a few minutes a green 
colour develops, nitric oxide is evolved, and the temperature rises at an increasing rate; 
eventually the solution boils, 

Chemical reaction between such donor liquids and dinitrogen tetroxide is highly dependent 
on temperature, and can be almost entirely inhibited by reducing the temperature, The solids 
appear to be stable indefinitely. At the low temperatures at which the freezing points (Figs, 
1-8) were obtained, chemical reaction was always negligible; this was confirmed by the fact 
that f. p.s did not change with time provided the solutions were kept cold. Freezing points of 
acetone mixtures (for example) were obtained by adding approximately the required amount 
of the tetroxide to a weighed quantity of cold acetone. The mixture was rapidly cooled, and 
the f. p. determined. The mixture was then allowed to warm to room temperature, weighed, 
and discarded. 

At room temperature acetophenone and benzaldehyde were slowly attacked. Reaction 
with benzyl cyanide, to produce nitrobenzoic acids, is apparent after a few days, Methyl- 
and ethyl-phenylnitrosamines are attacked rapidly, and the p-nitro-compound has been 
isolated in large yield. p-Xylene, mesitylene, and tetrahydronaphthalene show some reaction 
after several minutes, and a dark lower liquid layer separates. Reaction with these three 
donors can be prevented by immediately cooling the fresh solutions, so that the observations 
made earlier on colour at low temperatures are not complicated by chemical reaction. 


The authors are indebted to the Department of Scientific and Industrial Research for a 
maintenance grant to one of them (J.C. S.). 
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381. T'riterpenoids. Part XLIX.* The Constitution of the Ester 
‘y3H yO, obtained by Oxidation of Methyl Glycyrrhetate Acetate. 
By Grorce Brownie and F. S. Sprine. 

The formula (I) t proposed by McKean and Spring for the acetate 
CygH yO, (O, acetate) obtained by the oxidation of some #-amyrin acetate 


derivatives is supported by a study of the analogous ester, Cy,H,,O, (IX), 
obtained from methyl glycyrrhetate acetate. 


McKEAn and SprinG ! suggested that the constitution of the acetate, CygH 4,0, (O, acetate), 

obtained in high yield by the oxidation of several ¢-amyrin derivatives, is represented 

by (I).¢ This proposal is supported by the behaviour of the O, acetate with methanolic 

potassium hydroxide when an af-unsaturated lactone ester, Cy,;Hy,O,, formulated as (I1),¢ 

is obtained, vigorous alkaline hydrolysis of which gives an amorphous acid characterised 
* Part XLVIII, J., 1956, 1377. 


The configuration at C.,,, shown in (I) is suggested in this paper. 
The configurations at Cy, and C,,,) (or Cyy»)) in (IT), (111), and (LV) are discussed later in this paper 


McKean and Spring, J., 1954, 1989. 
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as the crystalline saturated dimethyl-oxo-ester, Cy,H,;,0,, represented by (III). The 
expression (1) affords a satisfactory interpretation of the conversion of the O, acetate into 
a hydroxy-diketone, CygH gO, (LV), the formation of which is attributed to hydrolysis of 
the 4-acetate and the #y-unsaturated lactone groups with spontaneous decarboxylation of 
the resulting $-oxo-acid (1Va). A possible mechanism for the conversion of oleanane 
derivatives into the O, acetate, attributed to R. B. Woodward, has been outlined by 
Yates and Stout.” 


(Va) (WV) 


Oxidation of methyl glycyrrhetate acetate (V)* with selenium dioxide gives an ester, 
Cy sH,O,, previously prepared by Jeger, Norymberski, and Ruzicka* from methyl 36- 
acetoxyoleana-11 : 13(18)-dien-30-oate (VI) and methyl 36-acetoxyolean-13(18)-en-30- 
oate (VII) by oxidation with chromic acid and by oxidation of methy! 36-acetoxy-11-oxo- 
oleana-12 ; 18-dien-30-oate (VIII) with selenium dioxide, The ester, Cy,H,,0,, resembles 
the O, acetate in giving a faint yellow colour with tetranitromethane and in its ultraviolet 
absorption which shows a broad band near 2300 A (¢ 4400), These properties, its molecular 
formula, and the methods by which it is prepared support the view that it has a structure 
analogous to that of the O, acetate and this view is confirmed by the reactions described 
below; if the O, acetate is correctly represented by (I), the ester, Cy3H,,O,, from 
glycyrrhetic acid is (TX). 

Treatment of the ester Cy,H,,O, (IX) with methanolic potassium hydroxide or with 
methanolic sodium methoxide gives, in good yield, a crystalline acid, Cy3,Hy,O,. In 
addition to a carboxyl group, this compound contains a methoxycarbonyl! and a hydroxy! 
group and it was characterised by the preparation of an acetate dimethyl ester, C,,H 590, 
In addition, the acid, Cy,H,,0,, contains an «6-unsaturated lactone group as shown by the 
absorption spectrum (Am, 2240 A; ¢ 11,000) and by a positive Legal test. These properties 
and its method of formation show that it is an analogue of the «$-unsaturated lactone 
ester (I1) obtained from the O, acetate and that its formula is to be derived from that of 
(11) by the replacement of the 30-methyl by a carboxyl group. We prefer the formula (X) 
rather than that of the isomer in which Cygg) is a methoxycarbonyl group and C,,,) a carboxyl 
group because the methyl ester (II) is the major product obtained by treatment of the O, 
acetate with methanolic potassium hydroxide. On the assumption that ring & in the 
derived acetate dimethyl ester (Xa) has the chair conformation, the 30-methoxycarbony] 

* Yates and Stout, ]. Amer. Chem. Soc., 1954, 76, 5112 


* Beaton and ee ]., 1955, 3126 
* Jeger, Norymberski, and Ruzicka, Helv. Chim. Acta, 1944, 27, 1532. 
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group is equatorial and, in analogy with the behaviour of methyl 18«-glycyrrhetate,? 
relatively easy hydrolysis of this group is expected; treatment of the acetate dimethyl 
ester (Xa) with 4% alcoholic potassium hydroxide regenerates the monomethy]l ester (X). 
In our opinion, the stability to alkali of the methoxycarbonyl group in both (II) and (X) 


CO,Me _ CO.Me , CO.Me _ CO,Me 


(Vit 


(XT 


(XV) 


shows that it is axially bound and that this is the more stable of the two possible arrange- 
ments at Cw. The C@-axial ester (XI) derived from oleanolic acid is known to be more 


stable than its C,-epimer.® 
An attempt was made to confirm the formula (X) for the acid, C,,H4gO,, by alkaline 


* Gutmann, Jeger, and Ruzicka, Helv, Chim. Acta, 1051, 94, 1164; Barton, Chem. and Ind., 1053, 664 
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hydrolysis using forcing conditions in the hope that the saturated oxo-dicarboxylic acid 
(XI11) would be formed via the unstable oxo-tricarboxylic acid (XII). The attempt was 
not conclusive because the acid product is not crystalline and does not give crystalline 
derivatives. Proof of the proximity of the enol lactone and the methoxycarbony! group 
in the O, ester was obtained by hydrolysis of this compound with aqueous-alcoholic alkali, 
a crystalline hydroxy-diketone, C,,H,,O,, being isolated in good yield. The infrared 
absorption of the hydroxy-diketone (XV), which was characterised as its acetate C,,H,,O,, 
contains bands at 1720 (5-ring ketone) and at 1702 cm.~! (6-ring ketone), values in good 
agreement with those observed ! for the higher homologue (IV). In each case the 5-ring 
carbonyl! band is at a lower frequency than usual. The formation of the saturated hydroxy- 
diketone (XV) from the O, ester proves that the unsaturated lactone group in the latter 
is derived from the enol form of a 19-oxo-oleanane derivative and supports the formula (1) 
for the O, acetate. 

In our opinion, the lactone-carbonyl group in the O, acetate is «-oriented because only 
this arrangement will allow the junction of the two fragments A/B and p/kr/¥ through a 
methylene group bridging Cw and Cag, with either a- or §-configuration at Cy). 
rhe configuration at Cg in the O, acetate is the more stable arrangement because the 
compound is recovered unchanged after prolonged treatment with mineral acid.* Although 
we have given reasons for the view that the 9-methoxycarbony] groups in (II) and (X) 
are «orientated, it does not follow that the 9-hydrogen atoms in the parents (I) and (IX) ! 
are (-orientated, since inversion at Cy may accompany, precede, or follow methanolysis 
ofthe lL: 13 bond. As stated above, if ring & in the lactone (X) has the chair conformation, 
the carboxyl group ($) is equatorial, a conclusion supported by the ease of hydrolysis of 
the corresponding ester; it follows that the 19-hydrogen atom in the lactones (II) and (X) 
is B-orientated since the equatorial C,,,-bond must be part of the unsaturated lactone ring. 
We provisionally represent the 18-hydrogen atom in (XV) and (IV) as «-orientated because 
of the relative ease with which the 30-methoxycarbonyl group in ([X) is hydrolysed by 
aqueous alkali, a property which suggests that in the intermediate (XIV) the methoxy- 
carbonyl group is equatorial. This allocation is provisional because hydrolysis of the 
methoxycarbonyl group may be facilitated by the neighbouring carbonyl group. 


EXPERIMENTAL. 

Specific rotations were measured in CHCl, solution in a l-dm. tube at room temperature, 
and ultraviolet absorption spectra were measured in EtOH. 

Ester, CygHygO, (LX).—A solution of methyl glycyrrhetate acetate (m. p. 300-—302°, [a], 
| 147°; 15g.) in glacial acetic acid (400 c.c.) was refluxed with selenium dioxide (15 g.) for 
24hr. After filtration, the solution was again treated with selenium dioxide (15 g.) and refluxed 
for 24 hr. The product was isolated in the usual way and crystallised from chloroform 
methanol, to give the ester (7-0 g.) as needles m. p. 288—290°, [a], + 2-4° (¢ 3-5), Ana, 2260 A 
(e 440) (Found: C, 71-7; H, 84, Cale. for C,,HyO,: C, 71-4; H, 84%). Jeger et al.“ give 
m. p. 285-286", [a], +4°, + 2-6° for this compound, 

Acid, Cy,Hy0, (X).—(a) A solution of the ester, C,,H,,O, (2-5 g.), in 5% methanolic 
potassium hydroxide was refluxed for 3 hr. The product was separated into neutral and acid 
fractions in the usual way, The neutral fraction is described below. Crystallisation of the 
acid fraction from acetone—light petroleum gave the acid, Cy,H,,O,, m. p. 206-——208°, [a},, —2°, 

17° (¢ 2-0, 5-0), Aye 2240 A (e 11,000) (Found: C, 70-1; H, 90; OMe, 6-1. CygHyOeOCH, 
requires C, 70-2; H, 87; OMe, 585%). The acid does not give a colour with tetranitro- 
methane 

(6) A solution of the ester, C,,M,,O, (1 g.), in methanolic sodium methoxide (50 c.c. of 
methanol; 2 g. of sodium) was refluxed for 64 hr. The product was separated into acid and 
neutral fractions in the usual way; the latter is described below. The acid fraction (730 mg.) 
crystallised from acetone-light petroleum as needles, m. p. and mixed m. p. 206-——-208°, (a), 

2-2° (¢ 4-0), 

Acetate Dimethyl Ester CyHygO, (Xa).—The acid, C,,H,,0, (250 mg.), in pyridine (5 c.c.) 
and acetic anhydride (5 c.c.) was kept at 100° for 2 hr. The acetylated product was isolated 
in the usual way and its solution in ether treated at 16° with an excess of diazomethane and 


* Mower, Green, and Spring, /., 1044, 256, 
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kept overnight. The neutral product crystallised from acetone-light petroleum, to give the 
acetate dimethyl ester as needles, m, p. 204—205°, {a}, —1-4° (¢ 4-0), Amar, 2230 A (e 12,700) 
{Found : C, 69-4; H, 8-7; OMe, 10-8, C,,H,,O,(OCH,), requires C, 69-6; H, 8-6; OMe, 10-8%)}, 
A mixture with the acid, C,,H,,O,, had m, p. 183-195". A solution of the acetate dimethyl 
ester (800 mg.) and potassium hydroxide (1 g.) in 80°, aqueous methanol (25 c.c.) was heated 
under reflux for 13 br. The solution was diluted with water, then extracted with ether, and 
the extract evaporated. A negligible amount of neutral fraction was obtained. The acid 
fraction was isolated in the usual way and crystallised from acetone-light petroleum, to give 
the acid, C,,H,,O, (X) (750 mg.), as needles, m, p. and mixed m. p, 206-—208°, [a],, —2° (e 2-0), 

Conversion of the O, Ester (UX) into the Hydroxy-diketone, CygHyO, (XV).—(a) Aqueous 
potassium hydroxide (33% ; 30 c.c.) was added to a solution of the O, ester (2 g.) in methanol 
(170 c.c.), and the solution refluxed for 8 hr. After dilution with water, the neutral fraction 
was isolated by ether-extraction and crystallised from methanol, to give the hydroxy-diketone 
(800 mg.) as needles, [a], +124° (¢ 1-5) (Feund: C, 784, 78:3; H, 10-4, 10-4. CysHyO, 
requires C, 78:45; H, 10-36%). It does not give a colour with tetranitromethane, The 
hydroxy-diketone separates in a solvated form, m, p. 125-—-130°, from methanol. On drying 
in a high vacuum, or on sublimation, the unsolvated form has m. p. 173-—175°. 

The hydroxy-diketone was heated with acetic anhydride and pyridine at 100° for 1} br, 
The acetate diketone crystallised from methanol as needles, m. p. 171-——173° {after sublimation 
in a vacuum), [a], +119° (¢ 1-0) (Found: C, 76-8; H, 9-85. CygH,.O, requires C, 76-55; 
H, 985%). 

(b) The neutral fractions obtained during the preparation of the acid, C,,H,,O, {methods 
(a) and (b)) were crystallised from aqueous methanol from which the hydroxy-diketone separates 
as needles (i) (350 mg.) m. p, 125—-130° (170—173° after drying in a vacuum), [a], + 126° 
(c¢ 0-9), (ii) m. p. 125—130° (171—173°, after drying in a vacuum), {a)p -+- 125° (¢ 1-2). 


We thank the Colonial Products Council for a Scholarship (to G, B.), Dr, A. C, Syme and 
Mr. Wm. McCorkindale for the microanalyses, and Dr. G, Eglinton for the infrared absorption 
spectrum. 
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382. An Anomalous Reaction of 4: 6-Dichloro-5-nitropyrimidine, 
By F. L. Rose and D. J. Brown. 


The condensation of 4 ; 6-dichloro-5-nitropyrimidine with excess of diethyl 
malonate, previously described by analogy with closely related reactions as 
affording diethyl 4-chloro-5-nitro-6-pyrimidinylmalonate, has now been shown 
to give unexpectedly diethyl 5-amino-4 : 6-dichloro-2-pyrimidinylmalonate as 
a major product, Ethyl acetoacetate and acetylacetone react in a similar 
anomalous manner. 


A PREVIOUS communication ! described the reaction of several chloronitropyrimidines of 
type (I) (R' = Me, R* = Cl; R?! = Cl, R* = Me; and R! = NH,, R® = Me) with excess 
of diethyl malonate, usually dissolved in organic solvents, and with aqueous sodium 
hydroxide as the condensing agent, to give the corresponding nitropyrimidinylmalonic 
esters (II). The structure of the latter compounds was established by elementary analysis, 
by destructive hydrolysis of the malonyl residue to methyl, and by reduction of the nitro- 
to the amino-group followed by intramolecular condensation to give the triazaindan-2- 
ones (III), or, through diazotisation, the tetra-azaindene-3 ; 3-dicarboxylic esters (IV). 
A single experiment was included in which diethyl malonate was caused to react with the 
5-nitropyrimidine ([; R? = H, R* =: Cl), unsubstituted in the 2-position. The product 
had the usual low melting point, and elementary analysis for carbon, hydrogen, and nitrogen 
agreed approximately with those for the expected substance (Il; R* « H, R* = Cl), In 
addition, hydrolysis with hydrochloric acid gave an alkali-soluble derivative which showed 
tolerable analytical accord with the hydroxymethylpyrimidine (V), isolated as the mono- 
hydrochloride monohydrate. No further investigation of these substances was made at 


1 Rose, J., 1964, 4116 
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the time. More recently, the 6-chloropyrimidine corresponding to (V) was required, but 
analysis of the compound obtained by the action of phosphory! chloride indicated that it 
might be an aminodichloromethylpyrimidine. The entire chlorine content was non-ionic. 
More complete analysis of the hydrolysis product, allegedly (V), agreed with an aminochloro- 
hydroxymethylpyrimidine structure, while a similar re-investigation of the primary 
condensation product of the chloride (I; R! = H, R® = Cl) with diethyl malonate indicated 


N N 
wi | ral ny | CH(CO;Et), 

Re 
(i) (IV) 


N N N 
‘g Cl LCH(COpEt), (Et0,6),HC(7 | ral Mop | rel 
Nw NH, Nw NH, Nw NH, 

Ci ra OH 

(V1) (Vi) 


the presence of one amino- and one diethyl malonate residue and two (non-ionic) chlorine 
atoms, associated with the pyrimidine nucleus (cf. VI). Addition of sodium nitrite to an 
acidified solution of this compound (VI) in acetone gave a solution from which a red colour 
was obtained with alkaline R-salt, thus establishing the almost certain presence of a 
diazotisable amino-group in position 5, and from which it followed that the malonyl group 
must occupy the remaining position 2, as in (VII). The hydrolysis product therefore had 
the structure (VII!), and the corresponding dichloropyrimidine had structure (IX). This 
presumed orientation was confirmed by proving the identity of the amines (VIII) and (IX) 
with authentic materials prepared from acetamidine.* 


EctO iG 


N N N 

us Ci Me-CO*HC(~ N° (Me-CO), HE N°" 

Nw Wan, Nw NH), N~ NH, 
ral CI 


(IX) (X) 


N N 
‘ni * le EH(COzEL),  —_-(EKOC),HC7 ie 
Nx JNO, Nx JNO 

cl Ci 


(Xt) 


N 
(EO,C),HC (7 Cl 
(XH) + CHy(COsEt, —> | 
N~ N:C(CO, Et), 


Cl 


The compound (I; R! « H, R® = Cl) has now been shown to react in the same 
unexpected manner with ethyl acetoacetate and acetylacetone in the presence of aqueous 
sodium hydroxide giving dichloropyrimidines which contained diazotisable amino-groups 
and gave analyses correct for structures (X) and (XI) respectively. On the other hand, 
no such reaction occurred between diethyl malonate and 5-amino-4 : 6-dichloro-, 4 : 6-di- 
methoxy-5-nitro-, or 4: 6-dihydroxy-5-nitro-pyrimidine. 


* Albert, Brown, and Wood, /., 1954, 3832 


(1956) 4 : 6-Dichloro-5-nitropyrimidine. 1955 


From the above investigations it seemed evident that the apparently anomalous 
behaviour of the 4 ; 6-dichloro-5-nitropyrimidine was primarily due to the suceptibility of 
the 2-position to nucleophilic attack, mediated through electron-withdrawal at that point 
by the ring-nitrogen atoms and reinforced by the nitro-group. The inductive influence of 
the chlorine atoms in position 4 and 6 would also contribute, In the presence of sodium 
hydroxide, substitution might therefore be expected by the diethyl malonate anion, and in 
such a case the preferred mechanism would be by simultaneous intramolecular reduction 
of the nitro- to a nitroso-group 8 (reaction a). Further reduction of the nitroso- to an amino- 
group then seems not unreasonable through the reaction series (5), the final stage occurring 
on acidification. That direct nucleophilic substitution of the 2-position should be preferred 
to reaction with an active chlorine atom is not unknown, since, for example,‘ 4-chloro-6- 
methoxyquinoline reacts with m-chlorophenyl-lithium at position 2. When, however, the 
positive nature of the 2-position of the pyrimidine (1; R' = H, R* = Cl) is sharply 
decreased by substituting hydroxy-groups for chlorine atoms, the nucleophilic reaction 
might be expected to fail, in accord with experimental observation. It also fails when the 
chlorine atoms are replaced by methoxyl groups. 


EXPERIMENTAL 


Diethyl 5-Amino-4 : 6-dichlovo-2-pyrimidinylmalonate..-The experiment described in the 
previous communication ! was repeated. The product (previously described as diethyl 4-chloro- 
5-nitro-6-pyrimidinylmalonate) had m. p. 101—103° and showed one spot on a butanol-acetic 
acid paper chromatogram in ultraviolet light (Found: C, 41-0; H, 40; O, 197; N, 12-9; 
Cl (non-ionic), 22-15. C,,H,,;0,N,Cl, requires C, 41-0; H, 4-1; O, 19-9; N, 13-0; Cl, 22.0%), 

Rose ! found for the same product: C, 40-9; H, 4:1; N, 136%. A solution in acetone, 
when treated successively with dilute hydrochloric acid and sodium nitrite, gave a strong red 
colour with alkaline R-salt. 

5-Amino-4-chloro-6-hydroxy-2-methylpyrimidine.—(a) From the above ester, Ester (2-5 g.), 
concentrated hydrochloric acid (7-5 ml.), and water (5 ml.) were refluxed for 90 min, The 
hydrochloride remaining after vacuum-evaporation was suspended in water (5 ml.). The pH 
was adjusted to 4, and the precipitate twice recrystallised (carbon) from water (15 parts), to give 
a faintly yellow product (1-0 g.), m. p. 231—-233° [Found : C, 37-3; H, 3-7; O, 10-4; N, 26-1; 
Cl (non ionic), 22-45. C,H,ON,CI requires C, 37-6; H, 3-8; O, 10-0; N, 26:3; Cl, 22-2%). 

(b) From 5-amino-4 ; 6-dichloro-2-methylpyrimidine. The dichloro-compound * (0-5 g.) was 
refluxed for 1 hr, with 24% hydrochloric acid. Treatment as above gave the same yellow 
product (0-25 g.), m. p, and mixed m. p, 231°. 

5-Amino-4 ; 6-dichloro-2-methylpyrimidine..-The above hydroxy-compound (1 g.), phos- 
phoryl chloride (5 ml.), and diethylaniline (1-0 ml.) were refluxed for 1 hr, About 3 ml. of 
phosphoryl] chloride were distilled off in a vacuum and the residue stirred with ice and water for 
20 min. The solution was extracted with ether (3 x 20 ml.), adjusted in pH to 3, and 
re-extracted. The residue after evaporation of all extracts was boiled with water (2 ml.), then 
cooled, and the dried crystalline product was sublimed (60°/0:1 mm.), giving 0-15 g. of the 
dichloro-compound, m, p. and mixed m, p. 70-—-71° (Found: C, 33-75; H, 2-65; N, 23-5; Cl, 
40-15. Calc, for C;H,N,Cl,: C, 33-75; H, 2-8; N, 23-6; Cl, 39-85%), 

Ethyl «-(5-Amino-4 : 6-dichloro-2-pyrimidinyl) acetoacetate, : 6-Dichloro-5-nitropyrimidine 
(4-8 g.) was dissolved in ethyl acetoacetate (10 ml.) at 40°. Water (50 ml.) was added, followed 
during 3 min. by 11n-sodium hydroxide (15 ¢.c.) with vigorous stirring, at 30-—35°, After a 
further 10 min. the solution was adjusted to pH 4 with concentrated hydrochloric acid, The 
semisolid estey hardened when shaken with light petroleum (b. p, 60--80°) to remove excess of 
ethyl acetoacetate, and was collected (2-1 g.; m. p. 93-95"). It gave very pale yellow crystals, 
m. p. 102--104°, when crystallised successively from benzene-light petroleum and methanol 
(Found : C, 41-5; H, 3-9; N, 13-5; Cl, 23-6. Cy gH,,O,N,Cl, requires C, 41:1; H, 3-8; N, 14-4; 
Cl, 24:3%). The product was freely soluble in cold benzene, chloroform, ethanol, methanol, and 
acetone. A solution in the last solvent could be diazotised and coupled with alkaline R-salt. 

3-(5-Amino-4 ; 6-dichloro-2-pyrimidinyl)acetylacetone,—11n-Sodium hydroxide (15 ml.) was 
added during 5 min. with vigorous stirring to a solution of 4: 6-dichloro-5-nitropyrimidine 
(4-8 g.) in acetylacetone (8 ml.) and ether (30 ml.) at 30-32”. After a further 7 min. the aqueous 


* Bunnett and Zahler, Chem. Rev., 1951, 49, 273 
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layer was separated and made acid with acetic acid. The precipitated crude diketone (1 g.) 
crystallised from toluene in large very pale yellow plates, m. p. 181-—-183° (Found; C, 41-2; H, 
49; N, 16-1; Cl, 27-4. CyH,O,N,Cl, requires C, 41-2; H, 3-4; N, 16-0; Cl, 27-1%). The 
presence of a diazotisable group was demonstrated as described above (violet coloration). 

4: 6-Dimethoxzy-b-nitropyrimidine.-4 : 6-Dichloro-5-nitropyrimidine (4-8 g.) in methanol 
(40 ml.) was added portionwise, at 28---32°, to methanol (50 ml.) in which sodium (2-3 g.) had 
been dissolved. The nitropyrimidine (4 g.) crystallised and was collected and washed with 
water. It formed pale yellow needles (from butanol), m. p. 173--174° (Found: C, 38-5; H, 
38; N, 22-9. CgH,O,N, requires C, 38-9; H, 3-8; N, 227%). 

One of the authors (D. J. B.) thanks Mr. P. R, W. Baker, Beckenham, for some of the 
analyses. 
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383. Griseofulvin. Part X.* The Orientation of Some 
Derivatives of 5-Methoxyresorcinol. 


By Joun Freperick Grove, P. W. Jerrs, and D. W. Rustiper. 


Mononitro-, monochloro-, and dichloro-derivatives of 5-methoxyresorcinol 
have been prepared, and their structures established. 


OxIENTATION Of the monochloro-derivatives of 5-methoxyresorcinol (I; R= R’ : 
Ix’ — H) was required in connection with synthetic work related to the structure of 
griseofulvin and in problems arising out of the biological degradation of griseofulvin. The 
methods employed were similar to those used by Grove, MacMillan, Mulholland, and 
Zealley ' for the orientation of the monochloro-derivatives of 3 : 5-dimethoxyphenol. 
§-Methoxyresorcinol in ether or boiling chloroform with sulphuryl chloride gave the 
4-cliloro-compound (I; R = Cl, R’ = R” = H), m. p. 183°, and, in low yield, the 2-chloro- 


derivative (I; R’ = Cl, R = R” « H), m. p. 74°; in chloroform suspension at room tem- 
perature the 2: 4-dichloro-compound (I; R = R’ = Cl, R” = H) was also formed. The 
same dichloro-compound was produced by further chlorination with sulphuryl chloride 
of both the 4- and the 2-chloro-derivative, The structure of the 2 : 4-dichloro-compound 
was established by the last reaction and confirmed by the unambiguous synthesis of the 
4: 6-dichloro-derivative (see below). The structures of the monochloro-compounds were 
established in three ways, as follows. 

Kirst, chlorination of methyl 2 ; 6-dihydroxy-4-methoxybenzoate (I; R’ = CO,Me, 
kk == RK” - H) gave the 3-chloro-ester which was hydrolysed by sulphuric acid at 70° to 
the corresponding acid, which on decarboxylation with copper chromite in quinoline 
afforded 4-chloro-5-methoxyresorcinol, m. p. 183°. 

Secondly, the mononitro-5-methoxyresorcinols were prepared and orientated and 
related to the chloro-derivatives. Nitration of 5-methoxyresorcinol gave the steam- 
volatile 2-nitro-compound ([; R’ =~ NO,, R= R” =H); the 4-nitro-compound (I; 


* Part IX, J., 1954, 2585. 
' Grove, MacMillan, Mulholland, and}Zealley, J., 1952, 3967. 
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R = NO,, R’ = R” = H) was also isolated from the material not volatile in steam. 
Reduction of the 4-nitro-compound gave the amine whose structure as the 4-amino- 
derivative was confirmed by oxidation with ferric chloride to 2-hydroxy-6-methoxy-p- 
benzoquinone.* No product could be isolated on oxidation of the 2-amino-derivative 
under identical conditions. Direct conversion of the amino-cerivatives into the chloro- 
compounds was not attempted. Attempts to convert the amine (1; R = H, R’ = NHg,, 
R” = CH,Ph), obtained by reduction of the dibenzy! ether of the 2-nitro-compound, into 
the dibenzyl ether of 2-chloro-5-methoxyresorcinol by the Sandmeyer reaction were 
unsuccessful, but the nitro- and the chloro-5-methoxyresorcinol were linked by the following 
reactions. Chlorination of 2 ; 6-diethoxy-4-methoxynitrobenzene (I; R = H, R’ = NO,, 
R” = Et), obtained by ethylation of 5-methoxy-2-nitroresorcinol, gave the 3-chloro- 
derivative (I; R = Cl, R’ = NO,, R” = Et) which was reduced by dithionite to 3-chloro- 
2 : 6-diethoxy-4-methoxyaniline (I; R=Cl, R’ = NH, R”’ = Et). Diazotisation, 
followed by elimination of the amino-group gave 1-chloro-2 : 4-diethoxy-6-methoxy- 
benzene (1; R = Cl, R’ = H, R” = Et), identical with the compound obtained by ethyl- 
ation of 4-chloro-5-methoxyresorcinol. 

Finally, methylation of 4-chloro-5-methoxyresorcino] with one mol. of diazomethane 
in ether gave, as sole product, 4-chloro-3 : 5-dimethoxyphenol (II; R = R” «= H, 
R’ = Cl) of established structure.! 

Further chlorination of methyl 3-chloro-2 : 6-dihydroxy-4-methoxybenzoate with 
sulphury] chloride in chloroform at 80° or in chloroform containing 1°%, of ethanol at room 
temperature (cf. Barnes, Hirschler, and Bluestein *) gave the 3: 5-dichloro-ester. Loss 
of halogen during decarboxylation of the corresponding acid with copper chromite in 
quinoline at 180° led to 4-chloro-5-methoxyresorcinol. 4 : 6.Dichloro-5-methoxyresorcinol 
was, however, obtained in good yield by heating 3 : 5-dichloro-2 ; 6-dihydroxy-4-methoxy- 
benzoic acid in nitrogen at the melting point. 4: 6-Dichloro-5-methoxyresorcinol was 
not identical with the dichloro-derivative obtained by direct chlorination of 5-methoxy- 
resorcinol. 

Grove et al.' isolated and identified the 2- and the 4-nitro-derivative and 2: 6- 
dimethoxy-p-benzoquinone among the products of nitration of 3: 5-dimethoxyphenol ; 
two other nitro-compounds were also obtained in very low yield and have now been 
identified as 2- and 4-nitro-5-methoxyresorcinol. They are presumed to have been 
produced by nitration of 5-methoxyresorcinol present as impurity in the 3 ; 5-dimethoxy- 
phenol, rather than by demethylation during the reaction. 

Acetylation of amino-phloroglucinol ethers under reflux with acetic anhydride frequently 
leads to the formation of NN-diacety] derivatives. Where interpretation of the analytical 
data is difficult, infrared spectra can be used to distinguish between the monoacetyl and 
the diacetyl structures. Thus the former type shows an ~NH stretching frequency close 
to 3300 cm.~ (solid state) and C=O absorption near 1650 cm.~! (amide C=O), while the 
latter type has no >NH absorption and the C=O absorption is displaced to ca. 1715 cm,,). 
By this means the acetyl derivatives of 2- and 4-amino-3 : 5-dimethoxyphenol ! have been 
shown to be the triacetyl compounds (I1; R = NAcy, R’ «= H, R” = Ac) and (IL; R = H, 
R’ = NAc,, R” = Ac), respectively. 


EXPERIMENTAL 


Microanalyses are by Messrs, W. Brown and A. G. Olney. M.p.s are corrected, In 
chromatography, B.D.H. alumina was rendered alkali-free (pH 4) and activated at 250°/15 mm. 
for 2hr. Infrared spectra (Nujol “ mulls ’’) were determined by Dr, L. A. Duncanson. Ultra- 
violet data refer to EtOH solutions. 

Chlorination of 5-Methoxyresorcinol,—{a) In ether at room temperature, 5-Methoxyresorcinol 
(5-0 g.) in dry ether (75 ml.) was treated dropwise with stirring with sulphury! chloride (5-3 g.) 
in ether (20 ml.). After 6 hr., concentration of the clear solution afforded (i) a solid (3-8 g., 
61%; m. p. 183°), and (ii) a gum which was dissolved in benzene-light petroleum (b, p. 60-80”) 


Pollak and Gans, Monatsh. , 1902, 23, 947. 
* Barnes, Hirschler, and Bluestein, J. Amer. Chem. Soc., 1952, 74, 4091. 
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(10:1; 100 ml.) and chromatographed on alumina (20 x 15 cm.). The oily fractions eluted 
with benzene-light petroleum (b. p. 60-——80°) (10:1; 50 ml.), benzene (56 ml.), and benzene- 
methanol (99:1; 100 ml.) were combined and twice distilled; the colourless distillate, b. p. 
689° /0-1 mm., solidified after 1 week at 0° and crystallised from light petroleum (b. p, 60-—80°) 
in needles, m. p. 74° (20 mg., 03%), of 2-chloro-5-methoxyresorcinol (1; R’ = Cl, R = R” = H) 
(Found: C, 483; H, 41; Cl, 20-0, C,H,O,Cl requires C, 48-2; H, 4-0; Cl, 20-3%). Ultra- 
violet absorption max.: 273 my (e610), The dibenzyl ether formed prisms, m. p. 97--98°, from 
light petroleum (b. p. 60-—80°) (Found: C, 70-7; H, 5-4; Cl, 10-1. C,,H,,0,Cl requires 
C, 71-1; H, lead; Cl, 10-0%,) + it was insoluble in 2n-sodium hydroxide. 

The solid (i) was sublimed at 110-—130°/0-1 mm. and crystallised from benzene~methanol, 
giving 4-chlovo-5-methoxyresorcinol (1; R = Cl, R’ = R” = H) as prisms, m. p. 183° (Found : 
C, 47-9; H, 41; Cl, 21-1; OMe, 18-1. C,H,O,Cl requires C, 48-2; H, 4-0; Cl, 20-3; OMe, 
17-8, Ultraviolet absorption max,: 275 my (e 670). The dibenzyl ether crystallised from 
ethanol in prisms, m, p. 74—-75° (Found: C, 71:3; H, 5-6; Cl, 10-0%): it was insoluble 
in 2n-sodium hydroxide 

(b) Jn chloroform at 61°, 5-Methoxyresorcinol (2-5 g.) in boiling chloroform (30 ml.) was 
treated dropwise with sulphuryl! chloride (2-5 g.) in chloroform (10 ml.) during 30 min. After 
4 hours’ heating under reflux the mixture was left at room temperature for 48 hr. and the 
insoluble 4-chloro-derivative (1-75 g., 56%; m. p. 175-—-180°) was collected. The filtrate was 
washed with water (3 « 10 ml.) and dried, and the solvent removed. The residual gum was 
treated with hot water, insoluble material rejected, and the soluble portion recovered by 
evaporation under reduced pressure. Distillation of the product (623 mg.) at 87--90°/0-1 mm, 
afforded a pasty distillate (442 mg.) which was combined with a similar fraction (281 mg., 
obtained by evaporation of the aqueous washings) and sublimed at 50-—60°/0-1 mm. The 
colourless gummy sublimate crystallised from light petroleum (b. p. 60-—80°) in needles of the 
2-chloro-derivative (m, p, 73-——74°; 433 mg., 14%). 

(c) In chloroform suspension at room temperature. 5-Methoxyresorcinol (5-0 g.), suspended 
in dry chloroform (75 ml.), was vigorously stirred while sulpbury! chloride (5-3 g.) in chloroform 
(10 ml.) was added during 30 min, After 6 hr., the solution was filtered from crude 4-chloro-5- 
methoxyresorcinol [(i) 3-1 g., m. p. 178-—180°|; concentration of the filtrate afforded (ii) a 
solid (0-1 g.), m. p. 140-165", and (iii) a gum (2-2 g.). 

Crystallisation of fractions (i) and (ii) from benzene afforded 4-chloro-5-methoxyresorcinol, 
m. p. 18L-—183° (3-1 g., 60%). The gum (iii) in benzene-light petroleum (b. p. 60-——80°) (10: 1) 
was chromatographed on alumina, affording (iv) a solid (83 mg.) and, on elution with benzene, 
(v) a gum (1-7 g.). Fraction (iv) crystallised from benzene in needles, m. p. 115--116°, of 
2: 4-dichloro-5-methoxyresorcinol (1; R R’ = Cl, R” = H) (Found: C, 40-15; H, 3-15; 
Cl, 33-8. C,H,0,Cl, requires C, 40-2; H, 2-9; Cl, 33-09%). Crystallisation from water gave 
the dihydrate, needles, m, p. (tube) 106°, partly melting at 80°, (IKéfler block) 106°. On cooling, 
the melt reset and remelted at 115° (Found, after drying for 2 hr. in vacuo at 20° over P,O, : 
C, 34-2; H, 4-6; Cl, 20-7, 28-1. C,H,O,Cl,,2H,0 requires C, 34-3; H, 4-1; Cl, 28-9%). Ultra- 
violet absorption max. : 280 my (e 860). Anhydrous material, m. p, 106°, was obtained when 
the dihydrate was dried for 6 hr. in vacwo over sulphuric acid at 20° (Found: C, 40-2; H, 3-0%) 
and, when cooled and reheated, was converted into the higher-melting form, m. p, 115°. It is 
concluded that two crystalline modifications of the anhydrous compound exist; the dihydrate 
readily loses water, and, if heated slowly, melts at the m. p. of the lower-melting anhydrous 
modification, On one occasion the higher-melting form was obtained on drying the hydrate 
in vacuo at 63° over phosphoric oxide for 4 hr, 

Ihe dibenzyl ether crystallised from light petroleum (b, p. 60--80°) in prisms, m. p. 106° 
(Vound; C, 66-0; H, 48; Cl, 17-9. C,,H,,O,Cl, requires C, 64-8; H, 47; Cl, 182%). It 
was insoluble in 2n-sodium hydroxide, 

Distillation of fraction (v) at 100°/0-1 mm, and extraction of the oily distillate with light 
petroleum (b. p, 60-—80°) left an insoluble residue which on crystallisation from benzene afforded 
the above dichloro-derivative, m. p. 115° (150 mg.). The total yield of dichloro-compound 
was 233 mg. (3%). 

Chlorination of 4-Chloro-5-methoxyresorcinol.-Sulphuryl chloride (0-78 g.) in ether (15 ml.) 
was added slowly with stirring to a solution of the chlorophenol (1-0 g.) in ether (50 ml.), 
Stirring was continued for 5 hr, and the solution set aside for 15 hr. Removal of the ether left 
a brown gum which was chromatographed in benzene-light petroleum (b. p. 60-——80°) (1:1; 
100 ml.) on alumina (15 x 15 cm.): the following eluates were collected: (i) benzene-light 
petroleum (b. p. 60-—80°) (4:1; 75 ml,), furnishing 2: 4-dichloro-5-methoxyresorcinol, m. p. 
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115° (45 mg.); (ii) benzene-methanol (49:1; 50 ml.), giving unchanged starting material, 
m. p. 180-——182° (800 mg.). 

Chlorination of 2-Chloro-5-methoxyresorcinol..Sulphuryl chloride (10°* ml. x 8) in chloro- 
form (5 ml.) was added with stirring during 10 min. to a solution of the chlorophenol (15 mg.) in 
chloroform (8 ml.). After 48 hr. at room temperature the chloroform was washed with water, 
dried, and evaporated. Crystallisation of the product from light petroleum (b. p. 60—80°) 
afforded prisms (9 mg.), 114—115°, of 2: 4-dichloro-5-methoxyresorcinol identified by mixed 
m. p. determination and comparison of the infrared spectrum with that of material obtained 
directly by chlorination of 5-methoxyresorcinol. 

Methyl 2: 6-Dihydroxy-4-methoxybenzoate.—Methylation of phloroglucinolearboxylic acid 
with 2 mol. of diazomethane in ether‘ and crystallisation of the product from methanol gave 
methyl] 2 : 6-dihydroxy-4-methoxybenzoate, m. p. 114-—115° (Found: C, 542; H, 5-1; OMe, 
31-0, Calc. for CgH,gO,: C, 54:5; H, 5-1; 20Me, 31-3%). 

Methyl 3-Chloro-2 ; 6-dihydroxy-4-methoxybenzoate (1; R = Cl, R’ ~ COMe, R” = H),— 
Sulphury! chloride (530 mg.) in chloroform (10 ml.) was added during 30 min, to the above 
ester (708 mg.) in chloroform (30 ml.). Stirring was continued for 6 hr. and the solution set 
aside overnight. After being washed with water, the dried chloroform solution was concen- 
trated, giving the 3-chloro-compound (800 mg., 96%), m. p. 178—-180°, raised to 183-—~184° 
(needles) by crystallisation from ethyl acetate (Found: C, 46-3; H, 4-0; Cl, 15-0. C,H,O,Cl 
requires C, 46-5; H, 3-9; Cl, 152%). It dissolved in 2n-sodium hydroxide and in sodium 
carbonate solution, but was only slightly soluble in sodium hydrogen carbonate, It gave an 
intense greenish-blue colour with ferric chloride in ethanol. It was unusually stable to hydrolytic 
reagents and was recovered unchanged after 2 hr. under reflux with 2N-sulphuric acid diluted 
with an equal volume of ethanol, 2 hr. at room temperature in concentrated sulphuric acid, 
2 br. under reflux with 2n-sodium hydroxide, or 1 hr. under reflux with n-alcoholic potassium 
hydroxide. 

3-Chloro-2 : 6-dihydroxy-4-methoxybenzoic Acid..-The above chloro-ester (0-1 g.) in concen- 
trated sulphuric acid (1 ml.) was heated for 2 hr. at 70°, cooled, and the solution poured over 
crushed ice. The precipitate was collected (85 mg.; m. p. 185--190° (decomp.)}, sublimed at 
150° /0-1 mm., and crystallised from benzene (in which it was only sparingly soluble) in prisms 
of 3-chloro-2 : 6-dihydroxy-4-methoxybenzoic acid, m. p. 202° (decomp.) (Found; C, 44-0; H, 3-5; 
OMe, 13:8. C,H,O,Cl requires C, 43-9; H, 3-2; OMe, 14-2%). It gave an intense greenish 
blue colour with ferric chloride in ethanol. 

Decarboxylation of 3-Chlora-2 : 6-dihydroxy-4-methoxybenzoic Acid.-The acid (82 mg.) was 
heated in quinoline (5 ml.) with copper chromite (0-1 g.) in a stream of carbon dioxide-free 
nitrogen. Evolution of carbon dioxide was complete in 30 min, at a bath temperature of 180° 
(total CO, evolved, 1-06 mol.j. After removal of the catalyst the filtrate was poured into 
2n-hydrochloric acid (25 ml.) and extracted continuously with ether for 24 hr, The ethereal 
extract was washed with 2n-hydrochloric acid, extracted with sodium hydrogen carbonate 
solution, and dried, Evaporation left a tar which sublimed at 70-—130°/0-1 mm. The colour- 
less oily sublimate crystallised from benzene in prisms, m. p. 180--182° (19 mg.), of 4-chloro-5- 
methoxyresorcinol identified by mixed m. p. and infrared absorption spectrum. 

The sodium hydrogen carbonate extract on acidification and recovery afforded starting 
material (2 mg.), m. p. and mixed m, p. 202° (decomp.} 

Methylation of 4-Chloro-5-methoxyresorcinol.—Diazomethane (1-05 millimole) in ether (12 ml.) 
was added to the chlorophenol (174 mg., 1 millimole) in ether (2 ml). After 6 hr. at room 
temperature the ether was removed and the oily residue extracted with light petroleum (b. p. 
60.-80°). The soluble fraction (3 mg.), m. p. ca. 120°, contained no 2-chloro-3 : 5-dimethoxy- 
phenol. The insoluble solid (146 mg.) was crystallised from benzene, giving (i) unchanged 
starting material, m. p. 170--180° (90 mg.), and (ii) 4-chloro-3 : 5-dimethoxyphenol, m. p 
122—-130° raised to m. p. 128—130° (20 mg.) after three crystallisations from benzene. 
Identification was established by mixed m., p. determination and the infrared spectrum. 

Methyl 3: 5-Dichloro-2 : 6-dihydroxy-4-methoxybenzoate.—(a) Sulphuryl chloride (150 mg.) 
in chloroform (5 ml.) was added dropwise to a stirred solution of methyl 3-chloro-2 : 6-dihydroxy- 
4-methoxybenzoate (200 mg.) in chloroform (10 ml.) and ethanol (0-1 ml.) at room temperature. 
Stirring was continued for 4 hr. and the solution was set aside for 40 hr, and then washed with 
water, and dried, and the solvent removed. ‘The product crystallised from ethanol in hexagonal 
plates or prisms of methyl 3: 5-dichloro-2 : 6-dihydroxy-4-methoxybenzoate (160 mg.), m. p. 


* Sonn and Winzer, Ber., 1928, 61, 2305. 
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144-146" (Found; C, 40-1; H, S-1; Cl, 26-5. C,H,O,Cl, requires C, 40-45; H, 3-0; Cl, 
26°5%). It was insoluble in sodium hydrogen carbonate and gave an intense green colour in 
ethanol with ferric chloride. 

Chlorination in pure chloroform or in ether~methylene chloride was less satisfactory and 
only very low yields of the desired ester were obtained. 

(b) Methyl! 3-chloro-2 ; 6-dihydroxy-4-methoxybenzoate (100 mg.) was suspended in chloro- 
form (0-7 ml.); sulphuryl chloride (0-3 ml.) was added and the mixture warmed at 80° until 
reaction ceased (6 min.). Chloroform and excess of sulphury! chloride were removed in vacuo, 
and the product was crystallised from ethanol, giving the crude 3: 5-dichloro-ester (100 mg. ; 
m. p. 138-145"), Use of a greater excess of sulphury! chloride led to contamination of the 
product by a yellow impurity. 

3: 5-Dichloro-2 : 6-dihydroxy-4-methoxybenzoic Acid.—The above ester (100 mg.) was 
dissolved in concentrated sulphuric acid (1 ml.). After 48 hr. at room temperature, the brown 
solution was poured into water, set aside at 0° for some hours, and the precipitate collected and 
extracted with sodium hydrogen carbonate. A little insoluble material (2 mg.) was identified 
as unchanged chloro-ester, The acid fraction [m. p, 186—192° (decomp.)|, recovered by 
acidification and filtration of the precipitate, crystallised from benzene (25 ml.) in needles of 
4: 6-dichloro-2 : 6-dihydroxy-4-methoxybenzoic acid (76 mg.), m. p. 200-—-204° (decomp.) (Found : 
C, 37-6; H, 25; Cl, 274%; equiv., 231. C,H,O,Cl, requires C, 37-9; H, 2-4; Cl, 28-0%; 
equiv., 253), It gave an intense green colour with ferric chloride in ethanol. The 3-chloro- 
acid {202° (decomp.)} was depressed in m. p. on admixture with the 3 : 5-dichloro-acid. 

Hydrolysis of the chloro-ester with concentrated sulphuric acid for 1 hr. at 70° led to an 
impure product in reduced yield. 

Decarboxylation of % : 6-Dichlovo-2 : 6-dihydroxy-4-methoxybenzoic Acid.—(a) The acid (22 
mg.) was heated in quinoline (1-5-ml.) with copper chromite (20 mg.) as described above for the 
monochloro-acid, Evolution of carbon dioxide (1-1 mol.) was complete after 1 hr. at 180°. 
The fraction insoluble in sodium hydrogen carbonate was sublimed at 125°/0-1 mm. and the 
sublimate washed with light petroleum (b. p. 60—80°) and crystallised from benzene. The 
first fraction (4 mg.) consisted of prisms, m. p. 180-——-182°, identified as 4-chloro-5-methoxyresor- 
cinol by a mixed m, p. determination and its infrared spectrum. Subsequent fractions, m. p. 
ca, 140--160°, were gummy and intractable, 

(b) The acid (100 mg.) was heated in a small tube at 210° in nitrogen. A vigorous evolution 
of carbon dioxide took place from the melt and was complete in 5 min. The dark residue 
sublimed at 70°/0-1 mm. (569 mg.; m. p. 105-—-112°). Crystallisation from benzene gave 
4: 6-dichlovo-b-methoxyresorcinol, prismatic needles, m. p. 117° (Found: C, 40-3; H, 3-2; 
Cl, 84-0. C,H,O,CI, requires C, 40-2; H, 2-9; Cl, 33-90%). The mixed m, p. with the 2: 4-di- 
chloro-derivative obtained by direct chlorination of 5-methoxyresorcinol showed a large 
depression, 

Nitvation of &-Methoxyresorcinol.—To a stirred solution of 5-methoxyresorcinol (37-5 g.) 
in acetic acid (160 ml.) and acetic anhydride (75 ml.) at —4°, there was added dropwise (14 hr.) 
nitric acid (d 1-42; 24.) in acetic acid (60 ml,.). After 2 hr. at room temperature the solution 
was poured over cracked ice (800 g.), and the mixture steam-distilied (10 1). The steam- 
volatile 5-methoxy-2-nitroresorcinol (1; R = R” « H, R’ « NO,) crystallised from ethanol in 
orange-yellow needles, m. p. 154° (6-5 g., 18%) (Found: C, 45-2; H, 3-8; N, 7:8; OMe, 17-2. 
C,H,O,N requires C, 45-4; H, 3-8; N, 7-6; OMe, 168%). The diacetate, insoluble in 2n- 
sodium hydroxide, crystallised from ethanol in almost colourless needles, m. p. 117° (Found : 
C, 40-6; H, 44; N, 5-2. C,,H,,0O,N requires C, 49-1; H, 4:1; N, 52%). The dibensyl ether 
formed pale yellow needles, m. p. 101°, from ethanol (Found: C, 68-9; H, 5-4; N, 4-25. 
Co, HygO,N requires C, 69-0; H, 5&2; N, 3-8%). 

The residual tar from the steam-distillation was dried and extracted with benzene. 
Insoluble material (11 g.) was discarded. The benzene extract was concentrated until orange 
crystals (a) (40 g.; m, p, 182—186°) were deposited, and the mother-liquors were chromato- 
graphed on alumina (30 x 3 cm.), Elution of the orange band with benzene furnished an 
orange-red solid (b) (0-52 g.; m. p. 170-—183°) which was combined with (a) and recrystallised 
from benzene-ethanol, 5-Methoxy-4-nitroresorcinol (1; R = NO,, R’ = R” = H) was obtained 
as orange needles, m. p. 191° (4-3 g., 87%) (Found: C, 45-7; H, 3-0; N, 70; OMe, 16-8. 
C,H,O,N requires C, 45-4; H, 3-8; N, 7-6; OMe, 16-8%). It readily sublimed at 140°/0-1 mm. 
The diacetate formed prisms, m. p, 80°, from methanol (Found: C, 40-5; H, 41; N, 5-5. 
C,,H,,O,N requires C, 491; H, 41; N, 52%), slowly dissolving in 2n-sodium hydroxide 
to an orange solution, 
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Nitration of 3: 5-dimethoxyphenol (50 g.) has been described by Grove et al.4 Chromato- 
graphy on alumina of the benzene-soluble portion of the residual pitch after removal of 3: 5- 
dimethoxy-2-nitrophenol by steam-distillation afforded 2: 6-dimethoxy-p-benzoquinone, 
some additional 3: 5-dimethoxy-2-nitrophenol and 3; 5-dimethoxy-4-nitrophenol as already 
described! The following additional bands were obtained and were eluted with benzene- 
methanol (99:1): (iv) orange yellow band, giving oi recovery an orange solid (70 mg.; m. p. 
153—-160°) from which 5-methoxy-2-nitroresorcinol, m. p, and mixed m. p. 153°, was obtained 
by crystallisation from benzene-ethanol; (v) deep orange band, furnishing 5-methoxy-4- 
nitroresorcinol (830 mg.), m. p. and mixed m, p. 189-—-191°. 

2-Amino-5-methoxyresorcinol,—_5-Methoxy-2-nitroresorcinol (0-2 g.) in ethanol (50 ml.) 
was shaken with hydrogen at room temperature in the presence of Raney nickel (0-1 g.) (absorp- 
tion: 3 mol. in 15 min.). After filtration and removal of the solvent under reduced pressure 
in nitrogen, the residual brown solid was sublimed at 110-—-140°/10“% mm. The colourless 
sublimate (41 mg.) consisted of 2-amino-5-methoxyresorcinol, m. p. 170-—-175° (decomp.) (Found : 
C, 54-2; H, 6-0; N,8&7. C,H,O,N requires C, 54-2; H, 5-85; N, 90%). 2-Amino-5-methoxy- 
resorcinol dissolved in 2n-sodium hydroxide and in 2n-hydrochloric acid. It gave an intense 
blue colour with ferric chloride in ethanol; the colour rapidly faded in air to olive-green and 
then slowly intensified to dark brown, The tetra-acetyl derivative, obtained by 2 hours’ heating 
with acetic anhydride, crystallised from light petroleum (b. p. 60-—-80°) in prisms, m. p. 85-—86° 
(Found: C, 56-0; H, 5-7; OMe, 9-9; Ac, 55-7. C,,t1,,0,N requires C, 55-7; H, 5-3; OMe, 
96; 4Ac, 532%). The infrared spectrum showed the absence of SNH; C=O absorption 
bands were present at 1770 (phenyl acetate) and 1717 cm. (~NAc,). The derivative was 
insoluble in 2n-hydrochloric acid, 

Reduction of 5-Methoxy-2-nitroresorcinol Dibenzyl Ether.---To the benzyl ether (0-1 g.) in 
boiling ethanol (4 ml.) and water (4 ml.) was added sodium hydrosulphite (dithionite) (0-26 g.) 
in portions during 10 min, The solution was heated under reflux for a further 20 min, the 
ethanol removed in vacuo, and the residue made alkaline with sodium hydroxide and extracted 
with ether. Rapid removal of the ether in nitrogen left a red oil which solidified at 0° and 
distilled at 120—140°(bath)/10* mm, The colourless amine ([; Re H, R’ « NH,, 
R” = CH,Ph) (25 mg.) formed prisms, m. p. 94-—965°, from light petroleum (b. p. 60-80”) 
(Found: C, 76-1; H, 64; N, 46. C,,H,,O,N requires C, 75-2; H, 6-3; N, 42%). It was 
only weakly basic and diazotisation by the ‘‘ direct '’ method was unsatisfactory. Diazotisation 
by the glacial acetic acid~nitrosylsulphuric acid and the glacial acetic acid—concentrated 
hydrochloric acid method was successful, but the Sandmeyer reaction as carried out on the 
amine (11; RK = NH,, R’ = H, R” = CH,Ph) ? failed. 

The diacetyl derivative, formed by heating with acetic anhydride for I hr., was obtained as 
prisms, m. p. 102°, from light petroleum (b. p. 60-—80°) (Found: C, 71-7; H, 6:2; Ac, 20-5, 
CygHy,0,N requires C, 71-6; H, 6-0; 2Ac, 206%). The infrared spectrum showed the absence 
of ~NH ; a C=O absorption band occurred at 1710 cm. (~NAc,). The derivative was insoluble 
in 2n-hydrochloric acid. 

4-Amino-5-methoxyresorcinol.—5-Methoxy-4-nitroresorcinol (0-2 g.) was reduced with 
hydrogen in the presence of Raney nickel as described for the 2-nitro-compound (absorption : 
3 mol. in 1} hr.), The free amine (41 mg.), obtained by sublimation at 130—160°/10™ mm., 
chars above 160°. It was converted into the hydrochloride, prisms, decomp, » 190°, from 
concentrated hydrochloric acid containing a trace of stannous chloride (Found: C, 43-6; 
H, 5-8. C,H,O,N,HC1 requires C, 43-85; H, 53%). The tetra-acetyl derivative formed 
prismatic needles (from ethanol), m. p. 130° [Found : C, 55-6; H, 5-3%,; M (Rast), 310. Cale. 
for C,,H,,0,N : C, 557; H, 53%; M, 323-3). Pollak and Gans* give m. p, 129°. * The infrared 
spectrum showed the absence of "NH; C=O absorption bands were found at 1778 (phenyl 
acetate), and 1730 and 1705 cm." (~NAc, doublet), 

4-Amino-5-methoxyresorcinol was soluble in 2n-scdium hydroxide and in 2n-hydrochloric 
acid; it was very much more sensitive to atmospheric oxidation than the 2-amino-isomer, and 
was stored uhder nitrogen or as the hydrochloride. It gave a reddish-brown colour in ethanol 
with ferric chloride; the colour faded slowly. 

Oxidation of 2- and 4-Amino-6-methoxyresorcinols.-The aminophenol (17 mg.) in 2 drops 
of 16% hydrochloric acid was oxidised with hydrated ferric chloride (60 mg.) in 2 drops of 
16% hydrochloric acid, The solution was shaken for 15 min., and extracted with benzene and, 
after dilution with water, with chloroform. 

(a) 4-Amino-compound, The deep yellow benzene extract on concentration deposited 
orange needles (2 mg.) of 2-hydroxy-6-methoxy-p-benzoquinone* which gave a violet colour 
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with 2n-sodium hydroxide. The chloroform extract furnished a red solid from which a little 
more of the quinone was obtained by sublimation in vacuo, 

(b) 2-Amino-compound, ‘The colourless benzene extract of the mixture, which was much 
darker than that obtained by oxidation of the 4-amino-compound, only furnished a trace of 
gum on evaporation, The chloroform extract only yielded a trace of a dark solid. 

Infraved Spectra of Acetyl Derivatives,--Acetylation of 2- and 4-amino-3 : 5-dimethoxy- 
phenol gave the acetyl derivatives, m. p, 93° and 169° respectively.’ Acetyl determinations 
employing an improved method of hydrolysis now indicate both compounds to be the triacety/ 
derivatives (11; R = NAcs, R’ = H, R” = Ac) and (II; R =H, R’ = NAc,, R” = Ac) 
respectively (Found; Ac, 443, 433% respectively. C,,H,,O,N requires 3Ac, 43-7%). 
The mono- (m, p. 146--147°) and the di-acetyl (m. p. 117--118°) derivative of (II; RK = NH,, 
Kk’ «= H, RK” = CH,Ph) gave correct analyses (Found: Ac, 13-4, 242% respectively. 
Cy7H\O,N requires Ac, 14:3, C,,H,,O,N requires 2Ac, 25-1%). 


Infrared spectra, 
C=0 
Compound OAc NAc, NHAc 
(Il; R NHAc, R’ « H, R” « CH,Ph) — _— — 1653 
(11; NAcy, R’ «= H, R” «= CH,Ph) —_ 1716 =: 1696 
(I; NAc,, R’ = H, R” » Ac 1763 1719 1706 


(iI; H, K’ = NAc,, R” = -- 1769 1716 


2: 6-Diethoxy-4-methoxynitrobenzene (1; BR =H, R’ = NO, R” = Et),—5-Methoxy-2- 
nitroresorcinol (580 mg.) in ether (200 ml.) at 0° was treated with excess of ethereal diazoethane. 
After 24 hr. at room temperature the ether and excess of diazoethane were removed in vacuo. 
Sublimation of the dark brown residue at 80-—-95°/10™ mm, afforded 2 : 6-diethoxy-4-methoxy- 
nitrobenzene (590 mg.), yellow needles, m. p. 115° {from light petroleum (b. p, 60-—-80°)] (Found : 
C, 55-0; H, 66, Cy,H,,O,N requires C, 548; H, 63%). Ethylation by diethyl sulphate 
and sodium hydroxide was less satisfactory. 

3-Chloro-2 : 6-diethoxy-4-methoxynitrobenzene (1; R= Cl, R’ = NO,, R” = Et).—The 
above nitro-compound (387 mg.) in chloroform (6 ml.) was treated dropwise with sulphuryl 
chloride (0-165 ml), A vigorous reaction with gas evolution took place after the addition of 
each drop, and when the reaction had subsided (5 min.) the solution was warmed on the water- 
bath for 56 min, and the solvent and excess of sulphuryl chloride were removed in vacuo. 
Sublimation of the solid residue at 70-—-85°/10-* mm. furnished 3-chloro-2 : 6-diethoxy-4-methoxy- 
nitrobenzene (255 mg.), lemon-yellow plates, m. p. 90-—91° {from light petroleum (b. p. 60-80) | 
(Found: C, 47-65; H, 54%; M (Rast), 208. C,,H,,O,NCl requires C, 47-9; H, 51%; 
M, 276-7), 

3-Chlovo-2 : 6-diethoxy-4-methoxyaniline (I; R = Cl, R’ =~ NH,, R” = Et).—The chloro- 
nitro-compound (200 mg.) was heated under reflux in aqueous ethanol (50%; 16 ml.) while 
sodium dithionite (300 mg.) was added during 2 min. After 10 min, a further quantity of 
dithionite (500 mg.) was added and heating continued for 20 min. After removal of the ethanol 
in vacuo (concentration to 5 ml.), 2n-sodium hydroxide (5 ml.) was added and the solution 
extracted with ether. Recovery and sublimation of the product at 55—70°/10~ mm. furnished 
3-chlovo-2 : 6-diethoxy-4-methoxyaniline (113 mg,.), needles, m. p. 60-—61° [from light petroleum 
(b. p, 40--60°)] (Found: C, 53-5; H, 66; N, 61. C,,H,gO,NCI requires C, 53-8; H, 6-6; 
N, 60%) 

1-Chlovo-2: 4-diethoxy-6-methoxybenzene (1; RK - Cl, R’ «= H, R” = Et).--(a) By ethylation 
of 4-chlovo-5-methoxyresorcinol, The resorcinol derivative (200 mg.) in 3n-sodium hydroxide 
(10 ml.) was stirred during the addition of diethyl sulphate (0-5 ml.) and then heated under 
reflux for 1 hr. A further portion of diethyl sulphate (0-5 ml.) was then added and heating 
continued for a further 6 hr. The cooled mixture was extracted with ether, and the oily extract 
crystallised from methanol in prisms of 1-chloro-2 ; 4-diethoxy-6-methoxybenzene (110 mg.), 
m. p, 87° (Found: C, 57-35; H, 67. C©,,H,,0O,Cl requires C, 57-2; H, 6-6%). 

(b) I*'vom 3-chloro-2 ; 6-diethoxy-4-methoxyaniline, The amine (50 mg.) in ethanol (200 mg.) 
and concentrated sulphuric acid (100 mg.) at 0° was diazotised by the addition of sodium nitrite 
(16 mg.) in water (6-05 ml). The solution was warmed on the water-bath until evolution of 
gas ceased, diluted with water (10 ml.), and extracted with ether. The ethereal extract was 
concentrated and extracted with 2n-sodium hydroxide. The phenolic fraction, on recovery, 


was negligible, The neutral fraction on sublimation at 50--60°/0-1 mm, and crystallisation 


(1956) The Morphine-Thebaine Group of Alkaloids. Part VII, 1963 


of the oily sublimate from light petroleum (b. p. 40--60°) furnished 1-chloro-2 : 4-diethoxy-6- 
methoxybenzene (26 mg.), m. p. and mixed m. p. with the specimen prepared as in (a) 83-86", 


Identity was confirmed by comparison of the infrared spectra. 
We are indebted to Mr. R. W. Thompson for assistance in the preparation of methyl 3 : 5-di- 
chloro-2 : 6-dihydroxy-4-methoxy benzoate. 


Akers Researcn LaBoratortes, ImpeRIAL Cuemicat InpustTries Limitep, 
THe Frytue, WeLwyn, Herts, [Received, January Wth, 1956.) 


384. The Morphine-Thebaine Group of Alkaloids, Part VII.* A 
New Method of Systematic Degradation to Nitrogen-free Products. 


By K. W. Bentiey, J. C. Bart, and J. P. Rince. 


Thermal decomposition of methine N-oxides has been shown to be 
a general method for the production of nitrogen-free compounds in the 
morphine series. Elimination of the side-chain, which sometimes takes 
place during Hofmann degradation, has not been observed, and compounds 
inaccessible by exhaustive methylation have been prepared, In this way 
eleven methines of the morphine-thebaine group have been degraded to the 
corresponding vinyl compounds and dihydrothebainone dihydromethine 
converted into thebenone, but the method failed for two phenolic bases, 


FOLLOWING the successful production by Mamlock and Wolffenstein,' Cope, Foster, and 
Towle,? Cope, Pike, and Spencer,’ and Rogers * of simple olefins and NN-dialkylhydroxyl- 
amines, by thermal decomposition of tertiary amine oxides, we decided to study the general 
applicability of this reaction to the preparation of nitrogen-free derivatives of alkaloids. 
For this the morphine series provides a number of suitable and easily accessible bases, 
which would be particularly valuable because of the ease with which morphine derivatives 
suffer molecular rearrangement. 


40 


Ultraviolet absorption of : 
5:6: 13: 14-Tetrahydro-6 - hydroxy -3-O0- 
methyl-13-vinylmorphenol. 
a-Codeimethine. 
5:6: 7: 13-Tetrahydro-6-hydroxy-3-0O- 
methyl-13-vinylmorphenol. 
B-Codeimethine. 
vem $-O-Methylmor phenol, 
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The N-oxide of dihydrocodeine methine (I) readily decomposed at 150°, the product 
being 5: 6: 7:8: 13: 14-hexahydro-6-hydroxy-13-vinyl-3-O-methylmorphenol (11) which 
showed the same m. p. and [a]p as the nitrogen-free product of exhaustive methylation 


* Part VI, J., 1956, 1863, 

' Mamlock and Wolffenstein, Ber., 1900, 33, 159 

* Cope, Foster, and Towle, J]. Amer. Chem. Soc., 1949, 71, 3929 
* Cope, Pike, and Spencer, sbid., 1953, 7§, 3212. 

* Rogers, /., 1955, 769 
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prepared by Rapoport. This compound on hydrogenation absorbed two mols. of hydrogen 
and afforded the 13-ethyloctahydro-derivative (III; R = Et), also obtained by the 
hydrogenation of the octahydro-13-vinyl compound (III; R = CH‘CH,) which was 
prepared by decomposition of the N-oxide of «a-tetrahydrocodeimethine (IV). «- (V; 
RK = H) and ¢-Codeimethine (VI; R = H) were degraded in the same way through the 
N-oxides to 5: 6: 13: 14- (VIL; R = H) and 5: 6: 7: 13-tetrahydro-6-hydroxy-3-0- 
methyl-13-vinylmorphenol (VIII; R = H) respectively. The presence of the a- and 6- 
codeimethine chromophores in these two products is shown by their ultraviolet spectra 
(see Figure), These two compounds are not accessible by normal Hofmann exhaustive 
methylation during which the side-chain is eliminated with production of a fully aromatic 
phe 9 ne derivative. The compound (VII; R = H) was converted into the isomeride 
(VIII; : H) under the conditions required for the « — @-codeimethine transformation, 
and ‘ substances on catalytic hydrogenation absorbed three mols. of hydrogen and 
gave the 13-ethyloctahydro-derivative (UI; R= Et). «-Codeimethine methyl ether 
(V; K = Me) likewise afforded, through the N-oxide, 5 : 6: 13 : 14-tetrahydro-6-methoxy- 
3-O-methyl-13-vinylmorphenol (VII; R == Me) which in boiling alkali furnished the isomer 
(VIII; R = Me), also obtained by the decomposition of the N-oxide of 6-codeimethine 


x “ 
° NMe, 
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(VI) (VII) (VII) 


methyl ether (VI; R = Me). The two nitrogen-free products (VII and VIII; R = Me) 
on hydrogenation absorbed three mols. of hydrogen and gave the same 13-ethyloctahydro- 
compound; this was also prepared by the reduction of octahydro-6-methoxy-3-O-methyl- 
13-vinylmorphenol, which was the product of thermal decomposition of a-tetrahydrocodei- 
methine methyl ether N-oxide and was obtained by Rapoport ® by dry distillation of 
a-tetrahydrocodeimethine methyl ether methohydroxide and was reduced by him to the 
13-ethyl compound, 

lhe N-oxides of dihydrothebaine methine (IX) and dihydrothebaine dihydromethine 
(X) were degraded to the 13-vinyl compounds (XI) and (XII) respectively. These 
compounds were shown to be identical with the products of the corresponding Hofmann 
degradations,*® 78 (a) by hydrolysis to the related ketones (XIII) and (XIV) followed by 
catalytic reduction to the same 13-ethyl-derivative (XV), and (6) by reduction of the 
compound (XI) to the phenolic ethylhexahydromorphol derivative (XVI), followed by 
hydrolysis to the ketone (XVII). 


* Rapoport, J. Org. Chem., 1948, 18, 714, 

* Cahn, J., 1930, 702. 

’ Sargent and Small, J. Org. Chem., 1951, 16, 1031. 
* Wieland and Koteke, Annalen, 1025, 444, 69 
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Since decomposition of the N-oxides presumably proceeds by the cyclic process (XVIII) 
—+# (XIX) it was thought possible that 13-vinyl compounds might result from the degrad- 
ation of 4-hydroxy-compounds in the morphine series, instead of the cyclic ethers of the 
thebenone type which are invariably the product of the Hofmann degradation of such 
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compounds. However, degradation of dihydrothebainone dihydromethine (XX) via the 
N-oxide afforded a good yield of thebenone (XX1), a process that presumably proceeds 
as shown in (XXII) —» (XXIII). 
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Two other cases of the formation of oxide rings during Hofmann degradation have been 
reported, namely, the production of codiran (XXIV) from y-tetrahydrocodeimethine ® [the 
Cgyepimer of (IV)}, and of “ dihydrohydroxycodeone '’ (XXV) from dihydro-14-hydroxy- 
codeinone methine (XXVI).% 14 Degradation of the last-named base (XXVI) via the 
N-oxide, gave, however, a good yield af the non-cyclised aleohol (XXVII), which was 
hydrogenated as usual to the ethyloctahydro-alcoho!l (KX VIII), That the methine (XX) 
suffers oxide-ring closure during degradation via the N-oxide but that the methine (XXVI) 
does not may be due either to the difference in acidity of the two hydroxyl groups or to 


steric reasons. 
The degradation of metathebainone methyl ether methine N-oxide (XXIX; R = Me) 


* Rapoport and Payne, J. Amer, Chem. Soc., 1962, 74, 2630 
” Freund and Speyer, J. prakt, Chem., 1916, 94, 135 
*! Schépf and Borkowsky, Annalen, 1927, 452, 249 
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afforded a poor yield of 6:7: 8: 14-tetrahydro-3 : 4 : dimethoxy-6-oxo-14-vinylphenan- 
threne (XXX), whose ultraviolet absorption (see p. 1969) proves the absence of rearrange- 
ments. This substance has been reported (isolated only as the phenylhydrazone) to be 
produced during exhaustive methylation of metathebainone methyl ether methine.” 
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Degradation of metathebainone methine N-oxide (X XIX; R = H) resulted in extensive 
oxidation of the phenolic nucleus, and thermal decomposition of 6-dihydrothebaine methine 
N-oxide (XXXI) involved spontaneous inflammation; the method is therefore not 
generally suitable for the degradation of phenols. Basic material was frequently isolated 
in smal! amounts from the products of decomposition of the N-oxides :; this was invariably 
the parent base. 

The presence of vinyl groups was in every case proved by hydrogenation and in several 
cases by the diagnostic infrared absorption band (see Table), 


Vinyl infrared absorption bands (uy). 


Vinyl compound prepared from ; Vinyl compound prepared from : 
dihydrocodeine methine 10-85 dihydrothebaine methine (after hydrolysis) 10-83 
a-codeimethine methyl ether ............ 10°77 dihydrotpebaine dihydromethine (after 


B-codeimethine hydrolysis) 
dihydrothebaine methine . metathebainone methyl ether methine 


rhe thermal decomposition of non-phenolic N-oxides is thus seen to be a reliable and 
valuable alternative to Hofmann degradation for the preparation of nitrogen-free products. 
In no case so far examined is the abnormal product obtained where Hofmann degradation 
leads to loss of the side-chain. 


EXPERIMENTAL 


General Procedure,-(a) Preparation of the N-oxide. The tertiary amine was heated with 
30% hydrogen peroxide (1-2 ml. per g.) on the steam-bath until a homogeneous water-soluble 
solution was obtained, The excess of hydrogen peroxide was removed at ca. 100°/20 mm. 

(b) Decomposition of the N-oxide. The unpurified oxide was heated gradually in an oil- 
bath at 0-1 mm, until decomposition began, usually at 140-—150°, but sometimes as low as 115°, 
then at the decomposition temperature for about $0 min, NN-Dimethylhydroxylamine was 
collected in a liquid-air trap. The residue in the flask was straightway extracted with cold 
2n-hydrochloric acid and ether, the insoluble residue being rejected. The ether extract was 
washed with hydrochloric acid and the acid extract shaken with ether. The combined ether 
extracts were washed with dilute aqueous sodium carbonate (which frequently removed some 
colour, though nothing was ever recovered from it on acidification) and water, dried (Na,SO,), 
and evaporated, The neutral residue frequently crystallised. Small amounts of basic material 
were frequently recovered when the acid extracts were worked up in the usual way. 


* Knorr and Pschorr, Ber, 1905, 38, 3172. 
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Degradation of Dihydrocodeine Methine N-Oxide.—Dihydrocodeimethine (10-72 g.) was 
converted into the N-oxide with 30% hydrogen peroxide (20 ml.). The oxide decomposed at 
140—150°, giving the hexahydro-13-vinyl compound (2-16 g.), which solidified and formed 
needles, m. p. 102° (from n-hexane), (a)? +-78° + 1-5° (¢ 1-42 in EtOH), Rapoport® gives 
m. p. 102—103°, [a]? +77-1°. The product was hydrogenated in methanol over platinum 
oxide, 2 mols. of hydrogen being absorbed, and the 13-ethyloctahydro-compound (III; R = Et) 
obtained as a colourless oil; this was purified by distillation at 0-05 mm. and characterised 
as the 3 : 5-dinitrobenzoate, yellow prisms, m. p. 115° (from methanol), [a)/??* + 169° + 3° (c 0-61 
in CHC],) (Found : C, 61-4; H, 63; N,5-9. C,,HO,N, requires C, 61-5; H, 5-1; N, 6-0%). 

Degradation of a-Tetrahydrocodeimethine N-Oxide.—-a-Tetrahydrocodeimethine (3-9 g.) was 
converted into the N-oxide with 30% hydrogen peroxide (4 ml.). This on decomposition 
furnished 1-5 g. of 5:6:7:8:9:10: 13: 14-octahydro-6-hydroxy-3-O-methyl-13-vinylmor- 
phenol (II1; R= CH‘CH,) as a pale yellow viscous oil, (a) + 16-5° 4. 0-56° (¢ 1-49 in EtOH), 
characterised as the 3: 5-dinilrobenzoate, yellow prisms, m. p. 146° (from methanol) (Found : 
C, 61-7; H, 4:9; N, 5-7. C,yH,,O,N, requires C, 61-8; H, 4-7; N, 60%). The vinyl compound 
was catalytically hydrogenated ; 1 mol, of hydrogen was absorbed and the 13-ethyloctahydro- 
compound (III; R = Et) was obtained (3 : 5-dinitrobenzoate, m. p. and mixed m, p, 115°). 

Degradation of a-Tetrahydrocodeimethine Methyl Ether N-Oxide.—a-Tetrahydrocodeimethine 
methy! ether (5 g.) and 30% hydrogen peroxide (5 ml.) gave the amine oxide, which, on decompo- 
sition, afforded 2-7 g. of pale yellow 5:6:7:8:9: 10; 13: 14-octahydro-6-methoxy-3-O-methyl- 
13-vinylmorphenol, b. p. 170°/0-05 mm., {«)7} + 1-27° (¢ 1-57 in CHC],), On catalytic hydro- 
genation over platinum oxide in methanol this absorbed | mol, of hydrogen and gave the 
13-ethyloctahydro-compound, prisms, m. p. 51-——-53° (lit.,5 m. p. 51-—52°). 

A base (0-75 g.) was also obtained and shown to be a-tetrahydrocodeimethine methyl ether, 
by conversion into the methiodide, colourless needles, m, p. and mixed m. p. 244-245", (a)? 
—42° (c 0-24 in EtOH) {lit.,44 m. p, 247° (decomp.), (|? — 40° in aq. EtOH}. 

Degradation of a-Codeimethine N-Oxide,—a-Codeimethine N-oxide [from a-codeimethine 
(14-2 g.) and 30% hydrogen peroxide (15 ml.)} on decomposition afforded 5 ; 6: 13: 14-tetra- 
hydro-6-hydroxy-3-O-methyl-13-vinylmorphenol as a pale brown oil (2-2 g.), [a]? —125° 
(c 1-56 in EtOH), characterised as 3 ; 5-dinitrobenzoate, yellow prisms, m. p, 165° (from methanol) 
(Found: C, 62-4; H, 40; N, 60. C,,H,,O,N, requires C, 62-3; H, 3-0; N, 61%). 

3 Mols, of hydrogen were absorbed when this substance (0:39 g.) was hydrogenated in 
ethanol over platinum oxide (0-05 g.), the product being the 13-ethyloctahydro-compound 
whose 3 ;: 5-dinitrobenzoate had m. p. and mixed m., p. 116° (from methanol). 

Degradation of (-Codeimethine N-Oxide.—-f-Codeimethine N-oxide (from (-codeimethine, 
5-1 g., and 30% hydrogen peroxide, 10 ml.) decomposed at 148°, giving 1-07 g. of a brown oil, 
which crystallised. Recrystallisation from n-hexane afforded 5: 6: 7: 13-tetrahydro-6-hydroxy- 
3-O-methyl-13-vinylmorphenol (VIII; R = H),m. p. 107-108", [a)* + 434° + 2° (¢ 0-84 in CHCI,), 
+ 498° + 1° (c 0-98 in EtOH) (Found: C, 75-9; H, 62. C,,H,,O, requires C, 76-1; H, 6-0%). 

On catalytic reduction in methanol over platinum oxide this absorbed 3 mols, of hydrogen 
and yielded the last-mentioned 13-ethyloctahydro-compound (lll; R « Et) {3: 5-dinitro- 
benzoate, m. p. and mixed m. p. 116°, (a)? + 165° + 3° (¢ 0-46 in CHCI,)}. 

Isomerisation of 5:6: 13: 14-Tetrahydro-6-hydroxy -3-O-methyl-13-vinylmorphenol,—This 
compound (0-5 g.) from a-codeimethine was boiled under reflux for 2 hr. with potassium 
hydroxide (1 g.) in 60% ethanol (10 ml.), The mixture was cooled and diluted with water, and 
the product extracted with ether, from which a brown oil was recovered. On crystallisation 
from n-hexane, this yielded the 5 : 6: 7: 13-tetrahydro-isomer, m, p. 108° alone or mixed with 
a specimen prepared as above from $-codeimethine. 

Degradation of a-Codeimethine Methyl Ether N-Oxide.-This oxide {from a«-codeimethine 
methyl ether (6 g.) and 30% hydrogen peroxide (7 ml.)| decomposed at 145°, giving 2-4 g. 
of brown crystals from which 5:6: 13: 14-tetrahydro-6~- methoxy -3-O-methyl -13-vinyl - 
morphenol (VIL; K = Me) was obtained as pale brown prisms, m. p. 115° (from methanol), 
(a )2} — 266° (c 1-22 in CHCI,) (Found; C, 76-6; H, 65. C,H, sO, requires C, 76-6; H, 6-4%). 

Hydrogenation (3 mols.) of this product in glacial acetic acid over platinum oxide, distillation, 
crystallisation from methanol, and sublimation gave the 13-ethyloctahydro-compound having 
m. p. 52—53° alone or mixed with a specimen prepared from «-tetrahydrocodeimethine methy! 
ether, (a/? —43° (¢ 1-66 in EtOH) (Found: C, 748; H, 83. Cale. for C,,H,yO,: C, 76-0; 
H, 82%) {lit., m. p. 51—52°, (a)? —44° (in EtOH)}. 


43 Faltis and Suppan, Pharm, Monatsh., 1923, 4, 189 
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Legradation of §-Codeimethine Methyl Ether N-Oxide.—-Decomposition of the N-oxide from 
%-codeimethine methyl ether (6-6 g.; and 10 ml. of 30% hydrogen peroxide) began at 115° and 
was rapid at 130°, 2-0. of neutral material were obtained, which yielded 5:6: 7: 13-tetra- 
hydvo-6-methoxy-3-O-methyl-13-vinylmorphenol (VIII; RK = Me) a light brown oil, b. p. 200°/0-05 
mm., [«|}® 4+ 408° 4 1° (¢ 042 in EtOH) (Found: C, 763; H, 65. C,,H,O, requires C, 76-6; 
H, 64%), 

Catalytic reduction (3 mols.) of this material in methanol over platinum oxide was slow ; 
it gave the 13-ethyloctahydro-compound, m., p. 53° alone and mixed with a specimen prepared 
from a-tetrahydrocodeimethine methyl ether, 

I somerisation of &: 6:13: 14-Tetrahydro-6-methoxy-o-O-methyl-13-vinylmorphenol.—This 
compound (0-37 g.) was boiled under reflux with potassium hydroxide (2 g.) in 80% ethanol 
(6 ml.) for 2 hr. The product recovered on dilution with water and ether-extraction was a 
yellow oil, identified as the 6: 6: 7; 13-tetrahydro-isomer by its ultraviolet spectrum. 

Degradation of Dihydvrothebaine Methine N-Oxide,—-Dihydrothebaine methine (6 g.) and 30%, 
hydrogen peroxide (7 ml.) were heated on the steam-bath, The resulting amine oxide decom- 
posed at 150°, giving 2-3 g. of almost colourless neutral product, which gave 56:8: 13: 14- 
tetrahydro-6-methox y-3-O-methyl-13-vinylmorphenol (X1) as pale cream plates, m. p, 123—-124° 
(from methanol), {a}? —238° (¢ 1-15 in EtOH) (Cahn®* gives m. p. 120-—-121°; Sargent and 
Small,’ m, p, 123-—-124-5°), 

This was hydrogenated (2-05 mols.) in methanol over platinum oxide to the 13-ethyl- 
7:8: 9:10; 13; I4hexahydro-compound, prisms, m. p. 167-—-168° (from methanol), {a}?! 

| 21° (¢ 0-24 in EtOH) {Sargent and Small’ give m; p. 171—173°, (a)? +-23-8° (in EtOH)}. 
Hydrolysis of this enol ether with dilute alcoholic hydrochloric acid afforded 13-ethy!- 
6: 6:7: 8:90:10; 13: 14-octahydro-3-O-methyl-6-oxomorphol (XVII), needles, m. p. 
148--149° (from methanol) (Cahn,* m, p. 148-—-150°; Sargent and Small,’ m, p. 154—155°), 

5: 8: 13: 14-Tetrahydro-6-methoxy-3-O-methyl-13-vinylmorphenol itself was hydrolysed 
with dilute alcoholic hydrochloric acid to 5: 6:7: 8:13: 14-hexahydro-3-O-methyl-6-oxo-13- 
vinylmorphenol (XIII), prisms, m, p. 149--150° (from ethanol) (lit. m. p. 149°), reduced 
(methanol; palladised strontium carbonate; 2 mols.) to 13-ethyl-5:6:7:8:9:10: 13: 14- 
octahydro-3-O-methyl-6-oxomorphenol (XV), needles, m. p. 113--114° (from methanol) (Cahn * 
gives m, p. 113°). 

Degradation of Dihydrothebaine Dihydromethine N-Oxide.—Dibydrothebaine dihydromethine 
N-oxide (from 6 g. of amine and 7 ml. of 30% hydrogen peroxide) decomposed at 145—150°, 
giving 3-1 g. of 6: 8:9: 10: 13: 14-hexahydro-6-methoxy-3-O-methyl-13-vinylmorphenol (XII), 
cream-coloured prisms, m. p, 120--121° (from methanol), (a}}* — 104° (¢ 1-05 in EtOH) (Wieland 
and Kotake® give m, p. 119°), 

Hydrolysis with dilute alcoholic hydrochloric acid then afforded 6: 6:7: 8:9:10: 13; 14- 
octahydro-3-O-methyl-6-oxo-13-vinylmorphenol (XIV), needles, m. p. 129-—-130° (from ethanol), 
(a|\* 26° (c 1-17 in CHCI,) (Found : C, 76-7; H, 6-8. Cale. for C,,H,,0,: C, 75-6; H, 67%) 
{lit., m. p. 126-—-127°, [a}, —23-8° (in EtOH)}. The semicarbazone was obtained as white 
prisms, m, p. 193-——194°, from methanol (Found: C, 66:3; H, 66; N, 12:8. C,,H,,O,N, 
requires C, 66-0; H, 64; N, 128%). Reduction (1 mol.) of this hydrolysis product over 
palladised strontium carbonate in methanol gave 13-ethyl-5:6:7:8:9: 10:13: 14-0cta- 
hydro-3-O-methyl-6-oxomorphenol (XV), colourless needles, m. p. 113-—-114° (from methanol), 
identical with the product prepared above in stages from dihydrothebaine methine. 

Degradation of Dihydrothebainone Dihydromethine N-Oxide.—This N-oxide (from 2-76 g. of 
base and 5 ml, 30% hydrogen peroxide) decomposed at 140°, giving thebenone (1-0 g.) (X XI), 
colourless prisms, m. p. 130° (undepressed on mixing with an authentic specimen of m. p. 
134°), (a)? 461° 4 2° (¢ 0-68 in EtOH) {lit.,” (a)? +4-64-4° (in EtOH)}. The benzylidene 
derivative had m. p. 163° (lit. 162°) and the piperonylidene derivative, m. p. 183° (lit.,* 
185-186"). 

Lihydvo-\4-hydrozycodeinone Methine—Freund and Speyer give insufficient details for 
successful repetition of this preparation, Dihydro-l4-hydroxycodeinone (5 g.) and methyl 
iodide (10 ml.) were heated at 125° in a sealed tube for 4 hr. The excess of methyl iodide was 
removed, the residue extracted with warm methanol, the extract evaporated to dryness, and the 
residual methiodide dissolved in water. Potassium hydroxide pellets were added to the boiling 
aqueous solution until a yellow oil separated ; this was extracted with chloroform from the cooled 
solution. The chloroform extract was washed with water, dried (Na,SO,), and evaporated ; 
the residue crystallised from light petroleum (b, p. 80--90°), the methine being obtained as 
prisms, m. p. 115° (lit., 115°), 


[1956| Existence of Transition-metal Complexes of cycloButadiene. 1969 


Degradation of Dihydro-\4-hydroxycodeinone Methine N-Oxide.—-The oxide (from 3-14 g. 
of methine and 6 ml. of 30% hydrogen peroxide) decomposed at 150°, giving 0-55 g. of 
5:6:7:8:13: 14-hexahydro-14-hydroxy-3-O-methyl-6-0x0-13-vinylmorphenol (XXVII), prisms, 
m. p. 107—-108° (from moist ether), [a]}** —59° 4 1-5° (¢ 0-64 in CHCI,) (Found: C, 67-5; 
H, 6-2. C,,H,,0O,H,O requires C, 67-2; H, 65%) (‘ dihydrohydroxycodeone,’’" m. p. 
214—215°, (a)? —140-8° in CHCI,). 

Catalytic reduction (2 mols.) of this product in methanol over platinum oxide gave 13-ethyl- 
5:6:7:8:9: 10: 13: 14-octahydro-14-hydroxy-3-O-methyl-6-oxomorphenol (XXVIII), colourless 
needles, m, p. 204° (from ethanol), (a)p* —94° +. 1° (c 0-56 in CHCI,) (Found: C, 70-4; H, 7-6. 
C,,H,,O, requires C, 70-4; H, 76%) (‘ tetrahydrohydroxycodeone,"’" m. p. 150-—-153°, 
{a],, not given). 

Degradation of Metathebainone Methyl Ether Methine N-Oxide.—This oxide (from 5-3 g. of 
methine and 6 ml. of 30% hydrogen peroxide) on decomposition at 150° afforded 0-5 of neutral 
product and 2-2 g. of the parent base. The neutral material was chromatographed on alumina ; 
a yellow band rapidly separated and was eluted with benzene, giving a yellow oil. This 
crystallised from aqueous ethanol. The dry material, better recrystallised from light petroleum 
(b. p. 50-—60°), gave 6: 7: 8: 14-tetrahydro-3 ; 4-dimethoxy-6-0x0-14-vinyl phenanthrene (XXX) 
as pale yellow prisms, m. p. 97—98°, (a)? —983° (c 0-49 in CHCI,) (Found; C, 76-2; H, 6-5, 
CygH,,O, requires C, 76-6; H, 64%). Absorption max. at 2650 and 3220 A (e 36,200 and 
11,800), cf. metathebainone methyl ether methine 2650 and 3320 A (¢ 18,200 and 8940) and 
contrast metathebainone 2300 and 2970 A (¢ 15,140 and 16,600), The 2: 4-dinitrophenyl- 
hydrazone was obtained as deep red prisms, m. p, 234° (from ethanol-chloroform) (Mound ; 
C, 62-0; H, 4-9. CyH,,0,N, requires C, 62-3; H, 48%). 
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385. The Possible Existence of T'ransition-metal Complexes of 
cycloButadiene. 


By H. C. Lonecuer-Hiceins and L. E. Oroet. 


The possibility that the unstable cyclobutadiene molecule can be stabilised 
by combination with a suitable transition-metal ion is investigated by use 
of molecular-orbital theory, It is suggested that complexes of the type 
M"X,(C,H,), where M is nickel, palladium, or platinum and X is a univalent 
ligand, may be stable, and that Ni(CN),(C,H,) is an intermediate in the 
Reppe synthesis of cyclooctatetraene. 


ALTHOUGH the cyelopentadienyl radical C,H, is unstable, very stable transition-metal 
cyclopentadienyls are known.+? All attempts to prepare cyclobutadiene C,H, having 
failed, the question arises whether it is possible to stabilise it by combination with a 
transition metal. We believe that such stabilisation can be achieved; the literature 
indicates the existence of cyclobutadiene complexes, if only as transitory intermediates. 
Our reasons for postulating the existence of cyclobutadiene complexes may be under- 
stood by considering the transition-metal cyclopentadienyls, the carbonyls, and their 
mixed complexes. A complex of this type will, as a rule, be most stable if the valency 
shell of the metal contains 18 electrons, it being postulated that a carbonyl contributes 
two, and a cyclopentadienyl radical five electrons to the valency shell.4* The chemical 
bond between the metal atom and a neighbouring C,H, group is partly « with respect to 
the 5-fold axis, but mostly «, with possibly a little 8 bonding.**%® The x bonding is 
particularly strong because the doubly degenerate ¢,, orbital of a eyclopentadieny] radical 
contains only three electrons, of which one is unpaired and can be used for covalent bonding. 
! Piper, Cotton, and Wilkinson, J. Inorg. Nuclear Chem., 1956, 1, 165, and earlier papers. 
Fischer and H. Leipfinger, Z. Naturforsch., 1955, 106, 353, and earlier papers. 
Dunitz and Orgel, to be published. 
Idem, Nature, 1953, 171, 121. 


Idem, J. Chem. Phys., 19565, 28, 954. 
Moffitt, J. Amer, Chem. Soc., 1964, 76, 3386 
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cyclolsutadiene would have, according to molecular-orbital theory, a doubly degenerate 
non-bonding ¢, orbital containing only two electrons. In this molecule both ¢, electrons 
should be unpaired (which, incidentally, is a possible explanation of its instability) and 
both these electrons could therefore be used in forming covalent = bonds toa metal. There 
would also be a weak co-ordinate « bond to the metal from the a, orbital of the ring, and 
a weak co-ordinate 8 bond from the metal atom to the a,, orbital of the ring. ecycloButa- 
diene therefore differs from cyclopentadieny] in three respects : first, in having four mobile 
electrons rather than five; secondly, in being able to form two = bonds to a metal atom 
rather than one; and thirdly, in forming only one 8 bond by back co-ordination. 

Were there no other differences between cyclobutadiene and cyclopentadiene one might 
therefore expect the former to form even more stable complexes than the latter. There 
is, however, the further important difference that cyclobutadiene can dissociate into a 
pair of acetylene molecules. We must therefore enquire whether a cyclobutadiene complex 
would be more or less stable than the corresponding complex containing two acetylene 
molecules 

In acetylene the four unsaturated electrons all occupy a very stable doubly degenerate 
nm, orbital. The lowest unoccupied orbital, of symmetry x,, has a high energy, which reduces 
its acceptor capacity. It is for this reason that transition-metal complexes of acetylene 
(and also of olefins) are relatively unstable. In cyclobutadiene, on the other hand, the 
doubly degenerate ¢, orbital is of intermediate energy, being effectively non-bonding. The 
presence of two unpaired electrons in this orbital would therefore, in combination with a 
suitable metal, favour a cyclobutadiene complex rather than one containing two acetylene 
molecules. This extra stability of the metal-carbon bonds might well more than com- 
pensate for the mild strain present in the four-membered ring. 

The metals, and their valency states, which will be most likely to form cyclobutadiene 
complexes are most easily predicted by considering the conditions under which a metal 
forms stable complexes of any sort. Two important cases must be distinguished; that in 
which the metal atom is completely surrounded by ligands and that in which the ligands 
lic in a plane. In the former type of complex there will be a stable molecular orbital 
arising from each of the d, s, and p valency orbitals of the transition metal, making nine 
orbitals in all, so that 18 electrons are required to form a closed shell. In the planar 
complexes, on the other hand, the ~ orbital which is antisymmetrical with respect to the 
molecular plane is of higher energy and there are no stable ligand orbitals to combine with 
it. There are thus only 8 stable molecular orbitals instead of 9, and 16 electrons are 
sufficient to fill these. 

lo illustrate these cases we may consider the known molecules (C,H,)Mn(CO), and 
Pt(CO)Cl,~. In the former, which is non-planar, the manganese atom contributes seven 
electrons, each CO group contributes two, and five are available from the C,H, group; 
together these electrons form a closed shell of 18, the number required for stability. In 
the latter, the Pt** ion contributes 8 electrons, and each ligand, CO or Cl-, contributes 
2, so that there are in all 16 electrons in the valency shell of the platinum atom; this is 
why the complex is stable in the planar configuration. 

Ky analogy with eyclopentadiene, cyclobutadiene should contribute four electrons to 
the valency shell of a transition metal; one might therefore expect the existence of ‘‘ non- 
planar "’ complexes such as (C,H,)Ni(CO), with 18 electrons, or “ planar’ complexes 
uch as (C\Hy)AuCl, with 16. The geometrical configurations of these two hypothetical 
complexes are virtually identical, and it is therefore necessary to consider their electronic 
structures in order to decide whether the maximum stability is obtained with 16 or 18 
electrons. 

We will set up co-ordinate axes as shown in the Figure. The four # orbitals of eyclo- 
butadiene have the forms 


Hy = 1b, + be + bs + by) 
be = Silt — $s) bn = V4(b2 — $5) 
oy = Ab, — $2 + ba — $e) 
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where ¢, denotes the 2p, atomic orbital of C;. Of these, y, is stable, #, and wy are of inter- 
mediate stability, and y%, has a relatively high energy. These orbitals, together with 
the valency orbitals of the metal and the o orbitals, y, and y,, of A, and Ag, respectively, 


The hypothetical structure of a 
[MA,(C,H,)| complex. 


y 


C4 


are classified in the Table according to their behaviour upon reflection in the xz and yz 
planes. 
Symmetry classification of orlntals in (CgH4)MAg. 
on cyclo Butadiene Ay, Ay M 
t bV (x1 + xa) 5, Py de, doy 
V (xa ~ Xa) Par Gus 
+ Py dy 


The last row in the Table is the simplest ; by combining ys, and d,, we obtain one orbital 
more stable and one less stable than either separately. The stable combination consists 
mainly of d,, and must be doubly occupied in a stable complex. The other combination 
will be unstable and antibonding. 

If, in the second row of the Table, we replace fp, and d,, by their sum and difference, it 
becomes clear that one of these combinations will overlap strongly with #, and the other 
with +/4$(y, — x), so that we obtain two bonding and two antibonding orbitals from the 
four. Of these, the two bonding orbitals can centain four electrons. 

Next we consider the totally symmetric orbitals. If the orbitals ds and d»_y were 
not present, one of the hybrid orbitals 4/}(s + ~,) would combine strongly with #, and 
the other with +/4(z, + xg), giving two strongly bonding and two strongly antibonding 
orbitals. Similarly, in the absence of the ligands, the d» and d,_, orbitals would be 
stable. In the actual molecule, the six orbitals will all mix; though the finer details of 
this mixing cannot be determined from a qualitative discussion, it seems almost certain 
that of the six resulting molecular orbitals four will be stable and two unstable. 

Lastly we consider the orbitals pg, p,, and d,,. If we form from p, and d,, an additive 
and a subtractive combination, the latter will overlap strongly with 4 and the former 
hardly at all. We may therefore expect there to be one bonding and one antibonding 
combination of the three orbitals, and a third, effectively non-bonding, orbital of approx 
imate form 4/}(p, + d,). The bonding orbital must be doubly occupied, and the anti- 
bonding unoccupied; the condition of the non-bonding orbital is more difficult to decide. 
Indeed, the distinction between the 18- and 16-electron structures consists solely in whether 
this hybrid atomic orbital is occupied or not, because the stable molecular orbitals number 
8 in all, 

The stability of the critical orbital 4/}(p, + d,,) depends, among other things, on the 
amount of energy required to promote an electron from the d to the next p shell. If this 
energy is large, we would expect the 18-electron structure to be unstable relative to the 
16-electron structure. This situation will arise in complexes derived from positive ions, 
since the nd-(n — 1)p separation increases with the positive charge on the metal ion. 
On the other hand, if the d-p separation is small, the 18-electron structure should be 
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favoured. The 18-electron structure is therefore most likely to appear in formally zero- 
valent metal complexes. 

in the eyclopentadienyl series a neutral 18-electron complexes (C;H,)Co(CO), and a 
positively charged 16-electron complex [((C,;H,)Fe(CO),)* have both been prepared; ! 
they are structurally analogous to the hypothetical complexes (C,H,)Ni(CO), and 
((C,H,)Co(CO),}* respectively. 

Makowka,’ repeating work by Erdmann and Koethner,* reported that when acetylene 
is passed into an aqueous solution of palladous chloride, a brown-red precipitate, 
PdC,H,OCl, is slowly deposited, which on decomposition with alkali gives a product 
containing butyraldehyde, and Makowka concluded that a C, skeleton was present as a 
structural unit. It seems likely on his evidence that the first compound was (C,H,)PdCl,, 
which subsequently hydrolysed to give (CgH,)PdCI(OH). Both of these substances would 
be 16-electron eyclobutadiene complexes, of the type described above. Bivalent palladium 
is peculiarly reluctant to form any 18-clectron complexes. 

Solutions of auric chloride also react with acetylene, as indicated by the appearance 
of a deep colour.* It is not inconceivable that this might be due to formation of a cyclo- 
butadiene complex such as [(C,H,)AuCl,)*. 

Keppe showed that acetylene polymerises in a non-aqueous solution of Ni(CN), to give 
cyclooctatetraene;* very little benzene is formed, despite its greater thermodynamic 
stability. An attractive hypothesis to explain the predominance of eyclooctatetraene 
is that this molecule is formed in a bimolecular reaction, both molecules in which contain 
a C,H, unit. We suggest that the intermediate is (C,H,)Ni(CN),, which would be a 
16-electron eyelobutadiene complex. 

Added, May 9th, 1956.—The stable monomeric complex C,H,O,Fe prepared by Reppe 
is most reasonably formulated as Fe(CO),(C,H,), since its reactions suggest that it is a 
substituted iron carbonyl. It may be an example of an 18-electron complex. 

University CHemMicaAL LABORATORY, CAMBRIDGE, [Received, November 29th, 1955. | 

Makowka, Ber., 1908, 41, 824. 


Erdmann and Koethner, Z. anorg. Chem., 1898, 18, 48. 
See Bigelow and Copenhaver, ‘ Acetylene and Carbon Monoxide Chemistry,” Reinhold, New York, 


386. Aluminium T'ri-soaps. 
By A. Gitmour, A. Jopiinc, and S. M. NELson. 
Mehrotra’s ! claim to have prepared aluminium tristearate is confirmed by 
molecular-weight measurements and X-ray analysis. An improved synthesis 
enables this soap to be isolated as a crystalline pyridine complex. Some 
physical and chemical properties of aluminium tri-soaps are reported. 


In connection with the structure of gels formed by solutions of aluminium soaps in organic 
media ® the behaviour of the neutral aluminium tri-soaps is of interest. Unsuccessful 
attempts ** have been made to prepare these and there have been speculations ® about 
the apparent difficulty of isolating them and even about their probable non-existence.* © 
The reaction which has received greatest attention is that of aluminium alkoxides with 
fatty acids. A German patent’ describes the preparation of aluminium trioleate from oleic 
acid and aluminium ethoxide in xylene but no proof of the formation of the tri-soap is 
offered. Lawrence ® stated that the distillation of three mols. of fatty acid with one mol. 


' Mehrotra, Nature, 1953, 172, 74. 

* Cf. Discussion on Hydrocarbon Gelling, Proc. Roy. Soc., 1950, A, 200, 135. 

* McBain and McClatchie, /. Amer. Chem. Soc., 1932, 64, 3266. 

* Shreve, Pomeroy, and Mysels, /. Phys. Colloid Chem., 1947, 61, 963; Mysels and Chin, J. Amer. 
Chem. Soc., 1963, 75, 1750. 

* McGee, ]. Amer. Chem. Soc., 1949, 71, 278. 

* Licata, Drugs, Oil and Paints, 1936, 61, 148, 150; Eigenberger and Eigenberger-Bittner, Kolloid 
Z., 1940, 91, 287; Gallay and Puddington, Canad. /. Res., 1948, 26, B, 156; Alexander, J. Oil Colour 
Chemists’ Assoc,, 1954, $7, 378 

’ GCP. §60946/1939 

* Lawrence, J. Inst. Petroleum, 1945, 31, 303 
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of aluminium ssopropoxide produced three mols. of isopropy! alcohol but this was disputed 
by Gray and Alexander ® who claimed that, provided that moisture was excluded, three 
mols. of alcohol were only obtained by heating to the point at which pyrolysis of the residue 
began. Mehrotra? recently reported the preparation of aluminium tristearate and tri- 
palmitate from the appropriate fatty acid and aluminium isopropoxide in benzene, the 
essential step being the distillation of the alcohol formed from the sphere of reaction and 
the subsequent prolonged evacuation of the product (200° and 0-2 mm. for 1 hr.) to remove 
any unchanged material. Whilst this probably is practicable, it is open to objection here 
since the only proof offered of the formation of a tri-soap is an elementary analysis for 
carbon, hydrogen, and aluminium. If nothing were pumped off, this will obviously be 
correct since the theoretical quantities were introduced initially. No properties of the 
products were reported. 

A modification has now been devised by which aluminium tristearate was isolated as a 
crystalline pyridine complex. The identity of this soap with that prepared by Mehrotra’s 
method has been established. 

EXPERIMENTAL 

Preparation of Some Aluminium Tri-soaps.Aluminium trioleate. This soap was prepared 
by a method essentially that of Mehrotra! from pre-war “ purissimus"’ grade Schering- 
Kahlbaum oleic acid and B.D.H. aluminium isopropoxide. The oleic acid was dried (P,O, 
in vacuo) and twice distilled under reduced pressure just before use. The aluminium isoprop- 
oxide was dried by evacuation (120°/2 mm.) for 1 hr. followed by distillation directly into the 
reaction vessel. The removal of the liberated isopropyl! alcohol in the benzene distillate was 
measured by refractive-index measurements. The soap {[Found: Al, 3-12, 3-23, AI(C,,H,,0,), 
requires Al, 3-10%] was a yellow-brown material which was plastic at room temperature and 
became less viscous with increasing temperature. 

Aluminium trilaurate. Prepared similarly from “‘ purissimus '’ grade Schering-Kahlbaum 
fatty acid (Found: Al, 4-25, 4-27. AI(C,,H,,0,), requires Al, 4-32%], this soap was a hard 
white solid which softened slowly and formed a transparent viscous liquid above 110°, On 
cooling, opacity did not develop above 72—-73° and a well-defined transition from opaque vis- 
cous liquid to a hard white solid was observed at 49-5° by temperature-time readings, Both 
the development of opacity and the lower transition were reproducible. ‘The final m, p. is some- 
what higher than the value of 94° reported by Glazer, McRoberts, and Schulman for the 
product obtained from lauric acid and trimethylaluminium. This they believed to be a mixture 
of aluminium trilaurate with finely occluded alumina. 

Aluminium dilaurate isopropoxide, In neither of the preceding preparations was it possible 
to collect the theoretical amount of isopropyl alcohol in the distillate. This discrepancy may 
have been due to the experimental error of the refractive-index method of determining the free 
alcohol or to its appreciable retention before the high-temperature low-pressure treatment 
where analysis was difficult. It was also possible that the product was not the tri-soap but the 
di-soap monoalkoxide, or a mixture of both compounds. To confirm that this was not so the 
preparation of the dilaurate isopropoxide was attempted. McRoberts and Schulman™ had 
previously reported that aluminium dilaurate sec.-butoxide is formed in benzene solution from 
2 mols. of lauric acid and 1 mol. of aluminium sec.-butoxide, We used the same method as 
for the trilaurate except that only 2 equiv. of lauric acid were taken, On mixing the reagents, 
a solution of high viscosity was obtained, distillation of which yielded 1-93 mols, of isopropyl 
alcohol and a product having properties totally different from those of the “ tri-soap.” It was 
a slightly opaque, rubber-like material which softened on heating but did not flow below about 
150°. No arrest in the cooling curve was observed. Swelling in dry hydrocarbon solvents 
occurred slowly with the formation of viscous solutions which thickened rapidly on addition of 
water [Found: Al, 5-66. Al(Cy,H,,0,),(C;H,O) requires Al, 5-57%,}. 

Aluminium tristearate. If the alkoxide reacts with stearic acid in anhydrous pyridine, the 
tri-soap crystallises from the cooled reaction mixture. Hopkin and Williams's “ anhydrous ” 
grade pyridine (fresh) was distilled over aluminium isopropoxide in a dry atmosphere and the 
middle fraction collected. The reaction was carried out in an all-glass vacuum apparatus con- 
sisting of a flask with a side-arm and tap, having a Soxhlet extractor and reflux condenser 
fitted to its neck. A known quantity of stearic acid {Eastman Kodak, recrystallised from 

* Gray and Alexander, /; Phys. Colloid Cheri, 1949, 63, 28 

” Glazer, McRoberts, and Schulman, /., 1950, 2082 

i! McRoberts and Schulman, Proc, Roy. Soc., 1950, A, 200, 136. 
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acetonitrile; found by titration with alkali (phenolphthalein) to contain 100-3 4 0-1% of stearic 
acid) was placed in the flask and in the Soxhlet thimble slightly more than the theoretical 
amount of aluminium isopropoxide (Hopkin and Williams). The flask was evacuated and the 
acid melted by gentle warming to ensure complete dryness, The anhydrous pyridine was 
admitted through the side arm from a special receiver and refluxed through the extractor until 
all the alkoxide dissolved. Any free alumina was retained in the thimble. The soap crystallised 
from the reaction mixture on cooling, With a stream of dry air or nitrogen passing through 
the side arm into the flask, the extractor and condenser were replaced by a ground-glass joint 
containing a sintered-glass filter on which the soap was collected. By admission of further 
quantities of pyridine, the soap was then was!ied and recrystallised in the same flask without 
exposure to the atmosphere, After the final filtration, the soap was pumped free from pyridine 
Found: Al, 3-156. Al(CygH,,O,), requires Al, 3-07%). As the soap had possibly been con- 
taminated by the Silicone grease used to lubricate the joints and stopcocks, a further portion 
was hydrolysed with dilute hydrochloric acid and the aluminium content of the aqueous phase 
determined gravimetrically with 8-hydroxyquinoline (Found: Al, 3-07%). The tristearate was 
a hard white material which on heating passed into a plastic form similar to that observed in 
many other metal soaps by Lawrence,” and finally melted to a clear liquid at 117—-120°. 
Cooling curves gave rather uncertain indications of transitions in the regions of 55° and 85°. 
The infrared spectra of solutions of the tristearate have been examined and details will be pub- 
lished elsewhere. The broad band attributed to hydroxy] in the spectrum of the monohydroxy- 
distearate is absent from that of the tristearate. 

Aluminium trisdodecylsulphate. Wot concentrated aqueous solutions of ammonium alum 
and sodium dodecyl sulphate were mixed in the correct proportions to form the trisdodecyl 
sulphate. On cooling, a white fatty material crystallised and was filtered off and dried at room 
temperature [Found : Al, 3-28, Al(CygH,,5O,), requires Al, 3-30%). 

Solubility.—All three carboxylate soaps are very soluble in dry hydrocarbons and in carbon 
tetrachloride. On exposure to the atmosphere or on addition of water, the solutions are con 
verted into viscoelastic gels, presumably because of hydrolysis of the tri-soap to the mono- 
hydroxy-di-soap, The trisdodecylsulphate is soluble in alcohol and in acetone on warming but 
is less soluble in non-polar solvents than the carboxylates, If this soap is heated in damp 
solvents (¢.g., acetonitrile, pyridine, benzene), opacity develops presumably owing to hydrolysis 
but no analogous tendency of these solutions to increase in viscosity has been observed. 

X-Ray Analysis.-X-Ray-diffraction measurements were made with a Hilger HRX instru- 
ment and Unicam powder camera, Cu-Ka radiation and a nickel filter being used. The powdered 
samples were enclosed in thin-walled Pyrex capillaries, 

The diffraction patterns obtained with a sample of aluminium tristearate prepared by 
Mehrotra’s method and of a sample prepared by the pyridine method are shown in Fig, | to- 
gether with powder patterns of aluminium distearate and stearic acid. The calculated inter- 
planar spacings ("‘ d"’ values, in A) are as follows: Aluminium tristearate prepared by Mehro- 
tra's method, 6-97 (very faint), 4:37--3-86 (broad band decreasing in intensity towards the 
386A edge), Aluminium tristearate prepared by our pyridine method, 7-06 (very faint), 
4-33-—3-82 (broad band decreasing in intensity towards the 3-82 A edge). Aluminium distearate, 
7:71, 6-67 (very faint), 5-73 (very faint), 4-70, 4-22, 3-87, 3-64. The spacings found for the 
distearate agree well with the data of Bauer, Fisher, Scott, and Wiberley,“ 

Molecular-weight Measuremen's.—The results of ebullioscopic molecular-weight measure- 
ments in carefully dried benzene in a modified Cottrell apparatus ™ are as follows (concen- 
trations in g. per 100 ml. of solution) : 
lrilaurate Conen, 0-16 O58 Of4 7 239 #308 %3092 480 531 
M (calc,), 624 M (obs.) 652 730 = 692 : 2 954 889 706 931 843 
Tristearate Conen. 0-56 ’ 146 «1-82 
VW (cale.), 877 M (obs.) 1547 1525 1566 

Dielectric and Viscosity Measurements,—-Toluene solutions of the trioleate and trilaurate 
have relatively high direct-current conductivities at 25°, The measuring apparatus and di 
electric cell have been described previously.“ Comparative viscosity measurements, also at 
25°, were made by the capillary flow method, These solutions were mobile, with viscosities 
little greater than that of the solvent, but when exposed to moisture they became increasingly 

‘* Lawrence, Trans. Faraday Soc., 1938, 94, 660. 

Bauer, Fisher, Scott, and Wiberley, /. Phys. Chem., 1955, 59, 30. 


“ Nelson and Pink, /., 1052, 1744 
1 Jdem, thid., 1954, 4412 
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viscous. Small, known amounts of water were therefore introduced into the anhydrous toluene 
solutions from a micropipette and dispersed by vigorous shaking. With increasing water 
content a rapid fall in direct-current conductivity was observed with a parallel increase in 
viscosity. A minimum conductivity and a maximum viscosity were observed when the soap 
and water were present in equivalent amounts, the viscosity being immeasurably high by the 
capillary flow method at this composition (Fig. 2). It is of interest that the fall in conductivity 
was accompanied by a departure of the log e’’—log f curves (e’’ = dielectric loss factor, f = fre- 
quency) from the 45° slope required for direct-current conduction, Such departures are shown 
by toluene solutions of the monohydroxy-di-soaps and may be accounted for in terms of the 
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restricted displacement of ions and charged micelles in a viscous medium.” These effects 
appear to arise from the growth of extensive chains of di-soap molecules formed by the re 
placement of one carboxylate group in the tri-soap molecule by a hydroxyl group. The effect 
of water in excess of the equivalent amount is probably one of peptisation. 


DISCUSSION 

Our preparative and analytical results provide very strong evidence for the independent 
existence of both aluminium tri-soaps and monoalkoxyaluminium di-soaps in addition to 
the monohydroxy-di-soaps. Further, comparison of the diffraction patterns establishes 
the identity of the two tri-soap preparations and disposes of the possibility that the alu- 
minium tristearate is a mixture of the crystalline distearate and stearic acid, A diffuse 
band similar to that given by the tristearate might be obtained with an amorphous mixture 
of these two compounds but the presence of the faint line at 7 A in the tri-soap pattern 
which is probably an order of a long spacing and which does not appear in the distearate 
would still require explanation. This hypothesis, therefore, seems unlikely. 

The broad band at 38—4-°3 A in the tristearate probably arises from a short spacing 
at 4-3 A in combination with a long spacing of which the faint line at 7 A is a high order. 
There are, however, insufficient orders to establish this with certainty or to permit an 
estimate of the value of the long spacing. 

The separate existence of the tri-soaps as distinct compounds is further borne out by 
the properties of their solutions in non-polar solvents. These solutions, which show 

1 Nelson, Ph.D. thesis, Belfast, 1954, 
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viscosities very little greater than those of the pure solvents, contrast strongly with the 
viscoelastic gels formed by the monohydroxy di-soaps in the same media. In accordance 
with this observation, aggregation of the tri-soap molecules in benzene at its boiling point 
appears to stop at the dimer stage, a type of behaviour which parallels that of the ferric 
tri-soap.*? 

Moreover, anhydrous tri-soap solutions show none of the dielectric anomalies associ- 
ated with the restricted movement of charged aggregates observed for dispersions of the 
corresponding monohydroxy di-soaps.'® 


We are indebted to Dr, J. H, Schulman, O.B.E., and Dr. K. C. Pink for discussion and to 
Miss |, Woodward, M.A., for assistance with the X-ray diffraction measurements, 
Tue Queen's University or Berrast 
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387. Stereochemiatry of Tervalent Arsenic Compounds. Part 11.* Optical 
Resolution of 2-p-Carboxyphenyl-5-methyl-\ : 3-dithia-2-arsaindane. 
By I. G. M. CAMPBELL. 


The compound named in the title has been resolved into (+-)- and (—)- 
forms, (a)? +8-7° 4 0-5°, which are optically stable in chloroform at room 
temperature and in ethanol at 110°, but are racemised in aqueous alkali, 
rhe existence of these enantiomers provides further evidence that arsenic is 
capable of retaining a stable pyramidal disposition of bonds when present as 
a tervalent atom in a heterocyclic ring. 


Tue dissymmetry of the 9-arsafluorenes has been demonstrated by the optical resolution 
of two members of the series, 2-amino-9-phenyl- and 9-p-carboxyphenyl-2-methoxy-9- 


arsafluorene.'- The reason for the existence of the enantiomers is, most probably, the 

stable pyramidal arrangement of the bonds from the arsenic atom, for the alternative 

explanation, the “ skew "’ configuration of the diphenyl residue in the molecule, seems 

unlikely on several counts. Nevertheless it seemed of interest to examine other hetero- 

cyclic arsenic compounds in which no alternative to a pyramidal molecule was possible, 

and derivatives of 1: 3-dithia-2-arsaindane were chosen for study because they were 
readily prepared and appeared to possess suitable 
physical properties. 

Models and scale drawings of 2-p-carboxyphenyl- 
5-methyl-I : 3-dithia-2-arsaindane (1; R = CO,H) indi- 
cate a planar configuration for the condensed ring 
system with the p-carboxyphenyl group lying above or 
below the plane at the pyramidal angle. The methyl 
group in the 5-position then renders the molecule dis- 
symmetric. The bond angles in the five-membered ring, 
measured on a model or scale drawing (see Figure) are 
C-C-S (a) 120°, C-S~As (6) 104-5", and S-As-S (y) 89-5". 
The arsenic angle, y, is therefore very close to that 
found ? in arsine, 91-5°, and the sulphur angle, 6, lies 

4A between the value of 92:25° in hydrogen sulphide * and 
113° + 3° found in dipheny! sulphide * and close to 105°, the value generally accepted for 
dimethyl sulphide. Consequently, any distortion of the bonds from the benzene ring is 


* Part | is considered to be J., 1956, 1195. 

' Campbell and Poller, ]/., 1956, 1195 

* Mulliken, /. Amer. Chem, Soc., 1955, 77, 887 

* Sutton and Hampson, Trans. Faraday Soc., 1935, 31, 945 

* Brockway and Jenkins, J. Amer. Chem. Soc, 1936, $8, 2036; Thompson, Trans, Faraday Soc., 
1041, 37, 38 
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highly improbable, and, if enantiomers occur, they must do so by virtue of the stable 
pyramidal disposition of the bonds from arsenic. 

Heterocyclic arsenic compounds of this type have been prepared by the interaction of 
arylarsonous oxides or chlorides with aliphatic or aromatic dithiols,® and have been 
examined for chemotherapeutic action, but their stereochemistry has not been investigated. 
5-Methyl-2-phenyl-1 : 3-dithia-2-arsaindane and the corresponding p carboxypheny! 
derivative were readily isolated in good yield from the reaction formulated ; 


Me SH 
+ CI,As R aD 
SH 


Both were bright yellow, highly crystalline compounds, soluble in a wide range of organic 
solvents, and the acid (1; R = CO,H) dissolved in aqueous sodium hydrogen carbonate 
and was reprecipitated unchanged, so that the arsenic-sulphur bond appeared to be stable. 

Resolution of (-+-)-2-p-carboxyphenyl-5-methyl-1 : 3-dithia-2-arsaindane (1; R 
CO,H) was carried out by crystallisation of the (+-)-l-phenylethylamine and the quinine 
salt, the former yielding the (—)-acid, [a]? —-8-7°, and the latter the (+-)-acid, {a)” +8-9° 
(c ~0°5 in CHCI,). The specific rotation of the active acids was unaffected by crystallis- 
ation from boiling ethanol or by heating in ethanol at 110° for 2 hr. The optical stability 
of this compound is therefore comparable with that of 2-amino-9-phenyl-9-arsafluorene 
under similar conditions." In pyridine, however, the rotation of the (—)-acid, {a}, —6-9°, 
fell slowly at room temperature and had reached half-value in about six weeks. Much 
more rapid racemisation occurred when the (--)-acid was dissolved in 0-1N-sodium 
hydroxide. The specific rotation of the solution was low, [a)p —-2-1°, and that of acid 
regained from it had dropped from —8-7° to —3-2°. Further, when the (-+-)-acid was 
dissolved in saturated sodium hydrogen carbonate solution, a crystalline sodium salt 
separated. This dissolved on dilution, but polarimetric examination was impossible 
because the initially clear solution became opalescent before readings could be taken. 
Acidification of the solution regenerated the cyclic acid but in optically inactive condition. 

This rapid racemisation is undoubtedly caused by fission of the arsenic~sulphur bonds 
by aqueous alkali and subsequent reversal of the reaction by acid, a type of behaviour noted 
in triaryl thioarsenites,* and studied by Cohen, King, and Strangeways ™ in compounds 
somewhat similar to the one under discussion. The latter authors have shown conclusively 
that, in solution in sodium hydroxide, alkyl thioarsenites exist in equilibrium with the 
constituent arsenoxide and thiol, and have formulated the reaction as : 


On” you 
+ 2H,0 === RAs + 2R“SH 
\sp/ H* ‘OH 


In one of the compounds studied, cysteine was introduced as the alkyl group, R’S, and, 
judging from polarimetric observations, the authors concluded that in saturated sodium 
hydrogen carbonate solution the equilibrium did not shift markedly to the right. The 
results of racemisation experiments on the arsaindane, however, indicate that sodium 
hydrogen carbonate is equally effective, for, under comparable conditions of temperature 
and time, the (+-)-acid was completely racemised in 0-3n-sodium hydrogen carbonate, 
whereas the (—)-acid, regained from solution in 0-1N-sodium hydroxide, still retained 
one-third of its original rotation. 

Racemisation possibly occurs, also, on heating, for both the active and the inactive acid 
melt between 200° and 202°, and, although a mixture of (4-)- with (4-)-acid softened at 197°, 
no significant melting-point depression could be demonstrated. The compounds differ in 
solubility, however, for it was possible to obtain optically pure (—)-acid, [a)p —8-7°, from 

* (a) Cohen, King, and Strangeways, /., 1931, 3043; (6) FE. A. H. Friedheim, B.P, 666,435, 1951 


(Chem. Abs., 1963, 47, 144). 
* Klement and May, Ber., 1938, 71, 890. 
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a specimen, [a]p ~—66°, regenerated from the more soluble quinine salt, by repeated 
recrystallisation from ethanol. 


EXPERIMENTAL 


Rotations were measured in 2 dm. tubes, unless otherwise stated. 

Toluene-3 ; 4-dithiol (0-5 g.) and sodium acetate (0-55 g.) were dissolved together in warm 
methanol (15 ml.), and phenylarsonous chloride (0-7 g.) was added to the cold solution. A 
yellow oil separated, along with sodium chloride, and the mixture was extracted with chloroform 
(20 ml.) and water (30 ml.). The chloroform extract was washed, dried, and evaporated, 
leaving a viscous oil which solidified after 48 hr. in a desiccator. Recrystallisation from ethanol 
containing a little light petroleum (b. p. 40—60°) gave 5-methyl-2-phenyl-1 : 3-dithia-2-arsaindane 
as pale yellow prisms, m, p. 53—55° (0-6 g.) (Found: C, 50-05; H, 3-5; As, 24-6. C,,H,,S,As 
requires C, 51-0; H, 3-6; As, 245%). Similarly when p-carboxyphenylarsonous chloride 
(2-67 g.) in methanol (10 ml.) was added to toluene-3 : 4-dithiol (1-56 g.) and sodium acetate 
(1-6 g.) in methanol (30 ml.) a yellow precipitate separated. Extraction of this solid with 
boiling methanol gave 2-p-carboxyphenyl-5-methyl-1 : 3-dithia-2-arsaindane as yellow needles, 
m. p, 200-—202° (3-4 g.) (Found: C, 48-5; H, 3-3; As, 21-1. C,,H,,O,S,As requires C, 48-0; 
H, 32; As, 21-4%), 

Optical Resolution.-The acid (5 g.) was dissolved in a hot solution of (-+-)-1-phenylethyl- 
amine (3-5 g., 2 equivs.) in ethanol (300 ml.). The first fraction of salt, Fl (4-2 g.), was filtered 
off after 2 hr., and two further fractions, F2 and F3 (1-05 g, and 0-75 g.), were obtained by 
successive evaporations, Fl, [a]p +5-3° (c 0-25 in EtOH), was recrystallised thrice from 
ethanol and gave pure (—)-acid-(+-)-base salt (1-6 g.), m. p, 199--200°, {a}, 0° (¢ 0-233 in EtOH) 
(Found: C, 663; H, 49, C,,H,,O,NS,As requires C, 56-0; H, 4-7%). Recrystallisation of 
F2 and F3, combined, failed to yield the more soluble salt in optically pure condition. 
Repetition of the resolution gave almost identical results, and the most dextrorotatory salt 
isolated had [a)p +11-3°, but decomposition showed it to be optically impure. 

Acid (2-5 g.), [a]p 4+-1-5° (¢ 0-525 in pyridine), recovered from the more soluble fractions of 
(4-)-1-phenylethylamine salts, was combined with quinine (2-3 g.) in ethanol-chloroform (3 : 1) 
(490 ml.). Two fractions of salt were separated; the first (3-9 g.) had m. p, 202—207°, [a], 

99-2” (c 0-265 in “ AnalaR ’’ CHCI,), and the second (0-75 g.), m. p. 204-206”, [a], —103-3° 
(c 0-237). Four recrystallisations of the first fraction from ethanol-chloroform (3: 1) gave the 
(-+-)-acid—guinine salt, m, p. 206-—207°, [a]p —-97-0° (c 0-263) (1:2 g.) (Found: C, 60-5; H, 5-2. 
Cyl y,OgN 5,48 requires C, 60-5; H, 5-2%). Crystallisation of the second fraction of salt did 
not alter its specific rotation but acid regenerated from it had [a], —2-5° (in pyridine) and was 
later shown to be optically impure, T)is resolution was repeated with (+)-acid and similar 
results were obtained, Optically impure (—)-acid, [a], —6-6° (in CHCI,), obtained from the 
more soluble fractions of salt was recrystallised four times from ethanol and then had [a], 

87° + 05° (c 0-516 in “ AnalaR "’ CHC1,), 

Isolation of (+-)- and (—)-Acid,—-The required salt was dissolved in ethanol (100 ml. per g.) 
and decomposed by addition of 0-1N-sulphuric acid at <0°, Precipitation was completed by 
the addition of water, In this way the (-+-)-l-phenylethylamine salt (0-5 g.), [a)) 0°, gave the 
(—)-acid (0-35 g.), [a]? —6-8° 4+ 0-2° (¢ 1-058 in pyridine), {a)?? —8-7° + 0-3° (¢ 0-490 in 
“ AnalaR '’ CHCl,; 4 dm, tube). Recrystallisation from boiling ethanol gave yellow needles, 
m. p. 201-—-202°, (a)? 66° + 03° (c¢ 0-607 in pyridine) (Found: C, 47-8; H, 3-4, 
C,,H,,0,5,A8 requires C, 48-0; H, 3-2%). 

Che quinine salt (0-5 g.), [a]p ~—97-0°, gave (+-)-acid (0-23 g.), m. p. 201—202°, 
(a|%” + 6-8° + 04° (c¢ 0-548 in pyridine), [a]? +-8-9° 4 0-5° (c 0-628 in “ AnalaR *’ CHCI,) 
(Found; C, 483; H, 33%). A specimen obtained in the second resolution had [a]? 

}- 8-6" + 04° (c 0-320 in “‘ AnalaR "’ CHCI,; 4 dm. tube), 

Racemisation Experiments.—A solution of (-+-)-acid (0-1008 g.), [a 4-10-4°, in ethanol 
(20 ml.), in a sealed bulb, was heated in a thermostat at 110° + 0-1° for 2 hr., cooled rapidly, 
and examined at 20°, The rotation was unaltered, 

(—)-Acid (0-0975 g.), [a]? —8-7° (in CHCI,), was dissolved by warming to 40° in 0-1n-sodium 
hydroxide (20 ml.) and found to have [a]!* —2-1°. The solution was then cooled to 0° and 
acidified with 0-In-sulphuric acid. The precipitated acid had [a|?? —3-2° (c 0-464 in CHC\I,). 
(-+-)-Acid (01002 g.) was dissolved in saturated aqueous sodium hydrogen carbonate (20 ml.) by 
warming to 35°, On cooling, the sodium salt separated and was redissolved by dilution to 
50 ml, The clear solution was transferred to a 4m. polarimeter tube, but satisfactory readings 
could not be obtained because cloudiness developed rapidly. The solution was cooled to 0° and 
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acidified with 0-In-sulphuric acid. The acid regained (0-0858 g.) was optically inactive, m. p. 
199—-201° (Found : C, 47-6; H, 34%). 


The author thanks the Chemical Society and Imperial Chemical Industries Limited for 
financial help, and Dr. R. C, Poller for assistance with the preparative work, 
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388. 7-Nitro-1-naphthylamine. Part I. Its Preparation, Halogen- 


ation, and Diazo-cowpling ; and 1: 2: 4: 7-Tetrahalogenonaphthalenes. 
By A. Harpy, E. R. Warp, and (in part) L. A. Day. 


7-Nitro-l-naphthylamine is best prepared by rearrangement of 1; 2: 3; 4- 
tetrahydro-7-nitro-l-oxonaphthaleneé oxime acetate, Diazo-coupling, 
chlorination, and bromination of the amine or its N-acetyl derivative are 
described, 1; 2:4: 7-Tetrachloro- and 1: 2: 4: 7-tetrabromo-naphthalene 
have been prepared, The former is identical with the 1; 2:7: »-tetra- 
chloronaphthalene described by Turner and Wynne.* Guareschi’s tetra- 
bromonaphthalene* is now unequivocally orientated as 1:2: 4: 6-tetra- 
bromonaphthalene, 


7-NITRO-1-NAPHTHYLAMINE was first prepared by Vesely and Dvorak * by partial reduction 
of | : 7-dinitronaphthalene (cf. Barltrop and MacPhee *) ; the product was impure and the 
yield very low. Subsequently Schroeter ! obtained it by re-arrangement of 1; 2:3: 4- 
tetrahydro-7-nitro-l-oxonaphthalene oxime acetate in hot acetic acid saturated with. 
hydrochloric acid (the so-called Wolff aromatisation, see below). We have re-investigated 
both methods and find the latter much superior. 

1 : 7-Dinitronaphthalene was reduced by Hodgson and Turner's method,® this being 
better than that of Vesely and Dvorak.4 Although we obtained a 42%, yield of 7-nitro-1- 
naphthylamine in this reaction, the overall yield from ¢-naphthylamine was only ca. 1%. 

A mixture of 1; 2:3: 4-tetrahydro-7- and -5-nitro-l-oxonaphthalene, in which the 
former greatly predominates, is obtained by nitration of 1: 2:3: 4-tetrahydro-l-oxo- 
naphthalene. Von Braun’s method of nitration’? is much better than that of Vesely and 
Stursa,® the latter being difficult to control and the yield only half that for the alternative 
method. A variety of techniques was employed in an endeavour to improve the conversion 
of the ketoxime into 7-nitro-l-naphthylamine, but none proved better than the original 


one of Schroeter, and our yield of amine could not be raised above 45%. The first paper ™ 


claimed a 51%, yield, and the patent ” 67%, but these yields were based on the product 
isolated as hydrochloride, which was almost certainly impure, and yields were not given 
for the pure amine. We investigated the effect of using a more polar medium and of 
acylating the oxime with more strongly electron-attracting groups. The oxime tri- 
fluoroacetate showed no appreciable difference in behaviour from the oxime acetate, and 
rearranged unsatisfactorily in trifluoroacetic acid. Failure also attended attempts to 
rearrange the oxime p-nitrobenzoate and to use Beringer and Ugelow’s technique ® with the 
acetate. The oxime itself could be rearranged in polyphosphoric acid but the yield was 
only 10°%, (cf. Horning and his co-workers ™), 

Whilst we made no attempt to investigate the rearrangement in detail there are 
points worth notice. The conversion of the oximes of unsaturated cyclic ketones into 


! Schroeter, (a) Ber,, 1930, 68, 1308; (b) G.P. 563,627/1932 
? Turner and Wynne, J., 1941, 243. 

* Guareschi, Gazzetta, 1886, 16, 146 

* Vesely and Dvorak, Bull. Soc. chim. France., 1923, 38, 319. 
* Baritrop and MacPhee, /., 1952, 638 

* Hodgson and Turner, /., 1943, 318, 

? von Braun, Annalen, 1926, 451, 1. 

* Vesely and Stursa, Coll. Czech. Comm., 1933, 5, 174 

* Beringer and Ugelow, /. Amer. Chem. Soc., 1953, 75, 2635. 
9 Horning, Stromberg, and Lloyd, ibid., 1952, 74, 5153 
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aromatic amines by acidic reagents is often referred to as the Wolff aromatisation. Like 
those of many other named organic reactions ™). !. 4 its title is historically inaccurate (the 
first example was described by Semmler ™ and there were several others reported before 
Wolff's); it is also confusing, there being also the ‘ Wolff rearrangement ’’ of diazo- 
ketones. If it must be named at all, this reaction should be called the Semmler aromatis- 
ation. There have been several investigations of the reaction '. 1 but none can be regarded 
as really thorough: aspects such as the configuration of the oxime or its acylated derivatives, 
the effect of substituent groups in the nucleus (or nuclei for naphthalene derivatives), and 
the nature of the by-products (which may often be considerable) have been largely ignored. 
The reaction is closely related to the Beckmann rearrangement, which often (¢.g., with 
1: 2:3: 4-tetrahydro-5 : 8-dimethyl-l-oxonaphthalene oxime acetate") occurs as an 
alternative, and the same compound can undergo either when the nature of the acylating 
group is altered (e.g., the toluene-p-sulphony! derivative of 1 ; 2: 3 : 4-tetrahydro-1-oxo- 
naphthalene oxime undergoes the Beckmann change in warm alcohol but the acetate is 
aromatised in acid"), Hence the annexed mechanism (A) seems reasonable. An alter- 
native (B) (based on a suggestion by Dr. O, Brady) receives support from the work of 
Thorpe and Atkinson.”* There is need for further investigation since the reaction is of 
value in obtaining difficultly accessible aromatic amines, ¢.g., from phenanthrene,' 
quinoline,’’ and thiophen,* 


Chlorination of N-acety!-7-nitro-l-naphthylamine in hot acetic acid yielded 
successively |-acetamido-4-chloro- and  1-acetamido-2 : 4-dichloro-7-nitronaphthalene ; 
continued reaction (cf. Bell ) introduced no more chlorine, in contrast to the behaviour of 
N-acylated-6-naphthylamines or their substituted derivatives, where addition as well as 


'! Bunnett, Chem. Eng. News, 1954, 32, 4019. 

* Ward, Chem. and Ind., 1955, 68. 

'* Brooker, ibid., p. 1261 

™ Semmiler, Ber., 1802, 26, 3352. 

'® Wolff, Gabler, and Heyl, Annalen, 1902, $22, 5. 

'* Thorpe and Atkinson, /., 1906, 89, 1906; 1907, 91, 1687. 

*? Johnson, Worock, and Buell, /. Amer. Chem. Soc., 1949, 71, 1901. 
'* Cheney and Pienning, ‘bid, 1945, 67, 729. 

” Bell, /., 1953, 3035 
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substitution can occur. The monochloro-derivative was orientated by deamination to 
the known I-chloro-6-nitronaphthalene, and the dichloro-compound by its conversion 
into 4-chloro-1-diazo-7-nitro-2-naphthol and by deamination of its reduction product 
(2 : 4-dichloro-1 : 7-naphthylenediamine) to the known 1: 3-dichloronaphthalene. The 
dichloro-diamine was tetrazotised by Hodgson and Turner's method ® and a subsequent 
Sandmeyer reaction gave 1 ; 2; 4: 7-tetrachloronaphthalene, first reported by | Claus and 
Mickle *4 who left little doubt as to its orientation. Turner and Wynne® obtained 
1; 2: 7: x-tetrachloronaphthalene (m. p. 144°) by treating 1 ; 2 : 7-trichloronaphthalene- 
x-sulphonyl chloride with phosphorus pentachloride : our compound proved identical 
with this, thus orientating the latter and the chloride from which it was derived. Further, 
the 1 : 4: 7: x-tetrachloronaphthalene (m. p. 109°) also described by Turner and Wynne * 
was not identical with our compound. 

Bromination of the N-acetyl derivative in boiling acetic acid afforded similar results, 
monohalogenation being exclusively at the 4-position and further substitution at the 
2-position; the brominated compounds were orientated by methods similar to those used 
for the chloro-analogues. 

7-Nitro-1-naphthylamine in cold chloroform gave the 2 : 4-dibromo-derivative, even 
with only 1 mol. of bromine. Use of the bromine-dioxan complex in dioxan also led to 
dibromination, though this method (Kosolapoff **) causes only monobromination of aniline 
and its derivatives. This emphasises again the greater reactivity of naphthalene 
compounds and indicates that Kosolapoff’s method is of limited application, 
1: 2:4: 7-Tetrabromonaphthalene (m. p. 164°) was obtained by a Sandmeyer reaction 
from tetrazotised 2: 4-dibromo-]:7-naphthylenediamine. It differs from the tetra- 
bromonaphthalene (m. p. 119—~120°) which had been considered to be a 1; 2: 4; 6- or 
1; 2:4: 7-tetrasubstituted compound * *. % and so it must be the former. 

Reaction of 7-nitro-l-naphthylamine with diazotised /-nitroaniline in aqueous alcohol 
yielded 7-nitro-4-p-nitrophenylazo-l-naphthylamine only, the orientation following from 
its easy acetylation, failure to form a triazole on oxidation, and the ready diazotisation 
and subsequent coupling with @-naphthol. Coupling in the 2-position may have occurred 
to a minor extent but we made no special attempt to detect it by chromatography (cf. 
Turner 25 who investigated the diazo-coupling of «-naphthylamine and its derivatives) ; 


it is rendered unlikely anyway by the exclusive 4-substitution found with the morc strongly 
electrophilic agents. 


EXPERIMENTAL 

Rearvangement of 1; 2: 3: 4-Tetrahydro-1-nitro-1-oxonaphthalene Oxime Acetate and Related 
Derivatives.—(a) Schroeter's method." Our oxime had m. p. 167-—-169° (Schroeter gives 150°), 
The yield of 7-nitro-l-naphthylamine (m. p. 110--120°) was 38-45%; recrystallised from 
ethanol, the amine had m, p, 132—133° ({jchroeter gives m. p, 133—134”), 

(b) The oxime phenylcarbamate. To the oxime (2-5 g.) in dry ether (50 c.c,) phenyl iso- 
cyanate (1-5 g.) was added; after 10 min. on the water-bath the mixture was cooled, the 
precipitate collected, washed with ether (3-6 g., 91%; m. p. 196-—-199°), and suspended in 
ethanol (30 c.c.), and hydrogen chloride was passed in for 2 hr. at 90°. On cooling, 7-nitro- 
l-naphthylamine was deposited (yield after basification 22%), 

(c) Rearrangement of the oxime with polyphosphoric acid, The oxime (1 g.) was dispersed in 
tetraphosphoric acid (20 g.) and heated at 95° for 20 min., then for a further 10 min. at 105°, 
Pouring the mixture into warm water (100 c.c.) gave a grey solid which was basified at 0° with 
aqueous ammonia, The product was dissolved in benzene and chromatographed on alumina 
with benzene-ethyl acetate (4:1; v/v) as eluant, yielding 7-nitro-l-naphthylamine (10%). 
Heating the reaction mixture at 180° for 5 min. yielded a black solid from which no amine 
could be obtained (cf. Horning ™). 

Reduction of 1: %-Dinitronaphthalene.-The procedure followed was similar to that of 
Hodgson and Turner * for 1: a The yield of 7-nitro-1-naphthylamine was 

% Hodgson and Turner, J., 1943, 

*t Claus and Mielke, Ber., 1885, is. 1182 

** Kosolapofi, J. Amer. Chem, Soc., 1953, 75, 3596. 

*® Korczynski, Rocenihi Chem., 1929, 9, 731. 

* Zalkind and Stetsuvo, J. Gen, Chem, (U.S.S.R.), 1935, 5, 94 

2 Turner, J., 1949, 2282, 
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42%, based on dinitronaphthalene converted and in addition was obtained ca. 5% of 1: 7- 
naphthylenediamine, 

Derivatives of 7-Nitro-\-naphthylamine.—The hydrochloride was unstable on exposure to air. 
N-Formyl-, m, p, 218° (Found: C, 609; H, 41, C,,H,sO,N, requires C, 600; H, 3-7%), 
N-acetyl-, m, p. 213° (Vesely and Dvorak * give 206--207°), and N-toluene-p-sulphonyl-7-nitro- 
l-naphthylamine, m, p. 202° (Found: N, 7-9; S, 92. C,,H,,O,N,S requires N, 82; S, 9-4%), 
and 7-nitro-1-4’-nitrobenzylideneaminonaphthalene, m, p. 210° (Found: C, 63-5; H, 3-9. 
Cy,H ON, requires C, 63-5; H, 3-45%,), were prepared. 

Chlorination of N-Acetyl-7-nitro-1-naphthylamine,—(a) Monochlorination. A stream of 
dry chlorine was slowly passed into a solution of the amide (1 g.) in acetic acid (25 c.c.) at 
ca 50° until 1 mol, was absorbed, Next morning the precipitated 1-acetamido-4-chloro-7-nitrc- 
naphthalene was collected, washed with acetic acid (yield, 0-5 g., 43%), and crystallised from 
acetic acid (charcoal); it had m. p. 256° (Found: Cl, 13-5. C,,H,O,N,CI requires Cl, 13-4%). 
Pouring the original filtrate on ice-water and crystallisation from acetic acid gave a further 
0-1 g. (total yield ca, 50%), The acetyl compound (0-8 g.) was refluxed for 6 hr. with ethanol 
(10 c.c.) and aqueous sulphuric acid (50% w/v; 10c.c.), the hot solution filtered, and, on cooling, 
the precipitated amine sulphate collected. MBasification at 0° with aqueous ammonia gave 
4-chloro-1-nitro-\-naphthylamine (0-60 g., 90%) (red needles) from ethanol, m. p. 206° (Found : 
C, 63-8; H, 33, CygH,O,N,Cl requires C, 53-9; H, 31%). This was deaminated by the 
method ™ of Hodgson and Turner giving 1-chloro-6-nitronaphthalene (0-15 g., 37%), m. p. 126°, 
from ethanol (charcoal) and mixed m. p. with an authentic specimen 125° (Hodgson and Turner * 
give m, p. 118-—-120°), The diazo-solution from this experiment did not give a diazo-oxide 
when poured into aqueous sodium acetate. 

(b) Dichlorination, The above procedure for chlorination and isolation was repeated with 
acetyl compound (3 g.) in acetic acid (15 c.c.), chlorine being passed in for 1 hr. at 100°. The 
original precipitate had m. p. 223-——-225° (1-72 g., 44%); crystallised as above, l-acelamido-2 : 4- 
dichloro-7-nitronaphthalene had m. p. 287° (Found: C, 47-9; H, 3-2. C,,H,O,N,Cl, requires 
C, 482; H, 27%). The filtrate yielded a product, m, p. 153-—-163° (2-2 g.) (crystallised from 
acetic acid it had m. p. 192—193°) (Found: Cl, 249%. C,,H,O,N,Cl, requires Cl, 23-2%). 
When the acetyl compound (1 g.) was used in acetic acid (25 c.c,) at 50°, continuing till 2 mols. 
of chlorine were absorbed, a 52%, yield of dichloro-compound was precipitated and a further 
12%, obtained almost pure from the filtrate, 

Hydrolysis of the dichloro-compound (1-5 g.) in ethanol-sulphuric acid as above for 8 hr. 
gave a red slurry; after cooling the solids were removed, and basified with aqueous ammonia 
at 0°, giving 2: 4-dichloro-7-nitro-l-naphthylamine (1-25 g., 97%), m. p. 222°; recrystallised 
from ethanol (charcoal) this had m., p, 228° (Found: Cl, 27-6. C,,H,O,N,Cl, requires Cl, 27-6%). 

Diazotising this amine by Hodgson and Turner’s method and adding the diazo-solution to 
aqueous sodium acetate gave 4-chloro-1-diazo-7-nitro-2-naphthol (in quantitative yield), m. p. 
175° (decomp.) (before or after crystallisation from dioxan) (Found: C, 48-1; H, 1-6. 
C,gH,OgN,Cl requires C, 48-1; H, 16%), 

The dichloro-amine was converted into 2: 4-dichloro-1: 7-naphthylenediamine by refluxing 
it (1-0 g.) with water (20 c.c.) containing iron dust (2-5 g.) and ferrous ammonium sulphate 
(0-2 g.) in carbon dioxide for 1Ohr, The solids separating on cooling were collected, washed with 
water, and extracted with hot ethanol (50 c.c,), the extract was diluted with water (100 c.c.), 
and the solids were collected, washed with water, and dried in vacuo (yield 0-73 g., 84%); 
crystallisation from ethanol gave white needles, m, p. 135—136° (Found : Cl, 30-9. C,,H,N,Cl, 
requires Cl, 31-3%). This was diazotised by dissolving it (0-75 g.) in acetic acid (12 c.c.), adding 
sulphuric acid (d 1-84; 2 c.c.), then pouring the whole into sodium nitrite (0-6 g.) in sulphuric 
acid (d 1-84; 4 -c¢.c,) below 20°, After 30 min, the mixture was added rapidly to methanol 
(15 c.c.) containing cuprous oxide (1-75 g.), 80 as to keep the mixture at the b. p. After 15 min. 
the mixture was poured into water (100 c.c.), and the solids were collected, washed with water, 
and extracted with boiling ethanol (30 c.c.). After refluxing with charcoal, the extract was 
filtered, and concentration to 15 c.c, gave crude 1 : 3-dichloronaphthalene, purified by sub- 
limation, yielding material (0-05 g., 8%), m. p. 58°, which on crystallisation from ethanol (charcoal) 
had m, p. 61° (Weissberger ” gives m. p. 61—-62°). 

(c) 1: 2:4: 7-Tetrachloronaphthalene. The dichloro-diamine (0-56 g.) was tetrazotised as 
above and the diazo-solution added with stirring to one of cuprous chloride (0-6 g.) in hydro- 
chloride acid (4 1-2; 6.c.) at 60°, After 30 min. the whole was poured into water (25 c.c.), 


** Hodgson and Turner, /., 1943, (a) 862; (b) 391. 
*’ Weissberger, Trans. Faraday Soc., 1934, 30, 894 
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and the solids were washed with water and dried, giving material (0-57 g.), m. p. 115°. Extrac- 
tion with hot ethanol (35 c.c.; charcoal) gave a product, m. p. 138—140° (0-17 g., ca. 26%) ; 
crystallised from ethanol this had m. p. 143—144° alone or mixed with Turner and Wynne's 
specimen (Found ; Cl, 53-8. C,9H,Cl, requires Cl, 53-4%). 

Dibromination and Attempted Monobromination of 7-Nitro-1-naphthylamine.—To a solution 
of the amine (10 g.) in dry chloroform (200 c.c.) was added dropwise at room temperature, 
during 15 min., a solution of bromine (18-5 g., 4-4 mols.) in chloroform (6 ¢.c.), Solid hydro- 
bromide separated at once but the mixture was kept overnight before the precipitate was 
separated, washed with chloroform, and air-dried. The hydrobromide (which hydrolysed in 
air) was basified with aqueous ammonia, yielding 2: 4-dibromo-7-nitro-1-naphthylamine (16-5 g., 
90%), m. p. 226—227°, forming crimson needles, m. p. 237°, from ethanol (Found: Br, 45-9; 
N, 81. C,,H,O,N,Br, requires Br, 46-2%; N, 8-1%). Using only 1 mol. of bromine gave the 
same product, plus unchanged starting material, readily separable by cold dilute hydrochloric 
acid (5% w/v). 

Bromination by Kosolapoff’s method * was carried out by mixing the amine (0-5 g.) in 
dioxan (1 c.c.) with potassium hydroxide (0-15 g.) in water (0-5 c.c.), and then adding bromine 
(0-43 g.) in dioxan (46 g.) during ! hr, at 3—4°. Next morning 0-4n-aqueous potassium 
hydroxide (2-5 c.c.) was added and the red product collected, washed with water, and dried 
(0-36 g.; m. p. 213—215°). The crude product (0-1 g.) was chromatographed in benzene, with 
benzene-ethyl] acetate (9:1; v/v) as eluant. In this way 2: 4-dibromo-7-nitro-l-naphthyl- 
amine (0-070 g.) and 7-nitro-l-naphthylamine (0-010 g.) were obtained, no monobromo-amine 
being detected. 

The dibromo-amine was converted into 4-bromo-1-diazo-7-nilro-2-naphthol by dissolving it 
(0-6 g.) in hot acetic acid (12 c.c.), cooling to 15°, adding it to a soiution of sodium nitrite (0-2 g.) 
in sulphuric acid (d 1-84; 1 c.c.) below 20°, keeping the solution for 30 min, and then adding it 
to sodium acetate (5 g.) in water (50 c.c.). The precipitated product was collected, dried 
in vacuo in the dark; crystallised from aqueous dioxan it had m, p. 156°5° (Found; Br, 27-45. 
C,,H,O,N,Br requires Br, 27:2%). 

The dibromo-amine was reduced to 2: 4-dibromo-1 : 7-naphthylenediamine by a method 
similar to that adopted for the corresponding dichloro-compound, The yield was 51% of 
almost pure product, which from aqueous ethanol (1:1; v/v) formed white needles, m. p. 
122° (decomp.) (Found: Br, 47-0; C, 40-7; H, 3-3. C,,H,N,Br, requires Br, 50-7; C, 37-9; 
H, 2-55%). 1: 3-Dibromonaphthalene was obtained from this diamine in the same way as 
for the corresponding dichloro-compound, The crude product was purified by sublimation, 
giving a 7% yield of product, m. p, 63° (from ethanol) (Meldola™ gives m. p, 64°) (Found ; 
Br, 54-8. Calc. for C,,H,Br,: Br, 55-9%). 

Mono- and Di-bromination of N-Acetyl-7-nitronaphthylamine,—To a solution of the acetyl 
compound (2 g.) in acetic acid (10 c.c.) containing anhydrous sodium acetate (0-75 g.) was added, 
during 45 min, under reflux, bromine (1-05 mol.) in acetic acid (13-4 c.c.). Heating was 
continued for a further 30 min, on the water-bath, the mixture cooled with stirring, and the 
precipitate of 1-acetamido-4-bromo-1-nitronaphthalene washed with acetic acid and water; 
after drying, it gave 2-25 g. (84%) of product, m. p. 258-—-261°, which on crystallisation from 
acetic acid had m. p. 265° (Found: Br, 25-9, C,,H,O,N,Br requires Br, 25-8%). This (2-0 g.) 
was refluxed with aqueous sulphuric acid (60% w/v; 10 c.c.) and ethanol (10 ¢,c.) for 3 hr., 
the considerable residue removed by filtering the hot solution, and the amine sulphate deposited 
on cooling collected. The original residue was again refluxed with the hydrolysing mixture 
(50 c.c.) for 5 hr., and the combined amine sulphates were basified at 0° with aqueous ammonia, 
yielding 4-bromo-7-nitro-1-naphthylamine (1-60 g., 92%,), which, crystallised from light petroleum 
(b. p. 100-—120°), had m. p. 197° (Found: Br, 30-1. C,,H,O,N,Br requires Br, 30-0%), De- 
amination as for the corresponding chloro-compound yielded 1-bromo-6-nitronaphthalene 
(18%), m. p. and mixed m. p. 129° (from ethanol) (Hodgson and Turner ™ give m. p, 131°). 

1: 2:4: 7-Tetrabromonaphthalene.—2 : 4-Dibromo-1: 7-naphthylenediamine (0-8 g.) was 
tetrazotised as for the corresponding chloro-compound and the diazo-solution added to one of 
cuprous bromide (0-9 g.) in hydrobromic acid (6 ¢.c.; 50°, w/v) at 20°, left overnight, and then 
poured on ice-water (200 c.c.), The dried collected solids were extracted with ethanol portion- 
wise (total 45 c.c.), and the extract was refluxed with charcoal and filtered. On cooling it 
deposited crude 1 ; 2: 4: 7-tetrabromonaphthalene, m. p. 147-—150° (0-22 g., 20%); recrystallised 
from ethanol it had m. p. 165° (Found: C, 27-7; H, 0-8; Br, 69-5. C,,H,Br, requires C, 27-1; 
H, 0-9; Br, 721%). 

** Meldola, Ber, 1879, 12, 1961. 


1984 Ames, Bowman, Evans, and Jones : 


Coupling with 7-Nitro-\-naphthylamine.—A solution of p-nitrobenzenediazonium hydrogen 
sulphate (0-65 g.) in water (15 c.c.) was added slowly during 30 min., with stirring, to one of the 
amine (0-5 g.) in ethanol (15 c.c.) containing sodium acetate (0-36 g.) sufficient to neutralise all 
the mineral acid, the temperature being kept at 0°, After further 30 minutes’ stirring, the 
precipitate was collected and washed with cold ethanol (10 c.c,) and hot water (20 c.c.). The 
yield of 7-nitro-4-p-nitrophenylazo-|-naphthylamine (m. p. 264-—270°) was 0-78 g. (88%), which 
from nitrobenzene (charcoal) formed purple-black needles with a greenish-golden reflux, m. p. 
207° (Found: C, 66-7; H, 344. CygH,,O.N, requires C, 56-7; H, 33%). This could not be 
oxidised to a triazole with chromium trioxide in boiling acetic acid, It was, however, acetylated 
by refluxing it (0-15 g.) in acetic acid (10 c.c.), acetic anhydride (2 c.c.), and sodium acetate (1 g.) 
for2hr. On cooling, 1-acetamido-7-nitro-4-p-nitrophenylazonaphthalene was deposited (0-125 g., 
75%), having m. p, 329-—-330° (decomp.) unchanged by extraction with boiling acetic acid (10 c.c.) 
(Found: C, 57-0; H, 3-5, CygHyyO,N, requires C, 67-0; H, 34%). 7-Nitro-4-(p-nitrophenyl- 
azo-\-naphthylazo)-2-naphthol was prepared by adding sodium nitrite (0-14 g.) to a solution of 
the original azo-compound (0-4 g.) in acetic acid (15 c.c.) containing hydrochloric acid (d 1-2; 
0-5 ¢.c.) below 12°, stirring the whole for 30 min., and adding it slowly to a solution of -naphthol 
(0-25 g.) in aqueous sodium hydroxide (20% w/w; 60 c.c.) containing crushed ice (60 g.) After 
1 hour's stirring the mixture was heated to 50°, and the product collected and washed with water 
(0-48 g., 82%; m, p, 216—-220°), From nitrobenzene (charcoal) it formed violet-black needles 
with a greenish-golden reflex, having m. p. 292° (decomp.) (Found: C, 57-2; H, 3-15; N, 20-9. 
Cagll Ogg requires C, 63-5; H, 3-3; N, 17-1%). 
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By D. E. Ames, R. E. Bowman, D. D. Evans, and W. A. Jones. 


Attempts to synthesise the serotonin analogues (I1) are described, The 
use of lithium borohydride for the reduction of 3-indoly! ketones to the 
corresponding alcohols has been examined, 


Tue pharmacological importance of serotonin (I) and other indolylalkylamines * led us to 
examine the synthesis of some compounds of type (II), containing an adrenaline-like side- 
chain, for biological evaluation. As far as we are aware the only compound of this type 
which has been described is the parent (Il; R = R’ = R” = H), whose picrate is reported 


HO CH, CHyNH, R on “CH, NKR” 
Hu 
N N 
H 


() H (11) 


by Majima and Kotake.* Attempts to repeat this work could not be pursued as condens- 
ation of l-acetyl-3-formylindole with nitromethane gave only a very small yield of 
|-acetyl-3-(1-hydroxy-2-nitroethyl)indole. When the compound (IT; R = R’ = R” = H) 
was ultimately obtained by a different method it differed markedly from that described by 
these authors. 

The first route investigated was the condensation of indolylmagnesium iodide with 
benzamidoacetaldehyde, None of the desired product (II; R = R’ =H, R” = Bz) 
could be isolated, however, the only crystalline product being the bis-compound (III). 
Majima and Kotake ® similarly obtained di-3-indolylphenylmethane from indolylmagnesium 
iodide and benzaldehyde. 


' Erspamer, Pharmacol. Rev., 1954, 6, 425. 
* Majima and Kotake, Ber., 1925, 68, 2037. 
® Idem, ibid., 1922, 66, 3865. 
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An alternative approach to the synthesis of compounds of type (II) consists of reduction 
of the cyanohydrin of 3-formylindole. Attempts to prepare this cyanohydrin by addition 
of potassium cyanide to the aldehyde in acetic acid or in bisulphite solution were 
unsuccessful. This lack of reactivity is consistent with Thesing’s view * that 3-formyl- 
indole may be regarded as the vinylogue of an amide. 


* | tL) Cis NH-CO ,-CH,Ph 
CH 
YQ N i 7 N SQ N 
H NH H H 


! 
COPh (U1) (lV) 


The reduction of 3-indolyl ketones was next examined as a means of introducing the 
hydroxyl! group into the side-chain. 3-Acetylindole has been reduced by sodium ethoxide 
at a high temperature ® and with lithium aluminium hydride,* the sole product being 
3-ethylindole in each case. Similarly, reduction of 3-formylindole with lithium aluminium 
hydride gives only skatole,® but 3-hydroxymethylindole has recently been obtained by the 
use of potassium borohydride for this reduction.’ Before the latter method was published 
we had reduced 3-formylindole and various 3-indoly! ketones with lithium borohydride in 
tetrahydrofuran. 3-Formylindole was thus reduced in high yield to 3-hydroxymethyl- 
indole, and 1-acetyl-3-formylindole gave l-acetyl-3-hydroxymethylindole which could 
readily be deacetylated. 3-Formyl-l-methylindole yielded 3-hydroxymethyl-1-methyl- 
indole as an oil, but some di-l-methylindolylmethane was also obtained (though this may 
have been an artifact formed during distillation). Reduction of 3-acetylindole with lithium 
borohydride in cold tetrahydrofuran gave 3-1’-hydroxyethylindole but much starting 
material was always recovered, and when the reduction was carried out in refluxing solvent 
only 3-ethylindole was isolated. Similar results were obtained in the case of 1 ; 3-di- 
acetylindole, about half the starting material being recovered. 

Despite the difficulty of achieving this reduction without effecting hydrogenolysis of 
the oxygen-carbon bond, application of this method to the preparation of hydroxy-amines 
(II) was investigated. Benzyloxycarbonylglycy! chloride was condensed with indolyl- 
magnesium bromide to give the ketone (IV; R = H) which was reduced with lithium 
borohydride, the alcohol (II; R = R’ = H, R” = COyCH,Ph) being obtained in good 
yield. Catalytic hydrogenation furnished the hydroxy-amine (IL; R = R’ « R” = H), 
isolated as the picrate; attempts to isolate the free amine or the hydrochloride failed. The 
colourless solution of the hydrochloride, obtained from the picrate by ion-exchange, 
rapidly became dark red on concentration in the cold. A similar synthesis starting with 
benzyloxycarbonylsarcosyl chloride yielded the compound (If; R = R’ « H, R” = Me), 
also isolated as the picrate. Sarcosine was conveniently prepared on a considerable scale 
from ethyl chloroacetate and benzylmethylamine. 

Condensation of 5-benzyloxyindolylmagnesium bromide with benzyloxycarbonylglycy] 
chloride yielded the ketone (IV; R ==: CH,Ph-O) but the corresponding alcohol (Il; R = 
CH,Ph:O, R’ = H, R” = -COyCH,Ph), obtained by lithium borohydride reducson, was a 
glass. Catalytic debenzylation of this material gave an amorphous solid from which the 
alcohol (Il; R = OH, R’ = R” = H) could not be obtained pure or crystalline. 

Finally it was hoped to prepare the alcohol (II; R = H, R’ == R” «= Me) by reduction 
of the dimethylamino-ketone (VII). Reaction between indolylmagnesium bromide and 
chloroacetyl chloride furnished a di(chloroacety!)indole which is formulated as (V) on the 
basis of the following evidence. On treatment with dimethylamine in cold ethanol it yields 
an insoluble chloroacetylindole, m. p. 230°, converted by catalytic hydrogenation in the 
presence of a base into the known 3-acetylindole. The intermediate chloroacetylindole 
must therefore be the 3-isomer; fractional crystallisation of the products from the Grignard 


* Thesing, Chem. Ber., 1954, 87, 507. 

5 Alberti, Gazzetta, 1937, 67, 238. 

* Leete and Marion, Canad. J]. Chem., 1963, $1, 775 

’ Silverstein, Kyskiewicz, and Chaikin, J. Amer. Chem. Soc., 1954, 76, 4485. 
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reaction yielded more of this product, but the di(chloroacetyl)indole was the main product 
even when equimolar proportions of reactants were employed. Previous work ** on 
this condensation, however, has been stated to give a 3-chloroacetylindole, m. p. 214”. 
Mingoia * also obtained material, m. p. 214°, but, in addition, isolated an “ isomer,”’ m. p. 


CO-CH,Cl O’CH, Cl O-CH,-NMe, 


ES SN ——___—__—» 
N Cold NHMe, Hot NHMe, N 

/ 
wy " (VY)  CO-CH, CI wi "4 


230°, which he considered was the 2-isomer since it gave indole-2-carboxylic acid on fusion 
with potassium hydroxide. Speeter and Anthony ™ have recently pointed out that such 
evidence is valueless as 3- as well as 2-substituted indoles give the 2-carboxylic acid on 
alkali fusion. It is therefore suggested that Mingoia’s product, m. p. 230°, was actually 
3-chloroacetylindole and that the specimens, m. p. 214°, of earlier workers were impure and 
probably contained some 1 : 3-di(chloroacetyl)indole. 

Treatment of either 3-chloroacetylindole or 1 ; 3-di(chloroacetyl)indole with dimethy]- 
amine in ethanol-methoxyethanol gave the required 3-dimethylaminoacetylindole (VII). 
Repeated attempts to reduce this ketone with lithium borohydride were unsuccessful, most 
of the ketone being recovered, although it evidently formed a complex with the boro- 

hydride. Reduction with approximately the calculated 
CH 2 PhO CO-CO'NMe, amount of lithium aluminium hydride gave a complex 
mixture from which the required alcohol could not be 
N (VIN) isolated. 
H . » 
When this work was nearly complete Dr. R. F. 
Parcell (Parke, Davis and Co., Detroit) kindly informed us that in unpublished work he 
had obtained the phenol (II; R = OH, R’ = R” = Me) by reduction of the ether (VIII) 
with lithium aluminium hydride in dioxan-ether followed by catalytic debenzylation 
(contrast Speeter and Anthony !*), 


EXPERIMENTAL 


Keaction between Indolylmagnesium Iodide and Benzamidoacetaldehyde,—Ethereal indolyl- 
magnesium iodide (15 c.c.; 1M) was added to a stirred suspension of benzamidoacetaldehyde 
(4-1 g.) in ether (25 ¢.c.), and the mixture stirred for 5hr, Decomposition of the complex with 
ammonium chloride solution and extraction with ether furnished an oil which was washed with 
boiling light petroleum (b, p. 60-—-80°), The gum was triturated with ether, to give a small 
amount of 1-benzamido-2 : 2-di-3’-indolylethane (111), m, p. 187-—-190° (Found : C, 78-9; H, 5-5; 
N, 10-9. CysH,,ON, requires C, 70-1; H, 56; N, 111%). 

Reductions with Lithium Bovohydride. General Procedure.—Lithium borohydride (1 g.) was 
added to a suspension of the ketone (5 g.) in tetrahydrofuran (40 ¢.c,; dried over CaH,), and the 
mixture left at room temperature for 2 hr. with occasional shaking. After addition of 
ammonium chloride solution and extraction with ethyl acetate, the extracts were washed with 
water, dried (Na,SO,), and evaporated in vacuo (bath <40°), the residue being crystallised or 
distilled 

rhus were prepared 3-hydroxymethylindole (5-2 g. from 5-8 g. of 3-formylindole), m. p. 89 
O1° (varies with rate of heating 7?) (Found; C, 73-6; H, 6-4. Cale. for CSH,ON: C, 73-5; H, 
62%), and l-acetyl-3-hydroxymethylindole (0-5 g. from 1-0 g. of 1l-acetyl-3-formylindole *), 
needles, m. p. 137--139°, from benzene-ethyi acetate (Found: C, 69-8; H, 59; N, 7-6. 
C,,H,,O,N requires C, 69-8; H, 59; N, 7-4%). In another experiment the crude reduction 
product from L-acetyl-3-formylindole (2-0 g.) was dissolved in ethanol (20 c.c.) and treated with 
ethanolic dimethylamine (3 ¢.c.; 33%) at room temperature for 1 hr, Evaporation in vacuo, 
addition of water, and isolation with ether furnished 3-hydroxymethylindole (0-7 g.), m. p. 
95 98 

* Majima and Kotake, Chem, Soc. Japan, 1922, 43, No. 12; Sanna, Gazzetta, 1929, 59, 838 

* Mingoia, thid., 1931, 61, 646. 

” Speeter and Anthony, /. Amer. Chem. Soo,, 1964, 76, 6208 
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3-H ydroxymethyl-\-methylindole.—3-Formy|-l-methylindole (6:4 g.) was reduced by the 
general procedure and the product distilled, two fractions being separated : (i) 3-hydroxymethyl- 
1-methylindole, b. p. 150—160°/2 mm. (Found: C, 74-7; H, 7-1; N, 88. C,,H,,ON requires 
C, 74:5; H, 69; N, 87%); and (ii) a resinous gum, b. p. 215—220°/0-4 mm. The latter 
crystallised on trituration with methanol and recrystallisation from the same solvent afforded 
di-(1-methyl-3-indolyl) methane, prisms m. p. 105—109° (Found: C, 83-0; H, 68; N, 10-6, 
CygH,,N, requires C, 83-2; H, 6-5; N, 10-2%). 

Reduction of 3- Acetylindole.—(a) When 3-acetylindole (6-4 g.) was reduced with lithium boro- 

hydride (1-0 g.), starting material (2-8 g.) was recovered and 3-1’-hydroxyethylindole (1-6 g.) was 
obtained as an orange oil (Found: C, 74-1; H, 7-3; N, 8-4. Cy, ,H,,ON requires C, 74:5; H, 
6-9; N, 87%). (b) Starting material (0-5 g.) was again recovered when the ketone (6-4 g.) and 
lithium borohydride (1-0 g.) in tetrahydrofuran (25 c.c.) were refluxed for 50 min. Distillation 
of the product, isolated in the usual manner, gave 3-ethylindole (2-3 g.), b. p. 128-—129°/5 mm., 
m. p. 33—35° (Found: C, 82-8; H, 7-7; N, 98. Cale. for C,gH,,N: C, 82-7; H, 7-6; N, 
9-7%). 
Reduction of 1: 3-Diacetylindole.—The diacetylindole (2-0 g.) was reduced by the general 
procedure, 0-8 g, being recovered unchanged on trituration with ether-ethyl acetate. Evapor- 
ation of the mother-liquors in vacuo yielded a brown gum which appeared to be mainly 1-acetyl- 
3-1’-hydroxyethylindole (Found: C, 70-3; H, 67; N, 62. C,,H,O,N requires C, 70-9; H, 
6-5; N, 69%). 

3-Benzyloxycarbonylaminoacetylindole.—A suspension of N-benzyloxycarbonylglycine (10 g.) 
in ether (100 c.c.) was treated with oxalyl chloride (15 g.) at room temperature for 2 days; the 
solution was decanted into benzene (250 c.c.) and evaporated to dryness in vacuo (bath <30°). 
The residual acid chloride in ether was rapidly added to a vigorously stirred, ice-cooled solution 
of indolylmagnesium bromide (from indole, 5-9 g.) in ether (1 1.). After 30 min. saturated 
ammonium chloride solution (300 c.c.) was added and stirring continued until the red gummy 
complex had decomposed to give a white solid. Separated by filtration and washed with water 
and ether, the crude ketone (3-7 g.) had m. p. 215—-220°. Extraction of the filtrate with ethyl 
acetate and trituration of the resulting gum with ether yielded more material, m, p, 215-—-220° 
(0-2 g.). The ketone separated from ethanol in plates, m. p. 227-—-230° (Found: C, 70-0; H, 
5-2; N, 94. CygH,,O,N, requires C, 70-1; H, 5-2; N, 91%). 

3-(2-Benzyloxycarbonylamino-1-hydroxyethyl)indole.The foregoing crude ketone (5-0 g.) was 
reduced by the general procedure; the resulting alcohol (4-1 g.) crystallised from benzene as 
plates, m. p. 116—117° (Found: C, 69-8; H, 6-0; N, 92. C,,H,sO,N, requires C, 69-7; H, 
5-9; N, 90%). 

3-(2-A mino-1-hydroxyethyl)indole.—-The alcohol (6:3 g.) in ethanol (80 c.c.) was hydrogenated 
in the presence of 5%, palladised charcoal (1 g.) until absorption ceased. The filtered solution 
was concentrated to small volume under reduced pressure and treated with picric acid (3-5 g.) 
in methanol-water (2:1; 40 c.c.); the precipitated picrate (5-6 g.) decomposed above 95” 
without melting. Recrystallisation from aqueous methanol gave plates which decomposed at 
100° without melting (Found: C, 47-6; H, 3-9; N, 17-7. Cale. for C,gH,,O,N,: C, 47-4; H, 
3-7; N, 17-38%). Majima and Kotake#* claimed to have prepared this picrate as orange 
crystals, m. p. 188°. The product prepared as described above was bright yellow but 
became orange, owing to decomposition, during attempts to recrystallise it from high-boiling 
solvents. 

In another experiment, the alcohol (0-5 g.) was hydrogenated similarly and the crude product 
treated with periodic acid (0-5 g.) in aqueous methanol. After 1 hr, the mixture was con- 
centrated and diluted with water; recrystallisation of the precipitate from aqueous ethanol gave 
3-formylindole, m. p. 186—188° undepressed by admixture with authentic material (the infra- 
red spectra of the samples were identical). 

Sarcosine.--Ethy]! chloroacetate (216 g.) was added during | hr. to stirred, refluxing benzyl- 
methylamine (430 g.) and heating continued for a further }hr, Isolated in the usual manner and 
fractionally distilled through a short Fenske column, ethy! N-benzyl-N-methylaminoacetate 
(306 g.) was obtained as a colourless oil, b. p. 103-—-108°/15 mm., n? 1-4999 (Mannich and 
Kuphal " give b. p. 138°/13 mm.), The ester (306 g.) in ethanol (400 c.c.) was refluxed with 
5n-sodium hydroxide solution (400 c.c.) for 6hr. After addition of water (400 c¢.c.), ethanol was 
removed by distillation. The solution was adjusted to pH 645 with hydrochloric acid and 
evaporated to dryness under reduced pressure; repeated extraction of the residue with hot 


1} Mannich and Kuphal, Ber., 1912, 46, 314. 
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chloroform-ethanol (2:1) gave N-benzylsarcosine (197 g.), m. p. 184—190°. Recrystallisation 
from the same solvents furnished needles, m. p. 190-—-191° (lit.,4 m, p. 189--190°). The amino- 
acid (36 g.) in ethanol (300 c.c.) and water (100 c.c.) was hydrogenated in the presence of 5%, 
palladised charcoal (2 g.), absorption being complete in 3-5 br. Concentration of the filtered 
solution to small volume followed by dilution with ethanol and then acetone yielded sarcosine 
(16-9 g.), m. p. 198---204° (decomp.). 

N-Benzyloxycarbonylsarcosine.-Sarcosine (14-2 g.) was dissolved in 2n-sodium hydroxide 
(80 c.c.), and the mixture stirred and cooled while sodium hydroxide solution (80 c.c.; 2n) and 
benzyl! chloroformate (27 g.) were added simultaneously during 30 min. After being stirred for 
a further 30 min, and washed with ether (3 x 100 c.c.), the aqueous layer was cooled and 
acidified with concentrated hydrochloric acid (25 c.c.). Isolated with ethyl acetate, the acid 
was a viscous gum (Found: C, 69-1; H, 6-1; N, 63. ©,,H,,O,N requires C, 59-2; H, 5-9; N, 
63%). 

3-(N-Benzyloxycarbonylsarcosyl)indole.—The foregoing acid in ether (100 c.c.) was treated 
with oxalyl chloride (25 g.) as in the previous example, and the crude acid chloride similarly 
condensed with indolylmagnesium bromide (from indole, 17-6 g.) in ether (11.). Decomposition 
of the complex with ammonium chloride solution gave only a little amorphous solid which was 
discarded, By extraction of the filtrate with ethyl acetate, washing with water, drying 
(MgSO,), and evaporation in vacuo, a gum was obtained which crystallised on trituration with 
ether-ethyl acetate. This crude product (3-8 g.) had m. p. 150—160°; recrystallisation from 
ethyl acetate gave the ketone, plates, m. p. 164-——-166° (Found: C, 70-6; H, 60; N, 8-9. 
Cyl yOu, requires C, 70-8; H, 6-6; N, 8-7%). 

2-(2-N-Benzyloxycarbonyl-N -methylamino-1|-hydroxyethyl)indole.—Reduction of the ketone 
(2-5 g.) with lithium borohydride according to the general procedure gave the alcohol (1-9 g.) 
which separated from benzene in needles, m. p. 105-~106° (Found: C, 70-6; H, 6-4; N, 8-6. 
Cygll gO, requires C, 70-4; H, 6-2; N, 86%). 

3-(1-Hydroxy-2-methylaminoethyl)indole Picrate.-The benzyloxycarbonyl compound (0-4 g.) 
in ethanol (30 c.c.) was hydrogenated with 5%, palladised charcoal (0-5 g.), and the resulting 
amine isolated as the picrate from aqueous methanol. It decomposed at ca. 90° without melting 
(Found: C, 48-9; H, 41; N, 16-9, C,,H,,O,gN, requires C, 48-7; H, 4-1; N, 16-7%). The 
bright yellow picrate darkened to orange during attempts to recrystallise it, even from methanol, 
and analytical data on the products were unsatisfactory. 

56- Bensyloxy-3-benzyloxycarbonylaminoacetylindole.-Finely powdered 5-benzyloxyindole ™* 
(11 g.) was added to a stirred, ice-cold, ethereal solution of ethylmagnesium bromide (from 1-2 g. 
of magnesium), After 15 minutes’ stirring, benzyloxycarbonylglycyl chloride (from the acid, 
10-5 g.) was added and the mixture refluxed for 1 hr. Addition of ammonium chloride solution 
and extraction with ethyl acetate yielded a gum, which partially crystallised on trituration with 
a little ethyl acetate, to give material (2-1 g.), m. p. 172--176°. The ketone crystallised from 
ethyl acetate (charcoal) in prisms, m. p. 181—183° (Found: C, 72-0; H, 53; N, 6-8. 
CypHyO,N, requires C, 72-5; H, 6-4; N, 68%). 

3-(2-A mino-1-hydroxyethyl)-5-hydroxyindole,—-The foregoing ketone (1-0 g.) in tetrahydro- 
furan (20 c.c.) was reduced with lithium borohydride (0-4 g.). Isolated in the usual manner, 
5-bensyloxy-3-(2-benzyloxycarbonylamino-1-hydroxyethyl)indole was a gum (Found, after drying 
at 30°/0-1 mm. for 1 hr,: C, 72-2; H, 68. CysH,,O,N, requires C, 72:1; H, 5-8%). 

The alcohol (from 4-4 g. of ketone) in ethanol (60 c.c.) was shaken in hydrogen with 5%, 
palladised charcoal (2 g., 1 g., 1 g. portions) until 2 mol. had been absorbed. Evaporation of 
the filtered solution gave a gum. Amorphous solid (1:3 g.) was obtained by dissolution in 
butanol, followed by addition of toluene to the filtered (charcoal) solution. Reprecipitation in 
the same manner yielded an almost colourless solid which was dried at 57°/0-1 mm. for 8 hr.; it 
decomposed at ca, 110° without melting (Found: C, 63-1; H, 61; N, 126. Cy, sH,,O,N, 
requires C, 62-5; H, 63; N, 146%). This product presumably consisted mainly of the phenol 
(IL; K = OH, R’ = R” « H) but it could not be obtained crystalline and attempts to purify it 
further were unsuccessful, 

1 : 3-Di(chloroacetyl)indole.—Indolylmagnesium bromide (from indole, 23-4 g.) in ether (1 L.) 
was stirred vigorously at 0° while chloroacety! chloride (15 c.c.) in ether (100 c.c,) was added 
rapidly. After the mixture had been stirred for a further 30 min., saturated ammonium chloride 
solution (800 c.c.) was added, The insoluble colourless product [12-3 g.; m. p. 165—175° 
(decomp.)| was collected and washed with water and ether. Recrystallisation of a portion from 


4 Boehme, J. Amer. Chem. Soe., 1063, 76, 2502. 
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methanol-ethyl acetate (1:1) gave stout needles of 1 : 3-di(chloroacetyl)indole m. p, 175—- 
176° (Found: C, 53-3; H, 3-4; N, 5-3; Cl, 26-0. C,,H,O,NCI, requires C, 53-4; H, 3-4; N, 
5-2; Cl, 26-2%). In one experiment the ethereal layer was separated, washed with water and 
evaporated in vacuo, On standing at 0° crystallisation occurred ; trituration with ether followed 
by recrystallisation from ethanol-ethyl acetate (charcoal) gave a small quantity of 3-chloro- 
acetylindole, yellow needles, m. p. 229-—-230° (decomp.) (Found: C, 61-4; H, 41; N, 7-3; Cl, 
18-5. Calc, for CyH,ONCI: C, 62-0; H, 42; N, 7-2; Cl, 188%). This sample did not 
depress the m. p. of that described below. No other crystalline products could be isolated from 
the reaction mixture, 

3-Chloroacetylindole.—Dimethylamine (1 ¢.c. of 33% ethanolic solution) was shaken with 
the di(chloroacety])indole (0-5 g.) suspended in ethanol (5 c.c.), at room temperature for 1-5 hr. 
Filtration afforded colourless solid (0-3 g.), m. p. 225-—-227° (decomp.), which, on recrystallisation 
from ethanol, gave 3-chloroacetylindole, m. p, 230-—-232° (decomp.) (Found; C, 61-9; H, 4-0; 
N, 7-6; Cl, 183%). 

3-Chloroacetylindole (0-5 g.) in ethanol (25 c.c.) was hydrogenated in the presence of triethyl- 
amine (0-5 g.) and palladised charcoal (0-5 g.; 10% Pd). Reduction was initially rapid but 
became very slow after 1 mol. had been absorbed in ca. 5 min, Concentration of the filtered 
solution and addition of water yielded 3-acetylindole (0-35 g.), m. p. 183-—-186° raised to 188— 
190° by recrystallisation from ethanol. The m. p. was undepressed by admixture with authentic 
material,* 

3-Dimethylaminoacetylindole.—A suspension of 1 ; 3-di(chloroacetyl)indole (16-5 g.) in 2- 
methoxyethanol (100 c.c.) was treated with ethanolic dimethylamine (100 c.c,; 33%), and the 
mixture refluxed (bath 140°) for 2hr. The solution was filtered (charcoal) at the b. p. and, on 
cooling, the product (92 g.), m. p. 205—-210°, separated. Recrystallisation from ethanol-- 
methoxyethanol gave colourless rods, m. p. 209-——211°, of the amino-hetone (Found: C, 71-1; 
H, 7-2; N, 13-8. C,,H,,ON, requires C, 71-3; H, 7-0; N, 13-90%). The methiodide (prepared 
in methoxyethanol solution) formed needles (from methoxyethanol), m. p. 222--224° (decomp.) 
(Found: C, 45-3; H, 4-9; I, 36-9. C,,H,,ON,! requires C, 45-3; H, 5-0; 1, 36-90%). The 
picrate crystallised from ethanol in yellow needles, m. p. 182-—184° (decomp.) (Found ; C, 50-2; 
H, 41; N, 16-3. C,sH,,O,N, requires C, 50-1; H, 4-0; N, 162%). 


The authors are indebted to Mr. A, J. Durré for the microanalytical results and Miss E, M, 
Tanner for spectroscopic measurements, 


Researcu Depr., Parke, Davis & Co., Lrp., 
Hounsitow, MIppLesex. i 
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390. Bridged Complexes of Palladiwm(u1) containing Chelate 
Ligands. 


By STanLey E. LivinGstone. 


Bridged complexes of Pd™ containing chelate ligands are described, The 
polynuclear character of a number of these compounds has been demonstrated 
by molecular-weight determinations in the polar solvent, nitrobenzene; in 
addition, their covalent nature is established by their non-conductance in 
solution. The chelate ligands containing thiol groups react readily with 
Pd", forming complexes having sulphur bridges. These compounds display 
less tendency to react with other ligands than halogeno-bridged complexes, 


SEVERAL bridged complexes of palladium with the chelate group, o-(methylthio)benzoic 
acid, have been described in earlier papers. The chelate groups, o-(benzylthio)benzoic 
acid and o-(octadecylthio)benzoic acid, also form bridged compounds with palladium. 
Treatment of potassium bromopalladite with the respective palladium inner complex in 
aqueous-acetone solution yields the bromo-bridged compounds, which are insoluble in 
water, alcohol, and acetone, but sparingly soluble in nitrobenzene, in which they are 
undissociated. 
1 Livingstone and Plowman, J, Proc. Roy. Soc. New South Wales, 1960, 84, 188; 1961, 85, 116 
3x 
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Attempts were made to split the bridge in di-[o-(benzylthio)benzoato}-yy'-dibromo- 
dipalladium (J) by treating the compound with a monodentate ligand (L) to produce a 
palladium complex containing one molecule of chelate and one of ligand as in the reaction : 


CH,Ph 


* 
co” L 
1s) 


Mann and Purdie® were able to split the bridged complex, dichlorodi(tri-n-butyl- 
phosphine)-yy’-dichlorodipalladium in this way, using aniline. When treated with two 
mols. of methyldiphenylarsine and p-toluidine in acetone, the bromo-bridged complex (1) 
dissolves to golden and red solutions, respectively, from which bis-[o-(benzylthio)benzoato)- 
palladium can be isolated. Accordingly, it appears that the principal reaction which 
Occurs 15; 


CH; Ph O 


5 oc 
a “ea Pa Ly. Br 
“+2 — | ys + he 
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0 PhH,C 


Bridged compounds were obtained with a number of other chelated compounds, viz., 
o-methylthiobenzenethiol, 3-dimethylarsinopropane-l-thiol, 3-ethylthiopropane-1-thiol, 
and o-aminobenzenethiol. The palladium inner complexes of these thiols have been 
previously described. The bridged complexes are readily precipitated from aqueous 
acetone solution when either a solution of the palladium inner complex or the chelate 
itself is treated with excess of K,PdX, solution (X = Cl, Br, NO,, SCN). All the bridged 
compounds prepared in this investigation are listed in Table 1. 


TABLE 1, Palladium bridged complexes containing chelate groups. 


Com- Bridging Non-bridg- Chelating Com- Bridging Non-bridg- 
Chelating compound pound atoms ing group compound pound atoms ing group 
PhCH SC, HyCOH I Br -CO- MeS’'C,HySH VIII Cl 
Cy Hy CHyS-C,H,CO,H Il Ir -CO,- nd IX ~Br 
Me, As(CH,),SH Cl i x ~NO, 
% f : ~Br XI ~SCN 
-Cl 
~Br 
~NO, 
~SCN 
~Br 


NO, FtS{CH,),SH XI 


~SCN XII 
CO, “ XIV 
be XV 

H,N-C,HySH XVI 


AFAAAVPAwWM 


Cryoscopic determinations in nitrobenzene of the molecular weights of compounds 
(111), (LV), (V), (XID), (XUN), and (XIV) are in agreement with the values expected for a 
bridged formulation. The molecular conductivities of the bridged complexes in nitro- 
benzene and acetone are 0-1—0-3 mho and 1—5 mho, respectively. The values for the 
molecular conductivity of uni-univalent electrolytes in these solvents are of the order of 
25-—30 mho and 110-180 mho respectively. 

It is assumed that the thiolo-compounds are bridged through the sulphur atoms. The 
reasons for assuming that these compounds have the configuration (a) rather than (6)—as 
shown for the 3-dimethylarsinopropene-1l-thiolo-complexes—is as follows: First, the 
colours of the bridged complexes of 3-dimethylarsinopropane-l-thiol and 3-ethylthio- 
propane-|-thiol are lighter than would be expected if they contained halogen bridges. The 


* Mann and Purdie, /., 1936, 873 
* Livingstone, /., 1956, 437. 
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bromo-bridged complexes of o-(methylthio)benzoic acid,' o-(benzylthio)benzoic acid, and 
o-(octadecylthio)benzoic acid are orange-brown, whereas the bromo-complexes of the 
above-mentioned thiols are yellowish-orange. Also, chloro-bridged palladium complexes 
containing trialkylphosphines are red, but the corresponding ethylthio-bridged complexes 


Me, 
2 As x $-—- CH 
‘~ ‘ 2 
HG pa” pg” ’ 
cH—s~ Ny Xasech, 


Me, 


2 


(6) 


are yellow. Secondly, the compounds (III) and (XII) react differently from the bromo- 
bridged complex (I) when treated with certain ligands. If an acetone solution of the 
chloro-compound of 3-dimethylarsinopropane-1-thiol (III) is refluxed for an hour with an 
excess of ethanethiol, then concentrated and cooled, the original compound (ITI) can be 
recovered unchanged. A similar result is obtained when using methyldiphenylarsine, 
Both these ligands react readily with di-{(0-benzylthio)benzoato}-yp’-dibromodipalladium 
(I). It has been found* 5 ® that chloro-bridged compounds of trialkylphosphines react 
with ethanethiol forming yy’-bisethylthio-complexes, which are unaffected by p-toluidine. 
The chloro-complex of 3-ethylthiopropane-1-thiol (XII), when treated in hot benzene 
solution with excess of p-toluidine, is unaffected and can be recovered on concentration 
and cooling of the solution. 

If the sulphur atoms form bridges in the oxalato-compound (VII), the latter must be 
polymeric ; this would explain its low solubility compared with that of the other complexes 
of 3-dimethylarsinopropane-1-thiol. When an attempt was made to prepare a similar 
oxalato-complex with the ligand 3-ethylthiopropane-1-thiol, reduction to metallic palladium 
occurred, 

Using similar procedures to those used in the preparation of the complexes already 
described, unsuccessful attempts were made to prvpare bridged palladium complexes with 
the following chelating compounds; (i) Anthraniic acid, (ii) 0-aminophenol, (iii) o-carb- 
oxyphenyldimethylarsine, (iv) 3-amino-2-naphthoic acid, (v) glycine, (vi) (methylthio)- 
acetic acid. The failure of these ligands to form bridged compounds could be attributed, 
in some cases, to the insolubility of the palladium inner complex. However, this does not 
account for the lack of bridged formation with (iii) and (v) since the palladium inner 
complexes of these ligands are soluble in aqueous acetone. The readiness of ligands 
containing a thiol group to form binuclear complexes appears to be due to the especial 
stability of a thiolo-bridge compared to halogeno-, nitro-, and thiocyanato-bridges. 

The reaction between potassium bromopalladite and bis-(3-dimethylarsinopropane-1- 
thiolo)palladium reaches equilibrium very quickly even in dilute solution. When aqueous 
acetone solutions (5 * 10“M-concentration) of potassium bromopalladite and the palladium 
complex are mixed, the optical density of the solution, a few seconds after mixing, at 
360 and 410 my, is almost identical with that of a 2-5 « 10‘m-solution of the bridged 
complex (IV) at the same wavelengths. No alteration occurs even after two days. 


EXPERIMENTAL 
The palladium complexes used in the preparation of the bridged compounds described below 
have been reported in a previous paper.* 
Bis -{o-(benzylthio)benzoato] - up’ -dibromodipalladium (1). —Bis - [o- (benzylthio) benzoato} - 
palladium (6 g.) was dissolved in hot 50% aqueous acetone (1-5 1.) and poured into a boiling 
‘ Chatt and Mann, J., 1938, 1949. 


* Chatt, Mann, and Wells, /., 1938, 2086. 
* Chatt and Hart, /., 1953, 2363. 
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solution containing potassium bromopalladite (6-6 g.) and sodium bromide (45 g.) in 50%, 
aqueous acetone (400 ml.). After 90 min. at the b. p. crystallization commenced, After 
another 30 min. on the hot plate, the mixture was filtered, and the product washed with boiling 
aqueous acetone, then boiling water, and finally hot acetone, affording deep orange prisms 
(7-3 g.) of the compound (1), m. p. 201° (decomp.) (Found ; C, 39-3; H, 2-7; Pd, 24-8; Br, 18-0. 
Cogll,,O,Br,S,Pd, requires C, 39-1; H, 2-6; Pd, 24-8; Br, 186%). The molecular conductance 
(Ajooo) in nitrobenzene is 0-4 mho cm.~* at 25°. 

Di-[o-(octadecylthio)benzoato)-yy'-dibromodipalladium (I\).—By an_ essentially similar 
method, bis-[o-(octadecylthio)benzoato}palladium (1-56 g.) afforded the bridged complex as 
orange-brown crystals; these were filtered off from the hot mother-liquor, and then boiled with 
acetone to dissolve the small amount of the contaminating original inner complex; yield 1-1 g., 
m. p. 174° (decomp.) {Found: C, 50-8; H, 69; Pd, 18-0; Br, 13-5. C,,H,,O,Br,S,Pd, 
requires C, 60-7; H, 7-0; Pd, 18-0; Br, 13-56%). The molecular conductance (Aggo) in nitro- 
benzene is 0-5 mho cm. at 25°, 

Dichlovodi-(3-dimethylarsinopropane~1--thiolo)dipalladium (III),—-Potassium  chloro- 
palladite (2-54 g.), dissolved in water (40 ml.), was added to a suspension of 3-dimethylarsino- 
propane-1l-thiol (1-4 g.) in 1 equiv. of 0-5n-sodium hydroxide, Yellow crystals of the inner 
complex were at first precipitated, but dissolved on further addition of potassium chloro- 
palladite. After 2 days, the crystalline precipitate (2-3 g.) was filtered off, and washed with 
water, then acetone, The complex darkens on heating to 250° and decomposes, but does not 
melt (Found: C, 18-8; H, 3-7; Cl, 11-1; Pd, 33-2%; M, cryoscopically in nitrobenzene, 
645 in 028%, 616 in 0-32%,, and 640 in 0-21% solution. ©, ,H,,S,As,Pd, requires C, 18-7; 
H, 3-8; Cl, 11-0; Pd, 33-2%; M, 642), Ithad Ajogg = 0:3 mho cm.~ in nitrobenzene at 25°. 

Dibromodi-(3-dimethylarsinopropane-1-yu-thiolo)dipalladium (1V).—By a method similar to 
that used for (I), bis-(3-dimethylarsinopropane-1-thiolo)palladium (0-45 g.) afforded a red 
precipitate which dissolved when the mixture was stirred; after half the reagent had been 
added, the colour changed from red to yellow and crystals commenced to form. After cooling, 
the orange-yellow prisms of the compound (0-71 g.) were filtered off, washed with aqueous 
acetone, and dried, The crystals are insolubie in water and aqueous acetone, but soluble in 
acetone, chloroform, and nitrobenzene; they can be recrystallized from glacial acetic acid, 
When heated above 200° they become red but do not melt (Found; C, 16-6; H, 3-2; Br, 22-2; 
Pd, 204%; M, cryoscopically in 0-26% nitrobenzene solution, 740. C, H,,Br,5,As,Pd, 
requires C, 16-4; H,3-3; Br, 21-9; Pd, 20-2% ; M, 731): Ajooo in nitrobenzene = 0-1 mho cm,* 
at 25°. 

Dinitrodi -(3-dimethylarsinopropane-1-\-thiolo)dipalladium  (V),-—-Di-(3-dimethylarsino- 
propane-1-thiolo)palladium (0-4 g.) and potassium nitrite (0-3 g.) were dissolved in 50% acetone 
(40 ml.), and an aqueous acetone solution of potassium nitropalladite (0-6 g.) was added slowly 
at the b. p. After a few minutes crystals were deposited. The pale yellow needles (0-52 g.) 
were washed with water and dried. The compound is moderately soluble in acetone, chloroform, 
and nitrobenzene (Found: C, 181; H, 3-5; N, 42; Pd, 32.0%; M, cryoscopically in 0-14%, 
nitrobenzene solution, 700, C,H, O,N,S,As,Pd, requires C, 18-1; H, 3-6; N, 42; Pd, 321%, 
M, 663). 

Dithiocyanatobis-(3-dimethylarsinopropane-1-u-thiolo)dipalladium (VI).—Potassium _ thio- 
cyanatopalladite (0-5 g.), bis-(3-dimethylarsinopropane-1-thiolo)palladium (0-3 g.), and 
potassium thiocyanate under similar conditions to those described for (I), rapidly (5 min.) 
formed yellowish-brown crystals (0-43 g.) of the complex (V1); these were filtered off and washed 
with water and a small amount of acetone, in which they are soluble (Found: C, 20-8; H, 3-4; 
N, 41. CygH N,S,As,Pd, requires C, 20-9; H, 3-5; N, 41%). 

Oxalatodi - (3-dimethylarsinopropane-1-u-thiolo)dipalladium (VII).—Potassium oxalato 
palladite tetrahydrate (0-32 g.) and bis-(3-dimethylarsinopropane-1-thiolo)palladium (0-4 g.), 
treated as in the general method, gave a solution which at first went blood-red, then, on comple- 
tion of the addition, became orange. On cooling, orange-coloured plates separated, These 
(0-33 g.) were wasbed with water, then acetone, and dried, and had m. p. 180° (decomp.). 
The compound is only sparingly soluble in chloroform and nitrobenzene (Found: C, 21-8; 
H, 35; Pd, 32-0. C,,H,,O,5,As,Pd, requires C, 21-8; H, 3-7; Pd, 32-4%). 

Dichlorodi -(o-methylthiobenzene - 1. -thiolo)dipalladium (VIII1).-- Bis-o-methylthiobenzene - 
thiolopalladium (0-4 g.), by the general method, afforded vermilion crystals (0-47 g.), which 
were washed with hot water, then hot acetone, The compound is insoluble in water and organic 
solvents (Found; C, 28-1; H, 2-4; Cl, 11-8; Pd, 36-3. C,,H,,C1,S,Pd, requires C, 28-3; 
H, 2-4; Cl, 11-9; Pd, 36-9%). 


[1956] Palladium(u) containing Chelate Ligands. 1993 


Dibromodi-(o-methylthiobenzene--thiolo)dipalladium (1X).—Di-(o-methylthiobenzenethiolo)- 
palladium (0-4 g.) and potassium bromopalladite (0-5 g.) rapidly afforded scarlet crystals 
(0-62 g.), which were washed with hot water and acetone. The compound is insoluble in 
organic solvents (Found ; C, 24-8; H, 2-2; Pd, 30-9. C,,H,,Br,S,Pd, requires C, 24-6; H, 2-1; 
Pd, 31-2%). 

Dinitrodi-(o-methylthiobenzene-p-thiolo)dipalladium (X).—-Potassium nitropalladite (0-33 g.), 
di-(o-methylthiobenzenethiolo)palladium (0-27 g.), and potassium nitrite (0-15 g.), under the 
usual conditions, gave yellowish-orange crystals of the compound (X) (0-26 g.), which, when 
heated, darken at about 200° and slowly decompose without melting (Found ; C, 28:1; H, 2-4; 
Pd, 34:0. C,,H,,O,N,5,Pd, requires C, 27:3; H, 2-3; Pd, 346%). 

Dithiocyanatodi-(o-methylthiobenzene-p-thiolo)dipalladium (X1).—Similarly, from potassium 
thiocyanatopalladite, the dithiocyanato-complex was prepared as salmon-pink crystals, which were 
filtered off, and washed with water, then acetone; it is insoluble in acetone, chloroform, and 
nitrobenzene, and decomposes but does not melt below 200° (Found; C, 20-8; H, 22; N, 44; 
Pd, 33-6. C,.H,,N,5,Pd, requires C, 30:0; H, 2-2; N, 4:4; Pd, 33-3%). 

Dichlovodi-(3-ethylthiopropane-\-p-thiolo)dipalladium (XII).--3-Ethylthiopropane- 1 - thiol 
(2-4 g.), treated as in the preparation of (111), gave the complex, which recrystallized from acetone 
in yellowish-orange crystals (3-9 g.), m. p. 230° (Found: C, 21-7; H, 3-0; Cl, 12-7; Pd, 386%; 
M, cryosecopically in 0-29% nitrobenzene solution, 585. C,sHgCl,5,Pd, requires C, 21-7; 
H, 4-0; Cl, 12-8; Pd, 38-56% ; M, 555). Solutions of the complex in acetone and nitrobenzene 
at 25° had Ajogg = 5 and 0-3 mho cm."*;respectively. 

Dibromodi-(3-ethylthiopropane-\-y-thiolo)dipalladium (XI1I1).-Use of potassium bromo- 
palladite (3-0 g.) and sodium bromide (1-0 g.) with 0-70 g. of the thiol as in the preceding prepara- 
tion gave an immediate precipitation of a reddish-brown material, which, on boiling, became 
crystalline. This was collected, extracted with boiling acetone (300 ml), and the extract 
concentrated to 100 ml. and cooled, yielding yellowish-orange needles (0-33 g.) of the complex 
(XIII) which is soluble in acetone, nitrobenzene, and chloroform and slightly soluble in benzene ; 
m. p. 193° (Found: C, 18:7; H, 3-4; Br, 24-0; Pd, 33-1%; M, eryoscopically in 027% nitro- 
benzene solution, 640. C, H,,Br,5,Pd, requires C, 18:7; H, 3-4; Br, 24:8; Pd, 33-1%; 
M, 644). Molecular conductance (Ajo9,) at 25°; in acetone, 1 mho cm.*; in nitrobenzene, 
0-1 mho cm,*, 

Dinitrodi-(3-ethylthiopropane-1-p-thiolo)dipalladium (X1V).—Use of 3-ethylthiopropane-1- 
thiol (0-52 g.), potassium nitropalladite (1-43 g.), and potassium nitrite (0-5 g.) similarly gave a 
yellowish-orange precipitate which, recrystallized from acetone, afforded yellow crystals of the 
complex (XLV) (0-23 g.), m. p. 154°. This is more soluble in acetone, nitrobenzene, and chloro- 
form than the corresponding chloro- and bromo-complexes (Found: C, 21-2; H, 3-5; N, 4-6; 
Pd, 37-0; M, cryoscopically in 0-30% nitrobenzene solution, 626, C,,HyO,N,S,Pd, requires 
C, 20-9; H, 3-8; N, 49; Pd, 37-1%; M, 576). Molecular conductance (Ajgg9) at 25°: in 
acetone, 1 mhocm.; in nitrobenzene, 0:1 mho cm.~*. 

Dithiocyanatodi-(3-ethylthiopropane-\-y-thiolo)dipalladium (XV).—-Potassium thiocyanato- 
palladite (2-1 g.), and 3-ethylthiopropane-1-thiol (0-58 g.) under the same conditions gave a 
precipitate which ultimately became crystalline, repeated extraction with boiling acetone and 
concentration yielding bright yellow prisms of the pure complex (XV) (0-45 g.), only sparingly 
soluble in nitrobenzene and acetone; m. p. 197° (Found: C, 23-8; H, 3-6; N, 46; Pd, 35-6. 
Cy gH ggN,5,Pd, requires C, 24-0; H, 3-7; N, 4-7; Pd, 35-6%). Molecular conductance (A jo99) 
at 25°: in acetone, 1-5 mhocm.*; in nitrobenzene, 0-1 mho em.*. 

Dibromodi-(o-aminobenszene-y-thiolo)dipalladium (XV1).—By the method used for (I) 
di-(o-aminobenzenethiolo) palladium (0-75 g.) was refluxed in 70% acetone (120 ml.) containing 
sodium bromide (3 g.) and potassium bromopalladite. The original fine buff crystals were con- 
verted into dark amber crystals of the solvated complex (XVI), which was filtered off and 
washed well with hot water and acetone; yield, 1-27 g. (Found: C, 25-1; H, 23; N, 4-2; 
Br, 23-7; Pd, 32-6. C©,,H,,N,Br,S,Pd,,§C,H,O requires C, 249; H, 2:3; N, 43; Br, 24-5; 
Pd, 328%). The compound is sparingly soluble in nitrobenzene; when heated in a closed 
tube to decomposition, it evolves a gas which condenses to a colourless liquid, Unsolvated 
compounds do not give this result. In nitrobenzene at 26°: Ajogg «= 0-1 mho cm.*, 

Reaction of (1) with Methyldiphenylarsine._-The bridged complex (I) (1-06 g.) was boiled 
under reflux with acetone (500 ml.), and to it was slowly added (2 hr.) methyldiphenylarsine 
(0-6 g., 2 mol.) in acetone (50 ml.). The compound (1) dissolved to a golden solution, which 
was evaporated to 20 ml., and addition of ether precipitated pale yellow needles of di-[o-(benzyl 
thio)benzoato)}palladium (0-16 g.), m. p. 170° (lit.*, m. p. 169°) (Found: Pd, 180. Calc. for 
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Cog gO S,Pd: Pd, 180%). The filtrate was evaporated to dryness, and the product re- 
crystallized from alcohol to give yellowish-brown crystals (0-24 g.) (Found: C, 41-9; H, 3-7; 
Br, 184; Pd, 15-0. C,,H,,Br,As,Pd requires C, 41-4; H, 3-5; Br, 21-2; Pd, 141%). Hence 
the substance was probably dibromobis(methyldiphenylarsine)palladium, contaminated with 
di-[o-(benzy}thio) benzoato) palladium. 

Reaction of (1) with p-Toluidine.-To (I) (0-9 g.) in acetone (70 ml.), p-toluidine (0-23 g., 
2 mol.) was added, ‘The mixture was heated to reflux, and the undissolved (I) (0-14 g.) filtered 
off. The deep red filtrate was concentrated to 6 ml.; pale yellow crystals (0-12 g.) of di- 
(o-(benzylthio) benzoato)palladium were deposited, m. p. 169° (Found: Pd, 18-2%). No pure 
compound was isolated from the filtrate. 

Reaction of (111) with Ethanethiol.—To (11!) (0-45 g.) in acetone (100 ml.), was added ethane- 
thiol (0-2 g.), and the solution refluxed for 1 hr.; concentration to 10 ml. and cooling afforded 
yellow crystals of (III) (Found :C, 18-8; H, 3-6; Cl, 10-7. Calc. for C,gH,,Cl,S,As,Pd, : 
C, 187; H, 3-8; CL11-0%). 

Non-veaction of (111) with Methyldiphenylarsine.—To (I11) (0-43 g.), in boiling acetone (100 
ml.), methyldiphenylarsine (0-36 g., 2-4 mol.) was added, and the solution refluxed for 30 min. ; 
concentration to 40 ml, afforded yellow crystals of unchanged (III) (Found : Pd, 33-2. Calc. 
for CygH,,Cl,S,As,Pd,: Pd, 33-2%). 

Non-reaction of (X11) with p-Toluidine.—p-Toluidine (0-7 g.) was added to (XII) (1 g.), 
dissolved in hot benzene (250 ml,); the solution was kept at the b. p. for 15 min., and on cooling, 
deposited yellowish-orange crystals of unchanged (XII), m. p. 230° (Found: Pd, 38-3%). 

Spectrophotometric Measurements.-Measurements of the optical density of solutions were 
made with a Hilger “ Uvispec’’ spectrophotometer, 0-5-cm, quartz cells being used. The 
optical densities of 6 x 10~m-solutions of di-(3-dimethylarsinopropane-1-thiolo) palladium 
and potassium bromopalladite in 66% acetone-water containing sodium bromide (2 x 10-*m) 
were measured at 360 and 410 my, The solutions were mixed in the ratio of 1:1 and the 
measurement was taken 30 sec, after mixing and remained unchanged after 2 days, The 
optical density of the bridged complex (IV) (2°56 x 10~m-solution in 66% acetone—water) was 
also measured, The optical densities are given below : 

360 me 410 mp 360 mz 410 my 
Pd(C,H,,8 0-10 Pd(C,H,SAs), + K,PdBr,... 1-20 0-38 
K,PdBr, ... ° 0-52 (C,H,,5As),Pd,Br, 0°35 

The author is indebted to a Referee for helpful criticism, and to Dr. E. Challen for micro- 

analyses of carbon, hydrogen, and nitrogen. 
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391. Bridged Complexes of Platinum(1) containing Chelate 
Ligands. 


By STANLEY E. LIVINGSTONE. 


Bridged complexes of Pt" with the chelate ligands 3-dimethyl- 
arsinopropane-1-thiol and 3-ethylthiopropane-1l-thiol are described. Proof 
that the platinum atoms in these complexes are bridged by sulphur atoms is 
furnished by the isolation of an ammino-complex chloride and perchlorate, 
in which the bridged structure occurs in the cation. The chloride can be 
reconverted into the original bridged complex on- heating, with loss of 
ammonia, Binuclear complexes containing Pt™ and Hg", and Pt" and Pd", 
are also described. Some of the platinum bridged complexes crystallize from 
acetone and benzene with solvent of crystallization. 


Bripcep complexes of palladium with a number of different chelates have been described 
in the preceding paper.’ In this investigation, the chelate ligands, 3-dimethylarsino- 
propane-1-thiol, Me,As:(CH,},°SH, and 3-ethylthiopropane-1-thiol EtS-[(CHg],°SH, were 
used to prepare binuclear platinum complexes. The compounds obtained are listed in 
Table 1, 


' Livingstone, preceding paper 
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TABLE 1. Binuclear platinum complexes. 
Chelating -ompound Compound Halogen Chelating compound Compound Halogen 
Me,As*(CH,],"SH I Cl EtS:(CH,),SH Ill Br 
EtS-(CH,},"5H Il cl és IV I 


The compounds (I) and (II) can be prepared by heating the dry platinum inner complex, 
Pt(Chel), (where ChelH = 3-dimethylarsinopropane-1-thiol or 3-ethylthiopropane-1-thiol) 
with platinous chloride to temperatures in the range 140—160°. This method was used by 
Chatt * to prepare a platinum bridged compound containing tri-t-propylphosphine. When 
the chloro-complex (II) is dissolved in hot alcohol, and ammonium bromide is added, the 
resulting solution, on being concentrated, deposits bright yellow crystals of the bromo- 
complex (III), which can be recrystallized from alcohol. An X-ray powder photograph 
of this compound shows that it is isomorphous with the corresponding bromo-palladium 
complex.' The iodo-complex (IV) is obtained by treating a benzene solution of the chloro- 
complex (II) with an ethereal solution of methylmagnesium iodide. The chloro- and 
iodo-complexes recrystallize from benzene with one-half, and one molecule, respectively, 
of benzene of crystallization. 

If a benzene solution of the chloro-complex (II) is refluxed with /-toluidine, the original 
compound (II) can be recovered unchanged. This is in contrast to the chloro-bridged 
platinum complex of tri-n-propylphosphine which reacts with p-toluidine in cold benzene 
solution to give trans-p-toluidine-tri-n-propylphosphinedichloroplatinum,.* This suggests 
that the two platinum atoms in the complex are bridged by sulphur and not halogen atoms. 
Further evidence in support of this is given by the action of ammonia on the chloro-com- 
pound (II). If ammonia is passed into a benzene solution of (II) the solution slowly loses 
its yellow colour and deposits a white precipitate of diamminodi-(3-ethylthiopropane-|- 


Cl, [or (C10,), ] 


(V) 


u-thiolo)diplatinum chloride (V) which contains two-thirds of a molecule of benzene of 
crystallization, The compound is soluble in water and has a molecular conductance expected 
for a bi-univalent electrolyte. If the compound is heated to 140°, the benzene and ammonia 
are driven off and the compound is converted into the original yellow chloro-complex (LI). 
Treatment of an aqueous solution of the chloride (V) with excess of sodium perchlorate 
precipitates the perchlorate (V). The structure of these compounds is undoubtedly that 
shown in (V). 

However, the palladium analogue of (II), dichlorodi-(3-ethylthiopropane-1-y-thiolo)- 
dipalladium (VI) } reacts differently. When ammonia is passed inte a benzene solution of 
(VI), tetramminopalladous chloride is precipitated. Continued passage of ammonia fails 
to remove the orange colour from the solution. Evaporation of the benzene from the 
filtrate leaves a reddish-brown oil. The compound, Pd{EtS-(CH,}q’S},, has never been 
isolated in the pure state. The reaction can therefore be represented : 


(EtS-[CH,],"S},Pd,Cl, + 4NH, ——t [Pd(NH,),JCI, + Pd{EtS-(CH,],°S}, 


Similarly, treatment of a benzene solution of (VI) with ethylamine results in precipitation 
of tetrakisethylaminopalladous chloride dihydrate (VII). However, these reactions 
do not invalidate the assumption of thiolo-bridges in the palladium complex (VI), since 


* Chatt, /., 1950, 2301. 
* Livingstone, /., 1956, 437. 
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the chloro-bridged palladium complex of (o-methylthio) benzoic acid * reacts with pyridine 
in aqueous solution to yield {Pd py,}** (py = pyridine). Acidification of the solution 
yields a precipitate from which dichlorodipyridinepalladium and o-(methylthio) benzoic 
acid can be isolated : 


(MeS-C,H,-CO,),Pd,Cl, + Bpy ——t [Pd py,]*! + 2CI- + 2MeS-C,H,-CO,- 


Jc 


2Pd py,Cl, + 2MeS-C,H,-CO,H + 4py,HCl 


Other amines, such as ammonia, ethylenediamine, and propylenediamine, give a simila: 
reaction with this compound. 

sridged complexes containing Cd™ and Hg™, Pd™ and Hg", Pd™ and Sn*’, and Hg™ 
and Sn'¥, have been reported by Mann ef al. ;**7 binuclear complexes containing Pd" and 
Hg", and Pd" and Cu", have been described.* By the use of 3-ethylthiopropane-1-thiol, 
it has been possible to isolate a series of bridged complexes containing one atom of platinum 
and one atom of palladium in the molecule, Also a bridged complex containing platinum 
and mercury has been obtained. These compounds are listed in Table 2, The structure 
of (IX) is as shown. 


Tante 2. Binuclear complexes of 3-ethylthiopropane-\-thiol containing two different 
metal atoms. 
Compound Metal atoms Halogen Colour 
Vill Pt and Hg Br Pale cream 
Ix Pt and Pd Cl Yellowish-orange 
Xx Pt and Pd Br Deep orange 
XI Pt and Pd I Keddish-orange 


These compounds are obtained by heating the platinum complex Pt{EtS:[CH,},°S}, 

with the appropriate anhydrous metallic halide, MX,, and extracting the cooled melt with 

acetone or benzene. The mercury complex (VIII) recrystallizes 

from acetone as pale yellow microcrystals, which are only 

sparingly soluble in acetone and benzene, but moderately 

soluble in nitrobenzene, The compounds (IX), (X), and (XI) 

recrystallize from benzene as beautiful orange crystals con 

taining 4 mol, of benzene of crystallization, which is not lost 

(1X) i vacuo or even if the compound is heated to 100°. However, 

heating for one hour at 140° causes the crystal faces to lose 

their lustre and a loss in weight, corresponding to 4 mol. of 

benzene, occurs. The bromo-compound (X) recrystallizes from acetone with 1 mol. 

of acetone of crystallization, which is lost at 140°. These three compounds are soluble 

in benzene, chloroform, and nitrobenzene, but somewhat less so in acetone and alcohol. 
They are non-conductors in nitrobenzene solution. 

Confirmation that these compounds are not equimolar mixtures or mixed crystals of 
the platinum and the palladium bridged complexes is furnished by the absorption spectra 
of the three bromo-complexes. The curve obtained for the mean of the optical densities 
of the bromo-diplatinum complex (III) and the corresponding dipalladium complex ? is not 
identical with the curve obtained for the bromo-platinum-palladium complex (X) (see Fig.). 

Di-(3-ethylthiopropane-1-.-thiolo)platinum was heated separately with anhydrous 
nickel bromide and cupric bromide in an attempt to prepare binuclear complexes containing 
Pt" and Ni™, and Pt™ and Cu", respectively. No compounds soluble in benzene, acetone, 
or nitrobenzene were obtained from the cooled melts. The question arises why Pd", 


* Livingstone and Plowman, /. Proc. Roy. Soc., New South Wales, 1950, 84, 188. 
* Evans, Mann, Peiser, and Purdie, /., 1940, 1209. 

* Mann and Purdie, /., 1940, 1230. 

’ Allison and Mann, /., 1949, 2015 

* Livingstone and Plowman, /. Proc. Roy. Soc., New South Wales, 1961, 85, 116. 
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which has a square planar configuration in complexes, and Hg" (tetrahedral) form binuclear 
complexes containing Pt (planar), and Cu" and Ni", both of which are planar, do not. It is 
unlikely that the configuration of the mercury atom is altered in these complexes. An X-ray 
powder photograph of the bromo-bridged palladium-—mercury complex of o-(methylthio)- 
benzoic acid * shows that the compound is not isomorphous with the bromo-bridged di- 
palladium complex of this ligand. This is what would be expected if the mercury atom 


cod 
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retained a tetrahedral configuration. The explanation appears to be that Pt", Pd", and 
Hg" have the strongest affinity for thiols; hence they are the three elements most likely 
to form mixed polynuclear compounds containing sulphur bridges. 


EXPERIMENTAL 


Dichlorodi-(3-dimethylarsinopropane -1-u-thiolo)diplatinum (1). --Bis-(3-dimethylarsinopro- 
pane-1-thiolo)platinum (Livingstone *) (1-94 g.) and platinous chloride (0-95 g.) were ground 
together, placed in a test-tube, and heated in a paraffin-oil bath. At approximately 170° the 
mixture melted, then solidified to a dark greenish mass. After cooling, the product was finely 
ground, and extracted with boiling acetone. The insoluble material was collected and the 
pale yellowish-green filtrate concentrated to 20 ml. to yield pale yellow crystals of the bridged 
complex (I) (0-7 g.), which recrystallized from acetone (350 ml.) in pale yellow diamond-shaped 
crystals (0-46 g.), which are only sparingly soluble in nitrobenzene (Found: C, 149; H, 2-8; 
Cl, 8:5. CigH,,Cl,S,As,Pt, requires C, 14:7; H, 30; Cl, 87%). The crystals are unmolten 
at 310°. 

Dichlorodt -(3-ethylthiopropane-1-u-thiolo)diplatinum (11), Bis-(3-ethylthiopropane- 1 - 
thiolo) platinum (2-7 g.) and platinous chloride (1-51 g.) were ground together and heated until 
molten (140-—-150°). After 1 min. at this temperature, the mixture solidified, The powdered 
product was extracted with boiling acetone. The undissolved residue was filtered off, and the 
filtrate concentrated to 150 ml. Yellow crystals (2-51 g.) of the pure compound (LI) separated 
or cooling; it is readily soluble in benzene, nitrobenzene, and chloroform, somewhat less so in 
acetone and alcohol, and has m. p. 237° (without decomp.) (Found: C, 168; H, 3-2; Cl, 02; 
Pt, 53-3%; M, cryoscopically in 0-76% nitrobenzene solution, 825. C,H yCI,S,Pt, requires 
C, 16-4; H, 3-0; Cl, 97; Pt, 53-38%; M, 732). The compound recrystallizes from benzene, 
as a bright yellow solvate, m. p. 237° (Found: Pt, 505. CygHygCl,S,Pty4CgH, requires 
Pt, 50-6%). 

Dibromodi -(3-ethylthiopropane-1--thiolo)diplatinum (I11).—The chloro-compound (II) 
(0-72 g.) was dissolved in hot alcohol (300 ml.), and ammonium bromide (1 g.) added. The 
pale yellow solution was kept at the b. p. for 1 hr., then concentrated to 100 ml. and, on cooling, 
yielded bright yellow crystals (0-68 g.) which were recrystallized from alcohol (100 ml.), con- 
taining ammonium bromide (1 g.), to give the pure bromo-complex (111) (0-60 g,), m. p, 202° 
(Found: C, 14-8; H, 2-9; Pt, 47-5%; M, cryoscopically in 0-68%, nitrobenzene solution, 880, 
CygH,Br,S,Pt, requires C, 14-6; H, 2-7; Pt, 47-6% ; M, 821). 


1998 Livingstone : Bridged Complexes of 


Di-rododi-(3-ethylthiopropane-\--thiolo)diplatinum (1V).--A solution of the chloro- 
compound (I1) (1-2 g.) in benzene (150 ml.) was added to an ethereal solution (35 ml.) of methy!l- 
magnesium iodide (from magnesium (0-28 g.) and methyl iodide (1-6 g.)). The mixture was 
kept at the reflux for 30 min., a deep orange colour developing; it was then cooled, and water 
(60 ml.) added. The benzene layer was separated, dried, and concentrated to 10 ml., whereupon 
it deposited deep yellow crystals (m. p, 208°) of the solvated iodo-complex (1V) [Found : C, 19-2; 
Hi, 2-8; Pt, 39-6; loss on heating to 150°, 7.5%; M, cryoscopically in 0.69% benzene solution, 
HOO, Crgtlysl,5,Pt, C,H, requires C, 193; H, 2-8; Pt, 393; loss of CgH,y, 79%; M 
(unsolvated), 915), 

Non-veaction of (ll) with p-Toluidine,The chloro-complex (11) (1 g.) was dissolved in hot 
benzene (60 ml), and p-toluidine (0-3 g.) added to the solution, which was kept at the b. p. for 
15 min,; on cooling, it deposited bright yellow crystals (m. p. 237°) of the original complex (I1), 
containing benzene of crystallization (Found: Pt, 560-5%). 

Reaction of (11) with Ammonia.-The chloro-compound (IJ) (1 g.) was dissolved in benzene 
(35° ml.), and ammonia passed into the yellow solution. Within 5 min. an amorphous white 
precipitate commenced to form and after 2 hr. precipitation was complete, the supernatant 
liquor being colourless, ‘The mixture was heated and kept at the b. p. for 20 min., the precipitate 
becoming crystalline, while some of the product dissolved, Ammonia was passed in until the 
liquor again became colourless, After the precipitate was filtered off and washed with benzene, 
there remained colourless crystals (1 g.) of solvated diamminodi-(3-ethylthiopropane-1|-y-thiolo)- 
diplatinum chloride (V) (Found: N, 3-6; Cl, 88; Pt, 47-7; loss on heating to 140°, 9-8 
Cygl gg NCl,5, Pt, §CyH, requires N, 3-4; Cl, 87; Pt, 47-7; loss of 2NH, + §CyH,, 105%). 
When heated in a closed tube, the compound gave a strong smell of ammonia and a colourless 
condensate, leaving a yellow residue identified as the chloro-complex (II), m. p, 237°. The 
compound (V) in water had Agog = 225 mho cm.~? at 25”. 

The chloride (V) (0:3 g.) was dissolved in water (3 ml.) and treated with 10° sodium per 
chlorate solution, yielding a gummy white precipitate, which, when kept for several hours, 
became crystalline. The colourless crystals of diamminodi-(3-ethylthiopropane-\-u-thiolo) 
diplatinum perchlorate (as V) were filtered off, washed with a little water, and dried in vacuo 
(P,O,) fyield, 0-14 g.) (Found: N, 2-8; Pt, 43-5. CygHygO,N,C1,5,Pt, requires N, 3-1; Pt, 
437%). The perchlorate had Aggy ~ 218 mho cm,~* in water at 25°. 

Reaction of Dichlorodi-(3-ethylthiopropane-\-yu-thiolo)dipalladium (V1) with Ammonia. 
Ammonia was passed into a solution of the chloro-palladium complex (VI) (1 g.) in benzene 
(400 ml.). Precipitation started at once and was complete in 30 min. although the liquor was 
still orange, The precipitate of tetramminopalladous chloride was filtered off, and washed 
with hot benzene (yield 0-43 g.) (Found; Pd, 43:1, Cale. for H,,N,Cl,Pd:; Pd, 43-3%). The 
filtrate, on evaporation, yielded a reddish-brown oil, which could not be induced to crystallize. 

Reaction of (V1) with Ethylamine.—-The palladium complex (VI) (1 g.) was dissolved in 
benzene and treated with ethylamine (5 ml. of 33% alcoholic solution), After standing for 2 hr. 
the precipitate was collected and dissolved in water (3 ml.) containing a few drops of ethylamine 
solution, Addition of acetone precipitated letrakisethylaminopalladous chloride dihydrate 
(VII) (0-2 g,.) (Found: Cl, 17-9; Pd, 268%. C,H,,N,Cl,Pd,2H,0 requires Cl, 18-0; Pd, 27-0%). 
rhe compound loses water when heated to decomposition. It had Ajo. = 225 mho cm.~* in 
water at 25°, 

Reaction of Di-(o-(methylthio)benzoato-uy'-dichloro\dipalladium with Pyridine.—The dihydrate 
of the complex (1-5 g.) was treated with water (50 ml.) and 10% aqueous pyridine (15 ml.) to 
give a pale yellow solution, which was acidified with hydrochloric acid, and the resulting pale 
cream precipitate filtered off. The product was warmed with acetone, and the pale yellow 
crystals of dichlorodipyridinepalladium were isolated (Found : Pd, 31-5. Cale. for 
Cyl yoN Cl, Pd: Pd, 31-8%), o-(Methylthio)benzoic acid (m. p. 168°) was recovered from the 
acetone filtrate 

Dibromodi-(3-ethylthiopropane-\-u-thiolo) platinwn - mercury (V111).—-Bis-(3-ethylthiopropane- 
1-thiolo) platinum (1-0 g.) and mercuric bromide (0-78 g.) were ground together and heated. The 
mixture commenced to soften at 100°, became pasty at 115°, and melted at 140°. The deep 
yellow mass was then cooled, pulverized, and extracted with boiling acetone, most of the 
material remaining undissolved, The acetone extract was filtered and evaporated to 40 ml., 
and, on cooling, deposited the platinum-mercury complex (VIII) as a fine pale cream powder 
(0-21 g.), m. p. 81° (Found: C, 14-5; H, 2-7; Br, 18-9; Pt, 23-7%; M, eryoscopically in 0-31% 
nitrobenzene solution, 880. C,,H,,Br,5,HgPt requires C, 14-5; H, 2-7; Br, 19-3; Pt, 23-6%; 
M, 826). 
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Dichlorodi-(3-ethylthiopropane-1-1-thiolo) platinum - palladium (I X).—-Bis- (3-ethylthiopro- 
pane-1-thiolo) platinum (1-0 g.) and palladous chloride (0-39 g.) were heated as for the platinum- 
mercury complex (VIII), After the mass had become molten, it was cooled and extracted with 
boiling benzene (80 ml.), The reddish-orange extract was filtered and evaporated to 10 ml. 
The solution, on cooling, deposited yellowish-orange prisms (0-53 g.) of the complex (LX), 
containing 4 mol. of benzene of crystallization which is lost at 140°; it had m. p, 227° (Found : 
C, 22-6; H, 3-5; Cl, 98; Pd, 149; Pt, 29-5; Pd + Pt, 44-4; loss on heating, 5-6. 
CygHyCl,S,PdPt,4C,H, requires C, 22-9; H, 3-7; Cl, 10-4; Pd, 15-6; Pt, 28-6; Pd + Pt, 44-2; 
loss of 4C,H,, 58%). The molecular weight was determined on the unsolvated material 
(dried at 140°) cryoscopically in 0-42% nitrobenzene solution (Found; M, 630. Required ; 
M, 641), 

Dibromodi-(3-ethylihiopropane-\-u-thiolo) platinum-palladium (X).--Di-(3-ethylthiopropane- 
]-thiolo) platinum (1-5 g.) and palladous bromide (0-86 g,) were heated together as described for 
the mercury complex (VIII). The cooled melt was treated with boiling benzene (120 ml); 
a red solution resulted, leaving only a small insoluble residue. The filtered benzene solution, 
after being concentrated to 35 ml., yielded deep orange prisms (1-64 g.) of the bridged complex 
(X), containing solvent of crystallization, which is not lost in vacuo. When the compound was 
heated to 100° for 1 hr., no loss in weight occurred, but heating at 140° for 1 hr. caused the 
crystal faces to become dull and the benzene to be driven off; the compound melted at 184° 
(Found: C, 20-5; H, 3-4; Br, 20-7; Pd, 13-9; Pt, 25-3; loss on heating to 140°, 56-04%; M, 
on sample dried at 140°, cryoscopically in 0-85%, nitrobenzene solution, 730; cryoscopically 
in 0-37% benzene solution, 650. C,,H,,Br,5,PdP't,4C,H, requires C, 20-2; H, 3-3; Br, 20-7; 
Pd, 13:8; Pt, 25-3; 4C,H,, 506%; M, unsolvated compound, 732). The compound is soluble 
in acetone from which it recrystallizes as thin orange needles, containing solvent of crystallization, 
which is lost on heating to 140° for lL hr. (Found: C, 189; H, 3-3; Pt + Pd, 38-2; loss on 
heating. 64. Cy, H,,Br,5,PdPt,C,H,O requires C, 19-7; H, 3-6; Pt + Pd, 382; loss of 
C,H,O, 73%). The conductivity of a 0-001m-solution of the compound in nitrobenzene was 
measured at 25°: Ajoggg = 0-02 mho cm.~?. 

Di-iododi-(3-ethylthiopropane-\--thiolo) platinum-palladium (X1).—-Di- (3-ethylthiopropane- 
1-thiolo) platinum (1-0 g.) and palladous iodide (0-78 g.) were ground together and heated, The 
mixture began to soften at 110°, became pasty at 120°, and resolidified at 150°, The product 
was then cooled, ground to a powder, and extracted with boiling benzene (100 ml). The deep red 
benzene solution was filtered, and, on evaporation to 10 ml., yielded thin reddish-orange prisms 
(1-30 g.) of the complex (X1) (Found: Pt + Pd, 34-6. C,,H,,1,5,PdPt,4C,H, requires Pt + Pd, 
349%). The benzene of crystallisation was driven off by heating the compound for 1 hr, at 
145°, the m. p. then being 206° (Found: C, 14-8; H, 2-4; I, 31-0; Pd, 12-0; Pt, 23-7%; M, 
cryoscopically in 048%, nitrobenzene solution, 900; in 041% benzene solution, 690. 
Croll ygl,5,PdPt requires C, 14-5; H, 27; I, 30-7; Pd, 12-9; Pt, 23-6%; M, 826). A solution 
of the complex in nitrobenzene at 25° had Ajo. = 0:30 mho cm.~*. 

X-Ray Photographs.—The diffraction patterns were recorded with Cu-K, , , radiation and 
a‘’ Unicam "’ 9-cm. powder camera, 


rhe author is indebted to a Referee for helpful criticism, to Dr, C, M, Harris for some useful 
suggestions, to Dr. E, Challen for microanalyses for carbon, hydrogen, and nitrogen, and to 
Mr. N.C. Stephenson for taking and interpreting the X-ray photographs. 
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392. Antimalarial Studies in the Pteridine Field. 
By M. D. Porrer and T. HENsHALL. 

A series of 2-, 4-, and 2 : 4-bis-(dialkylaminoalkylamino) pteridines has been 
prepared; preliminary pharmacological investigations indicate little or no 
antimalarial activity in these compounds, 

New evidence is presented which contra-indicates the mechanism proposed 
by Taylor and Cain ' for the reaction of an amine with 4-amino-2-mercapto- 
pteridines, 


Rerorts have recently appeared of activity against Plasmodium gallinaceum and P. 
herghei of some 6: 7-disubstituted 2 : 4-diamino-pteridines,?.*.4.5* though no extensive 
study of pteridine compounds as a possible source of antimalarials has so far been under- 
taken. Taylor’ described the preparation of four alkylaminoalkyl derivatives of 2 ; 4-di- 
aminopteridines, but no pharmacological data were published. However, in view of the 
close structural similarity of 4-(dialkylaminoalkylamino)pteridines with some successful 
antimalarial drugs (¢.g., Pamaquin, Sontochin, and Chloroquine), and of the number of 
dialkylaminoalkyl derivatives of 2: 4-diaminopyrimidines found to show marked anti- 
malarial activity,* these compounds seemed worthy of study. 

Three 2: 4-diaminopteridines which showed antimalarial properties were chosen as the 
main starting materials, viz., 2; 4-diamino-6 : 7-diisopropyl- (1; R <= R’ ~ Pr’, R” = H), 
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and 2: 4-diamino-6 ; 7-diphenyl-pteridine (I; R = R’ = Ph, R” = H) and 2: 4-diamino- 
1’-n-propyl(2’ : 3'-6:7)pteridine (IT; R” =H, R’”’ = Pr*). Alkylaminoalkyl groups 


were introduced into the 4- and the 2; 4-positions by direct interaction in sealed tubes 
with four alkylaminoalkylamines in the absence or presence of small amounts of hydro- 
chloric acid, as described by Taylor,’ and a further three amines were used with the diphenyl 
compound, Attempts to prepare 2-(alkylaminoalkylamino)-4-aminopteridines by inter- 
action of the alkylaminoalkylamine and a 4-amino-2-mercaptopteridine failed (cf. Taylor 
and Cain!). Attempts to substitute the 4-amino-group of alkyl-2 ; 4-diamino-6 ; 7-2’ : 3’- 
indolopteridines also met with little success. No reaction occurred with the n-propyl 
compound (IL; R’’’ «= Pr®), and prolonged heating (170 hours) of the corresponding methy] 
compound with a large excess of 3-diethylaminopropylamine gave only a very small 
amount of the desired product, together with a trace of the 2: 4-dialkylated derivative. 
Aminoalkylation in the absence of acid also failed with 4-amino-pteridines prepared by 
the method described by Albert, Brown, and Cheeseman ;* and though an apparently pure 
crystalline compound was isolated in good yield on reaction under acid conditions, this was 
not the expected 4-(dialkylaminoalkylamino)pteridine. Further, 2-(3-diethylaminopropyl- 
amino)-6: 7-diphenyl- and -6 : 7-cyclohepteno-pteridine were synthesised by the condens- 
ation of 4: 5-diamino-2-(3-diethylaminopropylamino)pyrimidine with the appropriate 
a-diketone under nitrogen, but an attempt to prepare a similar derivative of 6 : 7-ditso- 
propylpteridine gave only a gum. 

Although the corresponding unalkylated 2-aminopteridines were not required as inter- 
mediates, they were synthesised for comparison from 2: 4: 5-triaminopyrimidine by 

* Taylor and Cain, J, Amer. Chem. Soc., 1951, 78, 4384. 

‘ Comabere, ]. Pharmacol., 1949, 97, 484 

* Falco, Goodwin, Hitchings, Rollo, and Russel, Brit. ]. Pharmacol., 1951, 6, 185. 

* McConnachie, ene 1953, 42, 272. 

* H. O. J. Collier sonal communication. 

* Thurston, Poveiidien, 1954, 44, 99 

* Taylor, J. Amer, Chem. Soc., 1952, 74, 1648 


* Rose, /., 1961, 2770 
* Albert, Brown, and Cheeseman, /., 1952, 4219 
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Albert, Brown, and Cheeseman’s method,’ but the 5-nitropyrimidine was reduced in 
alcohol with Raney nickel and hydrogen instead of with sodium dithionite, so that the 
unstable triaminopyrimidine could be used in solution without isolation. 

Preliminary pharmacological tests indicated that the majority of our derivatives have 
much less antimalarial activity than their parent 6 : 7-disubstituted 2 ; 4-diaminopteridines, 
except 2-amino-4-(3-diethylaminopropylamino)-6 : 7-diphenylpteridine which shows slightly 
increased activity. A most interesting pharmacological result, however, is the complete 
lack of antagonism to pteroylglutamic acid shown by 2- and 4-amino-6 : 7-ditsopropyl- 
pteridine, with Streplococeus faecalis as the test organism: 2 : 4-diamino-6 : 7-ditsopropyl- 
pteridine is one of the most powerful known pteroylglutamic acid antagonists.” 

Attempted Preparation of 2-(Alhylaminoathylamino)-4-aminopteridines. —Taylor and 
Cain +" described the preparation of a number of 2-alkylamino-4-aminopteridines from 
4-amino-2-mercaptopteridines and the appropriate amine. They claim that the use of a 
“ high-boiling, strongly basic amine "’ leads further to alkylation of the 4-amino-group, and 
that in these cases attempts to limit substitution to the 2-amino-group failed. They there- 
fore postulate the occurrence of the open-chain intermediate (III), which yields either the 
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2-aminoalkylated or the bis-aminoalkylated product by the reactions indicated. A similar 
mechanism was suggested by Taylor? for the reaction of an amine with a 2: 4-diamino- 
pteridine in the absence of acid to produce 2-amino-4-alkylaminopteridines. 

However, 4-(3-diethylaminopropylamino)-2-mercapto-6 : 7-diphenylpteridine has now 
been isolated after reaction of 4-amino-2-mercapto-6 : 7-diphenylpteridine and 3-diethyl- 
aminopropylamine; and when further heated with the alkylaminoalkylamine, the inter- 
mediate was smoothly converted into the 2: 4-bisaminoalkylated product. A similar 
intermediate was isolated from the same amine and 4-amino-2-mercapto-6 ; 7-dissopropyl- 
pteridine. So it seems that replacement of the 2-mercapto-group occurs in the pteridine 
itself and that the postulated ring-opening is unnecessary; further, the fact that the 
substitution of the 2-mercapto-group occurs more easily after the 4-amino-group has been 
alkylated is almost certainly due to the increased solubility, 

An attempt to prove the independence of the substitution of the 2-mercapto-group by 
refluxing 2-mercapto-6 : 7-diphenylpteridine with 3-diethylaminopropylamine in ethanol 
met with little success; for, although reaction apparently took place (evolution of hydrogen 
sulphide), only tars were obtained, possibly owing to the absence of the stabilising influence 
of the 4-amino-group. 

One reason cited by Taylor and Cain ' against the direct replacement of the 2-mercapto- 
group on the pteridine nucleus is based on the well-known stability of 5-amino-2-mercapto- 
pyrimidines. This stability is not, in fact, general, since Brown ™ has shown that a 
2-mercapto-5-nitropyrimidine reacts readily with methylamine under relatively mild 
conditions. 

Finally, there appears to be little foundation for the division of amines made by Taylor 
and Cain into strongly basic and weakly basic amines, to account for the two possible 
courses of the reaction. Piperidine (pK, 11-6) a strong base, and morpholine (pK, 8-4) a 


® Collier and Waterhouse, Ann. Trop ; nae Parasitol, 1960, 44, 273. 
‘t Taylor and Cain, i Amer. Chem. , 1962, 74, 1644 
* Brown, J. Appl. Chem., 1954, 4, 2 
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relatively weak base; both react with 4-amino-2-mercaptopteridines to give the 4-amino-2 
alkylaminopteridine, and neither reacts with 2 : 4-diaminopteridine in the absence of seid. 
Ethanolamine (pK, 9-5) and benzylamine (pK, 9-4), on the other hand, have intermediate 
basicity and yet readily substitute the 4-amino-group of 4-amino-2-mercapto- and of 
2. 4-diamino-pteridines under similar conditions. Equally there appears to be little 
correlation between the course of the reaction and the boiling points of the amines con- 
cerned, From the evidence available it now appears that the course of these reactions is 
determined by the primary or secondary character of the amine. Primary alkylamines 
appear to react readily with the 4-amino-group of either 2: 4-diamino- or 4-amino-2- 
mercapto-pteridines, while secondary amines appear to be unable to substitute this position 
unless “ activated "’ by hydrochloric acid. The only exceptions so far recorded involve 
methyl-substituted amines.! 


EXPERIMENTAL 

2-Amino-6 : 7-diphenylpteridine.—-A solution of benzil (1-9 g.) in ethanol (20 ml.) was added 
to a hot solution of 2: 4: 5-triaminopyrimidine sulphate ™ (2-0 g.) in acetic acid (6 ml.) and 
water (20 ml.), and the whole refluxed for 2 hr., then diluted with water, and basified with 
ammonia, The dark brown precipitate was filtered off and twice recrystallised from aqueous 
ethanol (charcoal), giving golden-yellow needles of 2-amino-6 ; 7-diphenylplteridine, m. p. 240 
241° (1-2 g., 44%) (Found: C, 72:4; H, 4:3; N, 23-2. C,,H,,N, requires C, 72-2; H, 4-4; 
N, 23-4%) 

2-Amino-6 : 7-diisopropylpteridine.—-A solution of 2 : 5-dimethylhexane-3 : 4-dione ™ (3-7 g.) 
in ethanol (50 ml.) was added to 2: 4: 5-triaminopyrimidine (3-2 g.) in acetic acid (12 ml.) 
and water (80 ml.), and the mixture refluxed for 2 hr. The alcohol was removed by distillation, 
and the cooled solution basified with ammonia, Crude 2-amino-6: 7-diisopropylpteridine 
separated as green crystals. Kecrystallisation from aqueous ethanol (charcoal) gave 1-9 g. 
(31%,) of pale yellow needles, m. p. 189-—-190-5° (Found: C, 62-5; H, 7-6; N, 30-5. C,,H,,N; 
neque ©,'6 62:4; H, 7-4; N, 303%) 

Amino-6 ; 7-cyc Mandates’, oil A suspension of 2: 4-diamino-5-nitropyrimidine 

(1 i" x.) in methanol (25 ml.) was shaken at room temperature in hydrogen in the presence of 
Raney nickel until absorption was complete (6 hr.). After removal of the catalyst under 
nitrogen, cycloheptane-1 ; 2-dione ™ (0-82 g.) was added, and the mixture refluxed for 30 min, 
in nitrogen, The greenish-yellow precipitate of 2-amino-6 ; 7-cycloheplenopteridine formed tan 
coloured crystals m. p. 274—-276° (0-5 g., 36%), from dimethylfotmamide (charcoal) (Found : 
C, 61-5; H, 61; N, 32-2, C,,H,,N, requires C, 61-4; H, 61; N, 32-6%). 

4-Amino-6 : 7-diphenylpteridine.—4 : 5 : 6-Triaminopyrimidine sulphate “ (4-0 g.) was dis 
solved in water (100 ml.), and sufficient sodium carbonate added to give a neutral solution 
Benzil (3-8 @.) in ethanol (100 ml.) was added, and the mixture refluxed for 2 hr. and then set 
aside overnight. The pale yellow crystals were filtered off and dried, and unchanged benzil 
was removed by digestion with hot ligroin. Recrystallisation from aqueous acetone gave 
30 g. (60%) of 4-amino-6 : 7-diphenylpteridine as yellow needles, m. p. 202-— 203° (Found ; 
C, 72-4; H, 43; N, 23-4. C,,H,,N, requires C, 72-2; H, 44; N, 23-4%). M. p. of 175° is 
recorded " for this compound prepared by a different route. 

4-Amino-6 ; 7-diisopropylpteridine.-A solution of 2: 5-dimethylhexane-3 : 4-dione (2-6 g.) 
in ethanol (80 ml.) was added to a hot solution of 4: 5: 6-triaminopyrimidine sulphate (4-0 g.) 
in acetic acid (10 ml.) and water (100 ml.), and the mixture refluxed for 6hr. After removal of 
the alcohol, the aqueous solution was cooled and basified with ammonia. The precipitate of 
pale yellow needles was twice crystallised from aqueous ethanol (charcoal), affording 4-amino- 
6:7 nee aeated tak as white needles, m. p. 175-—-176-5° (2-0 g., 48%) (Found: C, 62-6; 
H, 74; N, 30-3. C,,H,,N, requires C, 62-4; H, 7-4; N, 30-3%). 

4-A mino-6 : 7-cyclohexenopteridine.—cycloHexane-1 : 2-dione ™ (2-1 g.) in ethanol (80 m1.) 
was added to a solution of 4: 5; 6-triaminopyrimidine sulphate (4-0 g.) in acetic acid (10 ml.) 
and water (80 ml.). After 6 hours’ refluxing, the alcohol was removed and the aqueous solution 


‘* Albert, Brown, and Cheeseman, /., 1951, 474. 

'* Campbell, Dunsmuir, and Fitzgerald, /., 1950, 2743 

'* Van der Haar, Voter, and Banks, /. Org Chem., 1949, 14, 836 
Brown, J. Soc. Chem. Ind., 1960, 68, 353. 

'’ Taylor, Carbon, and Hoff, 7 Amer Chem. Sec., 1953, 75, 1904. 
'* Rauh, Smith, Banks, and Diehl, /. Org. Chem , 1945, 10, 199 
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basified with ammonia. The chocolate-brown precipitate was twice crystallised from dimethyl- 
formamide, and gave 1-1 g. (29%) of 4-amino-6 : 7-cyclohexenopleridine as tan-coloured needles, 
m. p. 296—208° (decomp.) (Found: C, 60-1; H, 5-7; N, 341. C,,H,,N, requires C, 59-7; 
H, 5-5; N, 34-8%). 

4-Amino-6 : 7-cycloheptenopteridine.—This was prepared in the same way: from 2-2 g. of 
cycloheptane-1 : 2-dione, 1-5 g. (40%) of pure 4-amino-6 : 7-cycloheptenopteridine were obtained, 
forming pale yellow needles (from dimethylformamide), m. p. 304-—3056° (Found: C, 61-1; 
H, 6-1; N, 32-6. C,,H,,N, requires C, 61-4; H, 6-1; N, 32-6%). 

2: 4-Diamino-6 : 7-cyclohexenopteridine.—Tetra-aminopyrimidine hydrogen sulphite (3-8 g.) 
and acetic acid (6 ml.) were heated on the steam-bath until the evolution of sulphur dioxide was 
complete (15 min.). Water (60 ml.) was added, followed by a solution of cyclohexane-1 ; 2-dione 
(2 g.) in ethanol (30 ml.), and the mixture refluxed for 2 hr. The pale yellow crystalline 2; 4- 
diamino-6 : 7-cyclohexenopteridine was filtered off and washed with ethanol, Owing to its 
sparing solubility in ordinary organic solvents, partial purification was carried out by dissolution 
in hot formic acid (90%) (charcoal) and reprecipitation by addition of ammonia [yield, 3-3 g., 
85%; m. p. 358—360° (decomp.)} (Found: C, 548; H, 5-8; N, 39-6. C,,H,N, requires 
C, 55-5; H, 5-6; N, 389%). 

2: 4-Diamino-6 ; 7-cycloheptenopleridine.Tetra-aminopyrimidine hydrogen sulphite (9-5 g.) 
was warmed for 15 min. with acetic acid (30 ml.), and the acetate so formed was dissolved in 
150 ml. of hot water. A solution of cycloheptane-1 ; 2-dione (5-5 g.) in ethanol (70 ml.) was 
added, and the mixture refluxed for 2 hr. The cold mixture was basified with | nmonia, and 
the pale yellow precipitate (5-7 g., 57%) filtered off. Rapid crystallisation fi.m dimethyl- 
formamide (charcoal) gave tan crystals of 2 : 4-diamino-6 : 7-cycloheplenopteridine, m, p. 337 
339° (decomp.) (Found: C, 56-6; H, 6-2; N, 36-8. C,,H,,N, requires C, 57-4; H, 61; N, 
36-5%). 

2: 4-Bis(dialkylaminoalkylamino) pteridines (Table 1).—-These compounds were prepared by 
the following general method. The 2: 4-diaminopteridine (1-0 g.), the appropriate dialky! 
aminoalkylamine (10 ml.) and 2 drops of concentrated hydrochloric acid were heated in a sealed 
tube for 24 hr, at 180°, After removal of the excess of amine under reduced pressure, the pro- 
duct was crystallised as indicated, 

2-Amino-4-(dialkylaminoalkylamino) pteridines (Table 2)..-A similar procedure to that for 
the bisaminoalkylated products was used, but no acid was added. 

2-Mercapto-6 : 7-diphenylpteridine.—A solution of benzil (0-74 g.) in ethanol (25 ml.) was 
added to a solution of 4: 5-diamino-2-mercaptopyrimidine (0-5 g.) in water (30 ml.), whose 
pH was first adjusted to 9 by addition of sodium hydroxide solution. After 30 minutes’ re- 
fluxing, the cooled mixture was acidified with acetic acid, and the precipitate filtered off. Two 
recrystallisations from aqueous dimethylformamide (charcoal) gave 1-1 g. (90%) of fawn needles 
of 2-mercapto-6 : 7-diphenylpleridine, m. p. 189-—-190° (decomp.) (Found; C, 67-0; H, 3-06; 
N, 18-2; S, 10-2. C,,H,,N,5 requires C, 68:3; H, 3-8; N, 17-7; S, 101%), 

4-Amino-2-mercapto-6 : 7-diisopropylpleridine.—A suspension of 4: 5: 6-triamino-2-mer- 
captopyrimidine sulphate ” (1-0 g.) in water (25 ml.) was adjusted to pH 9 with a solution of 
sodium hydroxide and 2: 5-dimethylhexane-3 ; 4-dione (0-65 g.) in ethanol (10 ml.) and ethyl 
methyl ketone (10 ml.) was added, and the mixture refluxed for 4 hr. The cooled solution was 
acidified with acetic acid, and the yellow precipitate of 4-amino-2-mercapto-6 : 7-diisopropyl- 
pteridine recrystallised from aqueous dimethylformamide as yellow plates, m, p, 276-—-277° 
(0-6 g., 50%) (Found: C, 547; H, 66; N, 26-4; S,12-0. C,,H,,N,S requires C, 54-7; H, 6-5; 
N, 26-6; S, 12-2%). 

2-Alkylaminoalkylaminopteridines.—4-A mino-2-(3-diethylaminopropylamino) -5-nitropyrimt - 
dine. %3-Diethylaminopropylamine (11-0 g.) was shaken with 4-amino-2-chloro-5-nitropyrimi- 
dine * (5-0 g.) for a few minutes. The temperature rose to 90-—100°. As the reaction began 
to slacken, the mixture was refluxed for 15 min. The cooled mixture was poured into dilute 
aqueous ammonia, and the tan crystals were filtered off and washed with water. Recrystallisa- 
tion from aqueous ethanol (charcoal) gave 4-2 g.(55%,) of 4-amino-2-(3-diethylaminopropylamino) - 
5-nitropyrimidine as pale yellow needles, m. p, 112—113° (Found: C, 405; H, 7-3; N, 31-4. 
C,,HyON, requires C, 49-3; H, 7-5; N, 31-4%) 

2-(3-Diethylaminopropylamino)-6 : 7-diphenylpteridine.—A solution of 4-amino-2-(3-diethy! 
aminopropylamino)-5-nitropyrimidine (2-0 g.) in methanol (30 ml.) was shaken in hydrogen 


' Elion and Hitchings, /. Amer, Chem. Soc., 1947, 68, 2553 
* HBendich, Tinker, and Brown, thid., 1948, 70, 3109 
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at room temperature and pressure in the presence of Raney nickel. After I hr. the absorption 
of hydrogen had ceased and the catalyst was filtered off in nitrogen (the solution rapidly became 
purple in air). Benzil (1-57 g.) was added and the mixture was refluxed for 2 hr: in nitrogen, 
The dark brown solution was concentrated to small bulk and water was added. A brown tar 
was precipitated, which on scratching and cooling crystallised to a yellow solid. This was twice 
recrystallised from aqueous ethanol (charcoal), giving 1-2 g. (71%) of golden-yellow needles of 
2-(3-diethylaminopropylamino)-6 : 7-diphenylpteridine, m. p. 136-~-137-5° (Found; C, 72-7; H, 
6-9; N, 20-4. C,y,H,y,N, requires C, 72-8; H, 6-85; N, 20-4%,). 

2-(3- Diethylaminopropylamino) -6 : 7-cycloheptenopteridine,—-4- Amino-2-(3-diethylamino - 
propylamino)-5-nitropyrimidine (1-2 g.) was reduced as in the preceding experiment, and the 
resulting clear solution was refluxed under nitrogen with cye/oheptane-1 : 2-dione (0-55 g.) for 
2 hr. Concentration on the steam-bath and addition of water precipitated a brown cil which 
slowly crystallised to a green solid and was filtered off (0-75 g.), Recrystallisation from light 
petroleum (b. p. 60—80°) (charcoal) gave pale yellow needles of 2-(3-diethylaminopropylamino) 
6 : 7-cycloheptenopteridine, m. p. 100—101° (Pound: C, 65-7; H, 885; N, 25-85. C,,HyN, 
requires C, 65-8; H, 8-6; N, 25-6%). 

Reactions of 2-Mercaptopteridines with Alkylamines. 2: 4-Bis-(3-diethylaminopropylamino)- 
6: 7-diphenylpteridine. 4-Amino-2-mercapto-6 : 7-diphenylpteridine (0-5 g.) and 3-diethyl- 
aminopropylamine (5 ml.) were heated together at 120° for 10 hr, during which both hydrogen 
sulphide and ammonia were evolved, The excess of amine was removed under reduced pressure, 
and the residue recrystallised from aqueous alcohol, giving 0:5 g. (78%) of 2; 4-bis-(3-diethy! 
aminopropylamino)-6 : 7-diphenylpteridine, m. p. 137-—138°, 

4-(3- Diethylaminopropylamino) -2-mercapto-6 : 7-diphenylpleridine. 4-Amino-2-mercapto- 
6 : 7-diphenylpteridine (0-5 g.), 3-diethylaminopropylamine (2 ml.) and absolute alcohol (5 ml.) 
were refluxed toyether for 7 hr,, all the solid dissolving. A little dry ether was added to the 
cooled solution, followed by light petroleum (b. p. 40-—-60°), and, after trituration and standing 
for a time, yellow crystals separated. These were filtered off (0-26 g.) and twice recrystallised 
from aqueous alcohol, to give golden-yellow needles of 4-(3-diethylaminopropylamino)-2-mer- 
capto-6 : 7-diphenylpteridine, m. p. 217—-218-5° (Found: C, 67-7; H, 63; N, 19-1; S, 7-2. 
C,,H,,N,5 requires C, 67-5; H, 6:3; N, 18-9; S, 7-2%). 0-16 g. of 2: 4-bis-(3-diethylamino- 
propylamino)-6 : 7-diphenylpteridine was isolated from the ether-light petroleum filtrate. 

This compound (0-37 g.), 3-diethylaminopropylamine (3 ml.), and ethyl aleohol (4 ml.) were 
refluxed together for 10 hr., by which time the evolution of hydrogen sulphide appeared to be 
complete. The mixture was poured into water, and the yellow crystals of 2: 4-bis-(3-diethyl- 
aminopropylamino)-6 ; 7-diphenylpteridine (0-34 g.), m. p. 137-138”, were filtered off. 

4-(3-Diethylaminopropylamino)-2-mercapto-6 : 7-diisopropylpteridine. 4-Amino-2-mercapto- 
6 : 7-diisopropylpteridine (0-5 g.), 3-diethylaminopropylamine (2 ml.), and absolute alcohol 
(5 ml.) were refluxed for 4 hr. The alcohol was then distilled off and the residue triturated with 
water to crystallisation. The lemon-yellow crystals (0-46 g.) were filtered off, dried, and re- 
crystallised from chloroform-—light petroleum (b. p. 40-—60°). Bright yellow needles of 4-(3-di- 
ethylaminopropylamino)-2-mercapto-6 : 7-diisopropylpteridine, m. p. 162—163°, were obtained 
(Found: C, 60-7; H, 845; N, 22-4; S, 85. C,,H,,N,S requires C, 60-7; H, 86; N, 22:3; 
S, 85%). 


The authors thank Dr. J. H. Hunt and Mr. J. H. Dunsmuir for valuable suggestions and 
for supplies of some of the starting materials, also Dr. H. O. J. Collier for the pharmacological 
results, and the Directors of Allen and Hanburys Limited for the provision of facilities and for 
permission to publish this work. 
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393. (Quaternary Ammonium Nitrates. Part 11.* Reactions of Nitrato- 
alkyl Ethers, Amines, Amides, and Urethanes with Tertiary Amines 
and Related Compounds, 


By E. S. Lang. 


The normal reaction of alkyl nitrates with tertiary amines to form quater- 
nary ammonium nitrates has been shown to occur when the alkyl group 
contains various substituent groups. The preparation and properties of 
some new substituted alkyl nitrates and the direct quaternisation of a 
tertiary phosphine with an alkyl nitrate are also described. 


In Part I* it was shown that alkyl nitrates and polymethylene dinitrates reacted with 
tertiary bases to form the corresponding quaternary ammonium nitrates. The effect of 
substitution in the alkyl chain on this reaction has now been further investigated. Butoxy- 
ethyl nitrate and triethylene glycol dinitrate both reacted readily with tertiary amines to 
form the expected quaternary ammonium nitrates, and this method can be used to 
supplement those already described '\* for the synthesis of these physiologically active 
compounds. 

The nitric esters of mono-, di-, and tri-ethanolamine and of N-methyldiethanolamine 
also quaternised readily with tertiary amines. With more reactive bases, e¢.¢g., pyridine 
and benzyldimethylamine, the violence of this reaction necessitated dilution with inert 
solvent. This reaction supplements and extends those of Marxer and Miescher ** for the 
synthesis of ganglion-blocking agents related to “ Pendiomide.’’ An interesting feature 
of these amino-substituted quaternary ammonium nitrates is their very low solubility 
in ethanol and methanol. 

N-2-Hydroxyethylstearamide was esterified readily in acetic anhydride-fuming nitric 
acid, in quantitative yield, NN’-Di-(2-hydroxyethyl)oxamide and higher homologues 
reacted similarly with this reagent; NN’-di-(2-hydroxyethyl)-maleamide and -digly- 
collamide were exceptional and decomposed during nitration into unidentified products. 
When the alkyl chain in the N-substituent was lengthened, as, for example, in N-3-hydroxy- 
propylstearamide, or branched, as in NN’-di-(3-nitratobutyl)oxamide, esterification still 
occurred as expected. If, however, the 2-hydroxyethyl substituent was attached to a urea 
residue, as in N-2-hydroxyethylurea, this reaction was accompanied by complete hydrolysis, 
with evolution of carbon dioxide. Except for NN’-di-(2-nitratoethyl)oxamide,® these 
amides form a new class of substituted nitric ester, and are characterised by water- 
insolubility, stability, and ready crystallisation. They react with tertiary bases forming 
the corresponding quaternary ammonium nitrates. The halogen analogues of some 
of these salts are of technological importance, particularly the long-chain acylamino- 
alkyltrialkylammonium halides.6* NN’-Di-(2-nitratoethyl)oxamide with methanolic 
potassium hydroxide gave di-(A*-1 ; 3-oxazolin-2-yl) (1), prepared similarly by Wenker ® 
from NN’-di-(2-chloroethyljoxamide, Normally an alkyl nitrate with alcoholic alkali 
gives the mixed ether but a further example of the use of a nitric ester, albeit a highly 
substituted one, to form a A*-oxazoline ring on hydrolysis has been noted recently,'® 

The products from NN’-di-(2-hydroxyethoxycarbonyl)ethylenediamine ([1) depended 
on the reagents. Acetic anhydride-fuming nitric acid gave NN’-di-(2-nitratoethoxy- 
carbony!)-NN’-dinitroethylenediamine (I11), whilst fuming nitric acid alone is believed 


* Part I, J., 1953, 1172 
' Hazard, Cheymol, Chabrier, Corteggiani, Muller, and Gay, Bull, Soc. chim. France, 1953, 270. 
* Fakstorp, Christiansen, and Pedersen, Acta Chem. Scand., 1953, 7, 134 
* Marxer and Miescher, Helv. Chim. Acta, 1961, 118, 925 

U.8.P., 2,654,776; BP. 719,610. 

Stuart and Wright, Canad. /, Res,, 1948, 26, 13, 401 

U.S.P. 2,459,088 

U.S.P. 2,459,062, 2,626,876 

BP. 688,048 

Wenker, /. Amer. Chem. Soc., 1938, 60, 2152 
EP. 711,136 
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to give N- rather than O-reaction, giving (V). N-Nitration of carbamic esters had been 
shown t» occur by Curry and Mason.'* Both compounds decomposed extensively on 


attempted reaction with pyridine. 


NH-CO,CH,CH,-OH O,N’N-CO,CH,’CH,O-NO, 


wai t IPH iA 
NH-CO,CH,CH,-OH O,N-N-CO,CH,CH,-O-NO, 
(TT) (IIT) 


“ipicoecon one, O,N-N:CO,CH,-CH,yOH 
[CH,], [CH,); 


NH-CO,CH,’CH,-O-NO, O,N’N-CO,CH,°CH,OH 
(IV) (V) 


The reaction of some substituted alkyl nitrates with thiourea to form thiuronium 
nitrates is detailed below. With NN’-di-(3-nitratobuty!)oxamide only one mol. of thiourea 
reacted under the conditions used. Similar non-reactivity of the second nitric ester group 
was observed in Part I. 

For the first time the direct preparation of a phosphonium nitrate is reported: di-(o 
methoxyphenyl)methy!phosphine and ethyl nitrate, on prolonged refluxing in ethyl 
alcohol, forms ethyldi-(o-methoxyphenyl)methylphosphonium nitrate. 

Generally, quaternary ammonium nitrates are more difficult to crystallise than the 
corresponding halide salts, This may be due, in part, to their almost invariably lower 
melting points, The characterisation of such compounds is best achieved via the corre- 
sponding picrates or perchlorates. The quantitative characterisation of quaternary 
ammonium nitrates by titration with perchloric acid in glacial acetic acid may also be 
recommended in many cases, 

EXPERIMENTAL 


Determination of the Equivalent Weight of Quaternary Ammonium Salts,--Quaternary 
ammonium nitrates were titrated in glacial acetic acid with a freshly standardised solution of 
perchloric acid in glacial acetic acid, a high-frequency method ™ being used for the determination 
of end-point. This method gave unsatisfactory results with those polyfunctional compounds 
where perchlorate was precipitated during the titration with the production of a spurious 
end-point, 

Quaternary ammonium picrates were determined titrimetrically by the visual end-point 
method due to Clark and Wang. 

2-Butoxyethyltvimethylammonium Nitrate,—2-Butoxyethyl nitrate 4 was heated with aleoholic 
trimethylamine for 2 hr. at 100°. Removal of the solvent left the sal/ as a colourless oil 
(Found : equiv., 224. C,H ,O,N, requires equiv., 222). 

3-Oxa pentamethylenebis(pyridinium Nitrate).—Diethylene glycol dinitrate was refluxed for 
2hr. with a ten-fold excess of pyridine. Excess of pyridine was removed from the lower, dark, 
viscous layer which was then treated with charcoal in aqueous solution and evaporated to 
dryness, yielding the salt, m. p, 45—46°, as cream-coloured cubes from acetone (Found: C, 44-4; 
H, 55; N, 147. Cy,H,,0,N,H,O requires C, 45-1; H, 5-4; N, 15-05%). The dipicrate 
melted at 5 (Found: C, 45-4; H, 3-2; N, 160%; equiv., 348. CygHyO,.N, requires 
C, 45-5; H, 3-5; N, 163%; equiv., 344). 

3: 6- Dinawes tamethylenebis(pyridinium Nitrate), 
similarly gave the salt as an amber syrup, characterised as the dipicrate, m, p. 117- 
C, 46-0; H, 3-5; N, 15-7. CygHygOigN, requires C, 46-0; H, 3-6; N, 15-35%), 

Reaction of Tertiary Bases with the Nitric Esters of Mono-, Di-, and Tri-ethanolamine.— 
2-Nitratoethylammonium nitrate “ (5 g.), ethanol (50 ml.), and pyridine (10 ml.) were refluxed 
Removal of the solvent left an amber syrup which slowly crystallised. 


Triethylene glycol dinitrate and pyridine 
119° (Found : 


together for 30 min. 


‘t Curry and Mason, /. Amer. Chem. Soc., 1951, 73, 5043 
* Lane, Analyst, 1955, 80, 675. 

'S Clark and Wang, Analyt. Chem., 1954, 26, 1230 

4 Desseigne, Bull. Soc. chim. France, 1946, 9% 

1* Harbiére, ibid., 1944, 1], 470 
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After recrystallisation from 90%, ethanol, 2-pyridiniumethylammonium dinitrate formed colour- 
less leaves, m, p. 114° (Found: C, 342; H, 6-2; N, 230%; equiv., 126. C,H,,0O,N, requires 
C, 33-9; H, 48; N, 226%; equiv., 124). The dipicrate melted at 226° (decomp.) [lit.,“ m. p. 
225--226° (decomp.)]. By a similar procedure 2-quinoliniumethylammonium dipicrate was 
obtained, having m. p. 239° in agreement with Seshadri.” 

Di-(2-nitratoethyl)ammonium nitrate ” was similarly converted into di-(2-pyridiniumethyl)- 
ammonium trinitrate, colourless cubes, m, p. 146—-147° (Found: C, 40-6; H, 5-1; N, 19-5. 
CygHygOyN 4 requires C, 40-4; H, 4-8; N, 22-2%), tripicrate, m. p. 211-——212° (decomp.) (Found : 
N, 17-9. CygklggOy,Nyg requires N, 18-4%), and triperchlorate. m. p. 176° (decomp.) (from acetic 
acid) (Found: N, 7-65. Cy HyO,,N,Cl, requires N, 7-9%). 

Tri-(2-nitratoethyljamine similarly ™ formed tri-(2-pyridiniumethyl)amine trinitrate, m. p. 
100-—-103° (after shrinking at 80°) (deliquescent cubes), darkening in light (Found: C, 47-9; 
H, 56-4; N, 18-5. C,,H,,O,N, requires C, 48-4; H, 6-2; N, 18-8%), and tetraperchlorate (explodes 
when heated) (Found; N, 8-6; Cl, 16-1. C,,H,,O,,N,Cl, requires N, 8-8; Cl, 16-8%). 

Tri-(2-nitratoethyljammonium nitrate, heated with alcoholic trimethylamine, formed 
tri-(2-trimethylammoniumethyl)ammonium tetranitrate, m, p. 143-—-146° (Found: C, 34-3; 
H, 81; N, 210. C,sH,,O,,N, requires C, 34-3; H, 7-6; N, 214%). 

Methyl di-(2-nitratoethyljamine with pyridine at 100° formed 3-methyl-3-azapentane- 
|: 5-bis(pyridinium nitrate) characterised as the tripicrate, m. p. 160° (Found: N, 17-9. 
Cag ggg, N yg requires N, 181%). 

NN’-Di(hydroxyalkyl)diamides,—Rauscher and Clark's method™ using the appropriate 
diester (whenever available) and a slight excess of the hydroxyalkylamine was used; alter- 
natively, the free acid was refluxed with a 50% excess of the hydroxyalkylamine for 4 hr. 
New compounds prepared by these methods are recorded in Table 1. 


TABLE 1. NN’-Di(hydroxyalkyl)diamides. 
Found, Kequired, 


Formula N (%) N (%) 
Arsene dna VOXAMIGE ......0:cccccereeerenene CyhH ON, 160 17-7 
(3-hydroxybutyljoxamide 25 CyHyO,.N, 11-7 12-05 
(1-hydroxymethyl-(1-methylethyljoxamide ... CygHyON, 12:3 12-05 
(3-hydroxypropyl)succinamide CypHyON, 124 12-05 


NN’-Di-(2-hydroxyeth yl) maleamide 99 CoH OWN, 13:5 13-0 
8 


NN’-Di-(2-hydroxyethyl)decane-1 : 10-diamide i Cig gy, 8-95 89 
N’-Di-(2-hydroxyethyl)hexadecane-1 : 16-diamide ... CyHy OWN, 6-95 70 


N-3-11 ydroxypropylstearamide, prepared from stearic acid and 3-aminopropanol, had m, p. 
83.—84° (Found: N, 415, C,,H,,O,N requires N, 4-1%). 

2-Stearamidoethyi Nitrate.—Powdered N-2-hydroxyethylstearamide (16 g.) was added 
portionwise to a cooled, stirred mixture of acetic anhydride (14-1 ml.) and fuming nitric acid 
(6-5 ml.) at <5°. The mixture was cautiously heated to 30° to effect complete dissolution of 
the amide and then poured into cold water, The ester separated as a white solid, which was 
filtered off, washed with water, and dried in air. The yield is quantitative and the material 
can be used for quaternisation without further purification, The pure material melted at 
68-5 69° (from ethanol) (Found: N, 7-55. C,,H,,O,N, requires N, 7-5%). 

3-Steavamidopropyl nitrate, similarly prepared, had m. p. 63--65° (Found: N, 7:3, 
Cy, HON, requires N, 73%). 

Preparation of NN‘-Di(nitvatoalkyl)diamides.--These were prepared from the corresponding 
hydroxy-compounds by acetic anhydride-fuming nitric acid. One example is detailed; pro- 
perties of the new nitrates prepared by this route are listed in Table 2. 

NN’-Di-(3-nitratobutyl)oxamide. NN’-Di-(3-hydroxybutyljoxamide (20 g.) was added 
portionwise to a stirred mixture of acetic anhydride (23 ml.) and fuming nitric acid (10 ml.) 
at <0", Nitric acid (d 1-42) was then added to effect complete dissolution and the mixture 
was poured into cold water and neutralised with sodium carbonate. The solid separating was 
filtered off, and washed. The ester had m. p. 100-5° (from ethanol) (Found: N, 17:3. 
Cpl, pO gN, requires N, 17-4%). 

2-Stearamidoethylpyridinium Nitrate.-2-Stearamidoethyl nitrate (10 g.) and pyridine 


‘© Gabriel, Ber., 1920, 68, 1989. 

'? Seshadri, J., 1929, 2052. 

'* Chute, Herring, Toombs, and Wright, Canad. J. Res., 1948, 26, 1, 89. 
4” Dunn, Meen, and Wright, J. Amer, Chem. Soc., 1952, 74, 1344. 

* Rausher and Clark, ibid., 1948, 70, 438. 
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TABLE 2. NN’-Di(nitratoalkyl)diamides. 


Found, Required, 
M. p. Formula N (%) N (%) 
NN’-Di-(2-nitratoethylj)oxamide ..,......++ 148° Stuart and Wright‘ cite m. p. 1482° 
NN’-Di-(3-nitrat pyljoxamide ...,...... pledges enarercseses 4H ,,0 19-0 10-08 
NN’-Di-(3-nitratobutyljoxamide 
NN’-Di-(2-nitratoethyl)malonamide 
NN’-Di-(2-nitratoethyl)succinamide .,......... ipepepasicocéoes 
NN’-Di-(3-nitratopropyl)succinamide 
NN’-Di-(2-nitratoethyljadipamide ........sccccceceseeseesereees 
NN’-Di-(2-nitratoethyl)sebacamide 
NN’-Di-(2-nitratoethyl)decane-1 : 10-diamide 
NN’-Di-(2-nitratoethyl)hexadecane-1 ; 16-diamide 


TABLE 3. Quaternary ammonium salts derived from dicarboxylic acid bis(tertiary 
aminoalkylamides). 
Found (%) Required (%) 


a) 


M. p. Formula c ae eo a 


NN’-Di-(2-pyridiniamethyl)oxamide 
dinitrate 210°* CysH,,O,N, M7 846 196 463 47 108 
dipicrate Cop yO 6X 1 18-4 18-5 
NN’-Di-[2-(cyclohexylmethylamino)- 
ethyljoxamide dimethopicrate 161 * atlgsOueN ip 476 b 168 565 164 
NN’-Di-(3-dimethylaminopropyl)- 
oxamide dimethonitrate 23 pH gO N 40-7 785 107 78 20-4 
dimethoperchlorate 28: ‘Hy Cl, 1486 — TET 11-5 
NN’-Di-(2-pyridiniumethyl}succin- 
amide dinitrate “pelts Og « 44-7 : 19-6 45. 47 108 
dipicrate , CollesQuNre  ° 18-3 17-9 
NN’-Di-(2-pyridiniumethyl)adip- 
amide Gipicrate .....0+6-s0+6 , Cathy re 0 171 ~ 175 
NN’-Di-(2-pyridiniumethyl)sebac- 
amide dinitrate CayH yOu « 165 - - 163 
dipicrate Cyl yOigh yo = 49 475 160 496 48 161 


* Decomp. t cl 


(25 ml.) were heated together on a steam-bath for 8 hr. Kemoval of unchanged pyridine left 
a thick oil which was triturated with ether and dried in vacuo; the salt was obtained as a soft 
amber-coloured wax with no definite m, p. (Found: N, 8-75, C,,H,,O,N, requires N, 93%). 
Similarly obtained were 3-stearamidopropylpyridinium nitrate, a yellow wax (Found; N, 8-7. 
CogHy,O,N, requires N, 9-0%), and benzyldimethyl-(3-stearamidopropyl\ammonium nitrate, an 
amber wax (Found: N, 7:8. C,,H,,0O,N, requires N, 81%). All these compounds gave 
foaming aqueous solutions, 

Reaction of NN’-Di(nitratoalkyl)diamides with Tertiary Amines.A similar procedure led to 
the compounds listed in Table 3, Where no m. p. is given the compound was a syrup. Failure 
to crystallise has been previously noted for other quaternary ammonium salts in this series.™ 

Di-(A*-1 : 3-oxazolin-2-yl) (1),—NN’-Di-(2-nitratoethyljoxamide (2-66 g.) was refluxed in 
methanol (30 ml.) containing potassium hydroxide (1-12 g.) for 1 hr., then filtered whilst hot 
from the inorganic precipitate. The filtrate, on evaporation to dryness, deposited the base, m. p. 
211° (from toluene) (Found: equiv., 139. Cale. for C,H,O,N,: equiv., 140). Wenker® 
obtained m. p. 213°. 

Nitration of NN’-Di-(2-hydroxyethoxycarbonyl)ethylenediamine (I1),--The urethane ™ (16 g.) 
was added portionwise to a mixture of acetic anhydride (23 ml.) and fuming nitric acid (11 ml.) 
at <5°. Nitric acid (d 1-42; 15 ml.) was added to effect complete dissolution and the mixture 
was poured into cold water and neutralised with sodium carbonate. The precipitated NN’ 
dinitvo-NN’-di-(2-nitvatoethoxycarbonyl)ethylenediamine (111) had m. p, 80-—81° (from methanol) 
(Found: C, 23-9; H, 28; N, 20-6. C,H,,0O,,N, requires C, 23-1; H, 29; N, 20-2%), and 
decomposed exothermically on reaction with pyridine, forming water-insoluble products. 

NN’-Di-(2-hydroxyethoxycarbonyl)ethylenediamine (5 g.) was added portionwise to fuming 
nitric acid (12 ml.) at <5°; pouring the mixture into sodium carbonate solution gave 
a colourless oil which solidified (m, p. 91-—-92°) (Found: C, 30-1; H, 4-5; N,17-4%), NN’-Di- 
(2-nitratoethoxycarbonyl)- (IV) and NWN’-di-(2-hydroxyethoxycarbonyl)-NN’-dinitroethyl- 
enediamine (V) both have the molecular formula C,H,,O0,,N, (Required: C, 20-4; H, 43; 

*1 Phillips, J. Amer. Chem. Soc., 1952, 74, 4320, 

*? Chabrier, Delaby, and Najer, Compt. rend., 1962, 285, 376. 
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N, 172%}. The compound obtained is believed to be the latter, as it decomposed in pyridine 
without formation of the expected quaternary nitrate. 

Ethyldi-(o-methoxyphenyl)methylphosphonium  Nitvrate.—-1Di-(o-methoxyphenyl)methylphos- 
phine * was refluxed for 8 hr. on a steam-bath with a 50% excess of ethyl nitrate in ethanol. 
Removal of solvent left the salt, m. p. 154—156° (from ethanol-acetone) (Found: C, 57-8; 
H, 65; N, 39%; equiv., 348, C,,H,O,NP requires C, 58-2; H, 6-3; N, 40%; equiv., 351); 
the picrate had m. p, 136—-137° (decomp.) (Found: N, 83%; equiv., 520. C,,H,,O0,N,P 
requires N, 81%; equiv,, 617). 

NN’-Oxamidobis-(3-thiuroniumpropyl) Dinitvate.—-NN’-Di-(3-nitratopropyljoxamide and 
two mols. of thiourea were refluxed together in toluene for 6 hr. On removal of solvent the 
salt was obtained as a yellow oil which slowly solidified. It formed cream cubes, m. p. 211° 
(decomp.), from ethanol (Found; N, 24-8; S, 14-2. C,gH,O,N,S, requires N, 25-1; S, 14-85%) ; 
the dipicrate, insoluble in all common solvents, had m. p. 258° (decomp.) (Found: N, 21-6; 
S, 62. CygHyeO,gN g5, requires N, 21-6; S, 82%). 

N-(3-Nitratobutyl)-N’-(3-thiuroniumbutyl)oxamide Nitrate.N N’-Di-(3-nitratobutyl)oxamide 
(5 g.) and thiourea (2-4 g.) were refluxed together in 2-ethoxyethanol for 1 hr. The colourless 
oil remaining after removal of solvent did not crystallise but was characterised as the picrate, 
m. p. 220--230° (decomp., after shrinking at 200°) (Found: N, 199; S, 5-7. C,,H,O,,N,5 
requires N, 19-9; S, 57%). 

Unitep Kincpom Atomic ENgrGy AUTHORITY, 

A.E.RLE., HaARweit, Nr. Dipcotr, Berxs. [Received, December 19th, 1955.) 


* Kennedy, Lane, and Willans, unpublished work 


394. Condensation Products of Phenols and Ketones. Part X.* The 
Structure of Dianin’s Compound, a Unique Inclusion-forming Sub- 
stance, 


By Witson Baker, A, J. Flroyp, J. F. W. McOmir, G. Pope, 
A. S. Weavine, and J. H. WILD. 


A product, '' Dianin’s compound,”’ first prepared in 1914 from phenol 
and mesityl oxide, is shown to be 4-p-hydroxyphenyl-2 : 2: 4-trimethy]l- 
chroman (III), Oxidation yields 2: 2: 4-trimethylchroman-4-carboxylic 
acid, and thermal degradation gives phenol and 2: 2: 4-trimethylchromen. 
The latter compound has been synthesised and yields Dianin’s compound by 
addition of phenol. 

Dianin's compound forms inclusion compounds with over fifty widely 
differing organic solvents, some inorganic gases, and with iodine. The large, 
separate cavities in the crystals are defined by six molecules of Dianin’'s 
compound, and the ratio of number of molecules of Dianin’s compound to 
the number of included molecules is generally 6:1, though a ratio of 3:1, 
i.¢., 2 molecules per hole, is found with a number of small molecules. 


Previous papers +* have described inter al. some derivatives of 2'-hydroxy-2 : 4: 4-tri- 
methylflavan prepared by condensing simple phenols with acetone, and these flavans formed 
inclusion compounds with a variety of organic solvents.** The condensation product 
of phenol with mesityl oxide was studied by Dianin,* and he observed that it formed 
crystalline adducts with certain organic solvents. We have now reinvestigated this 
substance, which will be referred to as “ Dianin’s compound " (see a preliminary note by 
Baker and McOmie °). 

Dianin showed that phenol (2 mol.) reacted with mesity! oxide (1 mol.) in presence of 
hydrogen chloride to give a monohydric phenol, C,,H,,O,, which formed a benzoate and a 


* Part IX, J., 1952, 3796, 


' Baker, Curtis, and McOmie, /., 1951, 76. 

2? Idem, J., 1952, 1774. 

* Baker, Curtis, and Edwards, /., 1951, 83; Baker, Downing, Hewitt-Symonds, and McOmie, /,, 
1952, 3706 

* Dianin, J. Russ. Phys. Chem. Soc., 1914, 46, 1310; Chem. Zentr., 1916, 1, 1063. 

* Baker and McOmie, Chem. and Ind., 1955, 256. 
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methyl ether; oxidation of the latter gave anisic acid. Dianin’s compound gave salicylic 
acid when fused with alkali, and when distilled it gave phenol and an olefin, C,,H,,0, 
which recombined in presence of hydrogen chloride regenerating Dianin's compound. 
Dianin regarded the substance C,,H,O, as 4’-hydroxy-2 : 4: 4-trimethylflavan (1; R = 
p-HO-C,H,), and the olefin as 2:4: 4-trimethylchromen. These experiments have now 
been confirmed, and in addition we have found that oxidation of Dianin’s compound by 
potassium permanganate gives in low yield an acid, C,,H,,O,, m. p. 124—125°, which is 
isomeric with 2: 4: 4-trimethylehroman-2-carboxylic acid (1; R = CO,H), m. p. 172°, 
previously obtained* by the oxidative degradation of a number of 2’-hydroxy-2: 4: 4- 
trimethylflavans (I; R =0-HO-C,H,). This result disproves Dianin’s suggested 
structures for his compound and for the derived olefin. A significant second product 
obtained also in low yield from the oxidation of Dianin’s compound with potassium 
permanganate was 2: 2-dimethylchromanone (II), isolated and characterised as its 
2 : 4-dinitrophenylhydrazone. 
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Consideration of the most likely course of the reaction between phenol and mesityl 
oxide, led to the expectation that Dianin’s compound was 4-p-hydroxyphenyl-2 ; 2 : 4-tri- 
methylehroman (III), and consequently that the derived acid, C,,H,,03, was the tertiary 
acid 2: 2: 4-trimethylchroman-4-carboxylic acid (1V). In partial confirmation of this 
view, it was found that the acid behaved as a tertiary acid in that it rapidly evolved carbon 
monoxide when treated with concentrated sulphuric acid at 40°, Structure (III) was one 


p-HO-C,H,), but the present work proves that Dianin’s compound is in fact correctly 
represented by (III). 
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The olefin, C,,H,,O0, contains one olefinic bond as revealed by microhydrogenation and 
by the formation of a crystalline tribromo-dibromide, and the molar refractivity and 
ultraviolet absorption spectrum showed that the double bond was conjugated with the 
benzene ring. Controlled oxidative degradation of the olefin was difficult; oxidation of 
one sample by potassium permanganate gave a 1", yield of 2: 2-dimethylchromanone, 
isolated and characterised as its 2 ; 4-dinitrophenylhydrazone, but all other samples gave 
a 2% yield of a substance, isolated as a mono-2 ; 4-dinitrophenylhydrazone, which may be 
o-(2-formyl-1-methylethoxy)acetophenone, 0-Ac*C,H -O°CMe,-CHO. The latter was also 
produced in 17%, yield by oxidation of the olefin with chromic acid, Ozonisation of the 
olefin gave a small yield of o-hydroxyacetophenone, but no formaldehyde could be detected. 
These experiments suggested that the olefin was probably 2: 2: 4-trimethylchromen (V) 
containing on the one occasion a trace of the isomeric 2 : 2-dimethyl-4-methylenechroman 
(VI) and this was confirmed by the synthesis of 2: 2: 4-trimethylchromen (V) from 4- 
methylcoumarin and methylmagnesium iodide. The synthetic chromen (V) had the 
same absorption spectrum and gave the same tribromo-dibromide as the chromen derived 
from Dianin’s compound. Moreover, both specimens of the chromen gave practically 
the same yield of Dianin’s compound when treated with excess of phenol and hydrogen 
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chloride, and in these experiments the p-hydroxyphenyl residue must become attached to 
carbon atom 4 of the chromen ring, because the related carboxylic acid is tertiary. Hence 
Dianin's compound must be 4-p-hydroxyphenyl-2 : 2 : 4-trimethylchroman (III) and the 
derived acid must be 2 : 2: 4-trimethylchroman-4-carboxylic acid (IV). 

The formation of Dianin’s compound from phenol and mesityl oxide probably involves 
(a) the addition of phenol to the cationoid -carbon atom of the mesityl oxide to give a 
%-phenoxy-ketone (VII), (b) cyclisation to 4-hydroxy-2: 2: 4-trimethylchroman (VIII), 
followed by either (c) condensation of the tertiary hydroxyl group with the p-hydrogen 
atom of the second molecule of phenol, or (@) elimination of water to give the chromen (V) 
to which the second molecule of phenol subsequently adds. All these reactions are likely 
to be acid catalysed. Steps (c) and (d) may both occur. Step (a) is much more probable 
than reaction of the ketonic carbon atom of the mesity! oxide with an o-hydrogen atom of 
the phenol, because such a reaction would be likely to occur almost exclusively in the 
p-position to the phenolic hydroxyl group (cf. the ready condensation of phenol with 
acetone to give 2: 2-di-p-hydroxyphenylpropane), and because the cationoid reactivity 
of the carbonyl group in mesityl oxide is diminished by the presence of the «8-double bond. 
The addition of the anionoid phenol to the chromen (V) to give Dianin’s compound occurs, 
as expected, at the more cationoid of the two carbon atoms 3 and 4, the double bond being 
conjugated with the oxygen atom as shown in (V). 

The synthesis of 2 ; 2-dimethylchromanone, required for comparison with that obtained 
by degradation, has been the subject of controversy. Skraup and Beng ® claimed to have 
prepared the chromanone by thermal rearrangement of phenyl 6¢-dimethylacrylate alone 
or in presence of zinc chloride, but von Auwers and Mauss’ were unable to repeat the Fries 
rearrangement even in the presence of aluminium chloride. In the present work it was 
found that the ester, conveniently prepared by heating phenol with 66-dimethylacryloyl 
chloride, when heated with aluminium chloride gave a 45% yield of 2: 2-dimethyl- 
chromanone. The same ester when treated with aluminium chloride in carbon disulphide 
is reported * to give 3: 4-dihydro-4 : 4-dimethyleoumarin (67-5%) and a trace of 2 : 2-di- 
methylchromanone. A synthesis of 2: 2-dimethylchromanone from 4-ethoxycoumarin 
gave a 57%, yield of very crude material.® 
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With the object of preparing derivatives of Dianin’s compound with substituents in 
the hydroxyphenyl nucleus, attempts have been made to add substituted phenols to 
2:2: 4-trimethylchromen (V). With m- and p-cresol, the chromen yielded non-phenolic 
resins which are probably cresol ethers. o-Cresol gave a phenolic crystalline homologue 
of Dianin's compound, which formed no complexes with solvents. Catechol also combined 
with the chromen, but the compound could not be crystallised and it gave no adducts; 
oxidation gave a low yield of 2 : 2 : 4-trimethylchroman-4-carboxylic acid (IV). 

Inclusion Compounds.—Dianin’s compound is remarkable in forming crystalline 
adducts with all the many organic solvents which have been tested. These adducts are 


* Skraup and Beng, Ber., 1927, 60, 942; 1928, 61, 1665. 

’ von Auwers and Mauss, Ber., 1928, 61, 416, 2545. 

* Colonge and Chambard, Bull. Soc. chim. France, 1953, 20, 581. 
Wawzonek, Nagler, and Carlson, J. Amer. Chem. Soc., 1954, 76, 1080. 
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very stable and only lose their solvent when melted. Dianin described adducts with 
ethanol, acetone, acetic acid, and chloroform, which he stated had a ratio of four molecules 
of his compound to one of the solvent, and also an ether adduct with a ratio of 8 : 1. 

The molecular ratios of Dianin’s compound to included molecule as now determined do 
not agree with those recorded by Dianin (see Table in Experimental section). The ratio 
is 2: | for methanol only, for somewhat larger molecules such as ethanol, acetone, or the 
butanols the ratio is 3: 1, but for the majority of adducts, including aromatic compounds, 
the ratio is 6:1. These adducts are of the nature of inclusion compounds ' (clathrates), 
and X-ray crystallographical studies by Powell and Wetters ™ show that six molecules 
of Dianin’s compound surround a large, egg-shaped cavity, the ends being flat hexagons 
formed by six phenolic hydroxyl groups linked by hydrogen bonds; this feature is also 
found in the quinol clathrates. Each such hexagon, formally represented by (IX), is 
common to two cavities, and the sides of the cavity are defined by the Cy,H,,O parts of 
the molecules of Dianin’s compound which are arranged alternately above and below the 
plane of the hexagon. A cavity can accommodate three molecules of metiianol (ratio 2: 1), 
two molecules of intermediate size (ratio 3: 1), but only one molecule of the larger sizes 
(ratio 6:1). The Table shows some cases where other ratios are found, and these are to 
be explained by assuming that some of the holes are either incompletely filled or contain 
no enclosed molecule. Thus a 7:1 ratio is really a 6:1 ratio with every seventh hole 
unfilled. This phenomenon is known with other inclusion-forming substances, and is 
perhaps particularly likely to occur in cases like that of Dianin’s compound which contain 
cavities rather than tunnels, and which crystallise alone in the same form as when an 
adduct is incorporated in the lattice; the ratio may vary according to the conditions of 
crystallisation. Dianin’s compound is precipitated in a solvent-free, crystalline form from 
a hot solution in aqueous sodium hydroxide by passage of carbon dioxide, and the free 
substance may be sublimed under diminished pressure. 

Inclusion compounds containing inorganic molecules have also been prepared, ¢.g., 
crystallisation of Dianin’s compound from liquid sulphur dioxide or from liquid ammonia 
gives the respective adducts. Powell and Wetters '' prepared adducts with carbon dioxide 
and with argon by cooling solutions of Dianin’s compound in decalin under about 40 
atmospheres pressure of the appropriate gas. The argon clathrate had a ratio of 6: 1. 
The iodine-containing adduct, prepared from decalin solution, is of particular interest. 
The colour of the crystals varies from light brown to reddish-brown according to the 
amount of iodine included. The ratio (7:1) indicates that the iodine is present in the 
crystal as separate molecules and not as long chains such as are present in the deep-blue 
inclusion compounds formed by iodine with starch and with the cyclodextrins,” 

Dianin’s compound is very much more soluble in amines than in any other class of 
solvent. Approximate solubilities at 20° per 100 ml. of solvent are in triethylamine 
(17-5 g.), diethylamine (47-5 g.), pyridine (80 g.), 2: 6-dimethylpyridine (70 g.), and 
piperidine (80 g.). The increased solubility is probably caused by strong hydrogen bonding 
with the solvent and possibly by salt formation. The adduct formed with piperidine is 
different from all the others in that the molecular ratio is nearly 1:1; the crystals are 
very unstable and become opaque through loss of solvent when exposed to the air for a 
few days (see Experimental). This behaviour is similar to the salt-like 1: 1 piperidine 
adducts of quinol, pyrogallol, vanillin, etc., described by Rosenheim and Schidrowitz.™ 
Crystallographical examination by Mr. H. M. Powell, Oxford, of the crystals of the adduct 
of piperidine with Dianin’s compound show that it does not have the trigonal crystalline 
form of the normal series of inclusion compounds described in this paper. 


EXPERIMENTAL 
Preparation of Dianin's Compound (I1\).—The procedure described has been developed as 
a routine method for the preparation of Dianin’s compound in quantity. It is much simpler 
than the original and takes 4 days instead of 4 weeks. A mixture of phenol (400 g.) and mesityl 
© See Cramer, “ Einschlussverbindungen,”’ Springer-Verlag, Berlin, 1964. 


1! Powell and Wetters, Chem. and Ind., 1955, 256. 
'® Rosenheim and Schidrowitz, J., 1898, 73, 139. 
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oxide (100 g.) was saturated (8 hr.) with a stream of anhydrous hydrogen chloride, the flask 
being cooled in a vessel of (initially) cold water. The red, viscous mixture was kept (CaCl, tube) 
at about 38° for 4 days (or at room temperature for 14 days), giving a red-brown crystalline 
mass. Boiling water (1 1.) was added, and the mixture was well shaken and heated on the 
water-bath, The top aqueous layer was decanted and the lower layer similarly treated with a 
further 1 litre of hot water. After being decanted, the damp, oily product was now shaken 
with hot ethanol (260 ml,), cooled and shaken, and after 4-1 hr. the crystalline ethanol adduct 
was collected, drained, and twice stirred with cold ethanol (150 ml.) and drained (large sintered- 
giass funnel), The product (130—155 g.) was crystallised from ethanol (1200-1300 ml.), 
collected, washed well with cold ethanol and dried, giving hexagonal needles (115-—130 g.; 
40-46%, calc, on the mesityl oxide), m. p. 165—-166° (Found: C, 79-6; H, 7-8. Calc. for 
BC gH y9,C,HvOH: C, 791; H, 78%). Dianin gave m. p. 163-—164°. 

Preparation of Unsolvated Dianin's Compound.—(a) The ethanol complex (30 g.) was dissolved 
in hot 2n-sodium hydroxide (200 ml.), boiled for 15 min., and carbon dioxide passed through the 
hot solution for 30 min. The collected solid was boiled twice with water (200 ml.) and dried 
im vacuo over phosphoric anhydride, This unsolvated compound (26 g., 89%) formed fine 
needles, m. p. 156—-157° (Found: C, 80-8; H, 7-6. Calc. for CygHy»O,: C, 80-6; H, 7-5%). 
Dianin recorded m., p. 157-5’. 

(b) The ethanol complex was slowly sublimed at 140° /0-1 mm. giving the unsolvated material 
as large irregular prisms, m. p. 155—156°; at higher temperatures the product was a white 
powder (Found: C, 80-7; H, 75%; M, 266 (ebullioscopic in benzene, the Menzies—-Wright 
apparatus being used with the refinements described by Baker, Ollis, and Zealley™). Calc. for 
Cy gH yO,: M, 268). 

Dianin’s compound is soluble in hot aqueous sodium or potassium hydroxide; on cooling 
the alkali salts crystallise. In concentrated sulphuric acid it gives an orange-red colour. No 
coloration is obtained with aqueous or alcoholic ferric chloride. 

Oxidation of Dianin’s Compound, 2: 2 : 4-Trimethylchroman-4-carboxylic Acid (IV) and 
2: 2-Dimethylchromanone (11),--An excess of saturated solution of potassium permanganate 
in boiling acetone (in all ca. 1200 ml.) was added rapidly to a solution of the ethanol adduct of 
Dianin’s compound (3 g.) in boiling acetone (100 ml.) containing a few crystals of ferrous sulphate. 
The acetone was removed by distillation and the residue was shaken with water (100 ml.), 
sodium pyrosulphite (20 g.), and 2n-hydrochloric acid (20 ml.), and sulphur dioxide passed 
until all manganese dioxide had dissolved, The mixture was extracted with ether (3 x 50 ml), 
and the extracts were shaken three times with saturated aqueous sodium carbonate. Acidific- 
ation of the alkaline solutions gave a product which was boiled with light petroleum (b. p. 
60-80"; 4 x 30 ml); concentration of the extracts to 5 ml, and cooling to 0° gave a sticky 
solid (0-22 g.). Two recrystallisations from the same solvent (charcoal) gave 2 : 2: 4-trimethyl 
chroman-4-carboxylic acid (1V) as irregular prisms (0-16 g., 6%), m. p. 124—125° (Found : 
©,70-9; H, 7-2; equiv,, 216, Cys4,60, requires C, 70-9; H, 7-3; equiv., 220). 

On treatment with cold, concentrated sulphuric acid, the carboxylic acid dissolved slowly 
to an orange-red solution with evolution of carbon monoxide, At 40° the reaction was brisk. 
lhe gas was identified by reduction of 1% palladous chloride in dilute hydrochloric acid on 
filter paper, 

The non-acidic material obtained in the oxidation was treated with 2; 4-dinitrophenyl- 
hydrazine in ethanolic phosphoric acid, thereby yielding the 2; 4-dinitrophenylhydrazone of 
2: 2-dimethylchromanone ([1) as orange-red needles (0-078 g., 2%), m. p. 222---223° undepressed 
by admixture with an authentic specimen (Found: C, 57-0; H, 45; N, 16-5. Cale, for 
CigHypOgN,: C, 57-3; H, 45; N, 15-7%), 

Methyl Ether of Dianin's Compound,-Methylation of the ethanol adduct, suspended in 
acetone, with excess of methyl sulphate and potassium hydroxide gave the ether, b. p. 140 
141°/0-2 mm. (87%), which solidified after 4 weeks; recrystallisation from light petroleum 
(b. p. 40---60°) gave rectangular tablets, m. p. 50—51° (Found: C, 80-6; H, 8-0, Calc. for 
CigllyO,: C, 80-0; H, 78%). The ether is probably dimorphic; our first preparation had 
m, p, 34-—36°, and Dianin gave m. p. 36°. The tribromo-derivative, prepared by reaction at room 
temperature with excess of bromine in acetic acid for 18 hr., was twice crystallised from ethanol 
giving needles (1-51 g., 82%), m. p. 103-—104° (Found: C, 43-8; H, 3-9; Br, 47-0, C,,H,,O,Br, 
requires C, 43-9; H, 3-7; Br, 462%). 

Pyrolysis of Dianin's Compound. 2: 2: 4-Trimethylchromen (V),—The ethanol adduct of 
Dianin’s compound (40 g.) was heated at 300° under reflux for 2 hr., giving an oil which was 


* Baker, Ollis, and Zealley, /., 1951, 207. 
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distilled twice at atmospheric pressure, shaken with 10°, sodium hydroxide (100 ml.), and 
extracted into ether (3 x 50 ml.), giving finally the chromen (V), b. p. 114—116°/17 mm. 
(18-5 g., 73%), nP 15502 (Found: C, 83-1; H, 7-9. “ale. for C,,H,,O: C, 82-8; H, 8-0%). 
Dianin recorded d? 1-0084, n¥? 1-5450. Light absorption in ethanol: dq, 218-5, 262, 307-5; 
Amin. 241, 280-5 (logy, ¢ 4-38, 3-60, 3-52, 3-33, 3-04). 

Tribromo-dibromide of 2: 2: 4-Trimethylchromen.—The above chromen (0-5 g.) was treated 
dropwise (vigorous reaction) at room temperature with bromine (3 ml.), Next day the semi- 
solid product was dissolved in chloroform, the solution shaken with aqueous sodium hydrogen 
sulphite, and dried, and the residue crystallised twice from light petroleum (b. p, 60-—-80°) 
giving 3:3: 4: 6: 8-pentabromo-2 : 2: 4-trimethylchroman as rectangular prisms (1:18 g., 72%), 
m, p. 145—146° (Found: C, 25-5; H, 1-7; Br, 70-3. C,,H,,OBr, requires C, 25-3; H, 1-9; 
Br, 70-0%). A mixture with authentic material (see below) had the same m. p. 

Oxidation of 2: 2: 4-Trimethylchromen (V) prepared from Dianin's Compound.-(a) With 
potassium permanganate, Saturated aqueous potassium permanganate was dropped into a 
stirred suspension of the chromen (2 g.) in 1% aqueous potassium hydroxide (20 ml.) until 
the permanganate remained in excess. The solution was acidified and decolorised with sulphur 
dioxide, and then saturated with sodium chloride and extracted with ether, The resulting 
oil (1-63 g.) gave a 2: 4-dinitrophenylhydrazone (0-084 g.) as orange-red plates, m. p. 203-——204°, 
from methanol (Found: C, 56-0; H, 4-1; N, 15-0. C,,H,,O,N, requires C, 56-0; H, 47; 
N, 145%). The compound may be the mono-2 2: 4-dinitrophenylbydrazone of o-(2-formyl-1- 
methylethoxy)acetophenone, 

A similar oxidation with chromen from an earlier pyrolysis gave 2: 2-dimethylchromanone 
2: 4-dinitrophenylhydrazone (0-046 g.), m. p. and mixed m. p. with authentic material 
221° (Found: C, 57-1; H, 46; N, 15-8. Calc. for C,,H,,O,N,: C, 57-3; H, 45; N, 

(b) With chromic acid. Chromic oxide (3 g.) in water (10 ml.) was added gradually to the 
chromen (1 g.) in acetic acid (20 ml.). Next day the neutral material was isolated as an oil 
which gave a 2: 4-dinitrophenylhydrazone (1:13 g.); after two recrystallisations from methanol 
it had m. p. 194—195°, mixed m. p. with the above 2: 4-dinitrophenylhydrazone (m. p. 
203-204°) 197—-200° (Found : C, 56-1; H, 4-Q; N, 14-7, 15-3%). 

(c) With ozone, Ozonised oxygen was passed at — 20° through the chromen (1 g.) in dry 
carbon tetrachloride (20 ml.) for 1 hr. The solvent was removed under reduced pressure, and 
the oil, isolated in the usual way, gave o-hydroxyacetophenone 2: 4-dinitrophenylhydrazone 
(0-34 g.), which after twice crystallising from ethanol had m. p. and mixed m. p. with authentic 
material, 212—213°. 

Synthesis of 2: 2-Dimethylchromanone (I1).--6$-Dimethylacryloyl chloride (7:5 g.) was 
added dropwise to phenol (6 g.), the mixture heated on the steam-bath for 4 hr. and then cooled, 
water (100 ml.) added, and the oily product extracted into ether giving phenyl 66-dimethy!l- 
acrylate (8-8 g., 79%), b. p. 1279/11 mm. This ester (2 g.) was added slowly to powdered 
aluminium chloride (2-1 g.), and the mixture kept at 90° for 2 hr. When cool, 2n-hydrochloric 
acid (25 ml.) was added, and the ethereal solution of the product washed with 1% sodium 
hydroxide and with water, yielding 2 : 2-dimethylchromanone (I1) (0-9 g., 45%; m. p. 70--76°). 
Recrystallisation from light petroleum (b. p. 40—60°) gave prisms, m. p. 87-—-88° (Skraup and 
Beng* give m. p. 88°), The 2: 4-dinitrophenylhydrazone, after 3 recrystallisations from 
ethanol, had m. p, 220—221°, 

Synthesis of 2:2: 4-Trimethylchromen (V).—4-Methylcoumarin (10 g.) in ether (200 ml.) 
was added during 1 hr. to methylmagnesium iodide [from magnesium (12-2 g.) and methy! 
iodide (71 g.)] in ether (100 ml.), and the mixture boiled for 10 hr., and then poured into 20%, 
hydrochloric acid (200 ml.) containing crushed ice (200 g.). Extraction with ether gave a 
brown oil (10-8 g.) which partially solidified. The separated solid was crystallised from light 
petroleum (b. p. 60-—80°) giving 4-0-hydroxyphenyl-2-methylpent-3-en-2-ol (1-2 g., 10%) as needles, 
m. p. 97--98° (Found: C, 75-1; H, 84. C,,H,,O, requires C, 75-0; H, 83%). This product 
dissolved in sodium hydroxide solution, and rapidly decolorised a solution of bromine 
in carbon tetrachloride, 

The above-mentioned brown oil was distilled giving 2: 2: ger ie (V) (79 g., 
73%), b. p. 124—126°/28 mm., n¥? 1-5511 (Found: C, 82-5; H, Cale, for C,,H,,O0: 
C, 82-8; H, 80%). Light absorption in ethanol: 2,,,, 219, 262, 307: 3: Amin, 241, 280-5 (logy, 
c 4-4, 3-66, 3-59, 3-37, 3-07), It yielded the same tribromo-dibromide (79% yield), m, p. and 
mixed m. p. 145—-146° (Found: C, 25-6; H, 1-7; Br, 70-0%,), as that from the chromen 
derived from Dianin’s compound. 
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Cychsation of 4-0-Hydroxyphenyl-2-methylpent-3-en-2-ol.—-The carbinol (0-8 g.), acetic acid 
(10 ml.), and concentrated sulphuric acid (0-25 ml.) were boiled for 4 hr., the solution diluted 
with water, and the product collected in ether. Distillation then gave 2: 2: 4-trimethyl- 
chromen (0-48 g., 66%,), 114—-116°/17 mm., characterised as the tribromo-dibromide, m. p. 
145-146”, 

Addition of Phenol to 2: 2: 4-Tvimethylchromen. Formation of Dianin's Compound.— 
Dry hydrogen chloride was slowly bubbled (1 hr.) through a cooled mixture of phenol (1-65 g.) 
and 2:2: 4-trimethylehromen (1-5 g.). After 5 days the crystalline mass was worked up as 
previously described giving Dianin’s compound as the ethanol adduct (1-23 g., 53%), m. p. 
163-—-164°,. The benzoate, crystallised from ethanol, had m. p. 160—161°, not depressed by 
admixture with an authentic specimen. 

An experiment with the chromen obtained by pyrolysis of Dianin’s compound similarly 
regenerated Dianin’s compound (58%) (adduct with ethanol, m. p. 163—164°; benzoate, 
m, p. 160-161"), 

Addition of o-Cresol to 2:2: 4-Trimethylchromen. 4-(4-Hydroxy-3-methylphenyl)-2 : 2: 4- 
trimethylchroman.—A mixture of o-cresol (2-26 g.) and the chromen (2-5 g.) was saturated with 
hydrogen chloride (1 hr.), and after 12 days the partly crystalline mass was extracted with 
boiling water (6 x 20 ml.) and the residue steam distilled until the distillate was clear. The 
residue was collected in ether which then yielded a pale yellow solid. Two crystallisations 
from light petroleum (b. p. 60—-80°) gave 4-(4-hydroxy-3-methylphenyl)-2 : 2: 4-trimethyl- 
chroman as needles (2-4 g., 60%), m. p. 185-—-136° (Found: C, 80-9; H, 81. CygH,gsO, requires 
C, 80-8; H, 78%). The chroman gave no colour with alcoholic ferric chloride, but dissolved 
in warm 2n-sodium hydroxide, It gave a red solution in concentrated sulphuric acid. The 
acetate, crystallised twice from light petroleum (b. p. 60-—80°), formed irregular prisms, m. p. 
121--122° (Found: C, 780; H, 7-2. Cy,H,,O, requires C, 77-7; H, 7-4%). 

Preparation of Crystalline Adducts.—(a) With liquids. These were prepared by crystallisation 
of unsolvated Dianin’s compound from the various solvents. A modification of this method 
was used with methyl iodide in which Dianin’s compound is sparingly soluble. The unsolvated 
compound was placed in the thimble of a Soxhlet apparatus and extracted with methyl iodide ; 
the adduct separated as the solvent became saturated. 

(b) With solids. The iodine adducts were prepared by using decalin as solvent. Although 


decalin forms an adduct with Dianin’s compound, it shows less tendency to do this than any 


other solvent examined, the ratios varying from 9:1 to 17:1 (see Table), It is likely that 
the iodine adducts made in this way contain very little decalin, the holes being filled preferen- 
tially by the smaller molecules. The amount of iodine included depends upon its concentration 
in the decalin. In three different preparations the iodine content of the adducts was 3-6, 5-0, 
and 12-2%, 

(c) With ammonia and sulphur dioxide. Dianin's compound was dissolved in the liquefied 
gases; the solutions were decanted from undissolved solid and allowed to evaporate. The 
solubility in liquid sulphur dioxide was very low. 

(d) With piperidine. The adduct was made as in (a) and the well-drained crystals were 
kept in a desiccator without a drying agent until they just showed signs of becoming opaque 
(8 weeks) [Found: loss in weight with heat (see below), 21-9. CygH»O,,C,H,,N requires 
loss, 241%]. After exposure to air for 2, 5, 8, and 12 days, the subsequent loss in weight of 
samples with heat was 17-4, 12-9, 10-4 and 83% respectively, The melting point is not 
determinable owing to ready loss of solvent. 

Methods for the Analysis of the Adducts,-(a) Llementary analysis. The ratio of the com 
ponents can be determined by elementary analysis only when the adduct contains a relatively 
high proportion of nitrogen, sulphur, or halogen, because the values for carbon and hydrogen 
are not usually sufficiently different to distinguish between ratios of, e.g., 5:1, 6:1, and 7: 1. 

(b) Loss im weight with heat. ‘This reliable and rapid method was used, though less accurately, 
by Dianin. When the unsolvated compound was heated a clear mobile liquid was first obtained 
which tended to sublime on to the cold neck of the flask. The temperature must not be taken 
much above 200° because of decomposition of the Dianin’s compound, The complexes were 
dried at 100°/0-1 mm, for 4 hr., then weighed samples (ca. 0-5 g.) were heated in an oil-bath at 
190.-200° for 6 min. Melting began after about 4 min, with evolution of the solvent vapour, 
and after 3 min. a clear mobile liquid was obtained. The slight sublimate remained in the 
upper parts of the flask. 

With solvents whose b. p. exceeds 100°, reduced pressure was necessary. This resulted 
in increased sublimation and a longer necked (7-5 cm.) 10-ml. flask was used. A longer period 
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Crystalline adducts formed by Dianin's compound (111). 
Analysis: Found, % (reqd., %, in parentheses) 


= ’ 
Mole Other Lossin Acid by 
Component . rTatio* Cc H elements weight titration 


With organic compounds 
Methanol 5—156° 2:8 77-9(782) 7-8 (7-7) 
Ethanol . 
Propan-2-ol 
n-Butanol 


Acetone 
Carbon tetrachloride ... 
Methylene chloride ...... 
Methyl iodide 
Nitromethane 

Formic acid 

Acetic acid 

Propionic acid 
Chloroform 
Carbon disulphide 
n-Butyric acid 
n-Pentanol 

n-Heptanol 

Diethyl ether 

| : 3-Dibromopropane ... 
Ethylene dichloride 
Ethylene dibromide 
Petrachloroeth ylene 
n-Butyl bromide 
Diacetyl 

Valeric acid 

Hexanoic acid 
Diethylamine 

Ethyl! chloroacetate 
Benzene 
Toluene 
o-Xylene 
pi” iw 

-Xylene 

STOMODENZEDE £0.60 0000008 
Lodobenzene ........++0+++ 
o-Dichlorobenzene 
Diisobutylene 
tert.-Penty! alcohol 
Ethyl acetate 
isoPentyl valerate 
p-Bromoanisole 
m-Dichlorobenzene 
2-Bromopyridine ......... 
2; 6-Lutidine 
3-Methylheptane (tech.) 174-175 
1-Methylnaphthalene ...  157--1568 
Pyridine 159-—160 
Triethylamine ............ 158—159 
Decalin 


Cl, 14-2 (13-6) 

(9-5) 
I, 14-1 (13-5) 15-2 (15-0) 
N, 3 (1-6) 


3 


sows 


74-4 (74-2) 
70-1 (60-8) 
75-8 (76-3) 
17-3 (77 

17-2 (77-7 


-_ 
S - 


Sd (hed) 52 (54) 
72 (60) 7-5 (6-0) 
63 (6-5) 66 (6-5) 
0-6 (10-0) 


ts Ge ~2 


Se a | 


sx 


74-1 (73-6) 


I 
i 

1 

I 

j 

| 

I 

l 

} 

| 

I 

i 

l 

1 

j 

] 

1 

1 

1 73-6 (73-6) 
1 77-5 (77°2) 
1 73-3 (73-5) 
I] 74-3 (74-4) 
1 76-9 (77-1) 

1 f2 (61) 
‘1 Ol (6-0) 63 (6-0) 
id 66 (6-7) 71 (67) 

i 43 (43) 

1 74) (71) 

1 45 (46) 

I fel (Ded) 

1 65 (62) 

1 61 (62) 

1 oO (62) 

i 46 (4:5) - 

1 86 (7-0) 11-5 (11-2) 

1 3h (4-0) 87 (Red) 

1 5) (hb) 

| 46 (45) 

1 43 (4-5) 

1 (84) 

i 

| 

| 

1 

1 

1 

1 

I 

I 

1 


(7-3) 


(Sr4) 

{O-0) 

(6-2) 

d (3-5) 

19-9 (80-2) 73(7-9) N, b (4-0) 
‘7 (47) 

(2 9) 


3: 
4: 
4: 
4: 
8: 
6: 
6: 
6: 
6: 
6: 
6: 
6: 
6: 
6 
6: 
6: 
6: 
6: 
6: 
6: 
6: 
6: 
6: 
6: 
6: 
6: 
$: 
- 
73 
7: 
a4 
y ¥- 
 é 
7: 
8; 
8: 
8: 
9: 
9: 
< ¥ 


= 


ith inorganic compounds 
i 


Sulphur dioxide 152-153 . S, 30 (2-8) 
Ammonia 161-162 6:1 80-0(79-8) 7-4(7-6) N, O86 (0-86) 2 (1-05) 
lodine 154—155 7:1 71-1 (70-9) 66(66) I, 12-2 (12-5) 


* Mole ratio, Dianin’s compound : component 


of heating (up to 10 min.) was necessary with high-boiling solvents such as n-heptanol (b, p 
176°) and decalin (b. p. 190°). 

{c) By titration. Samples of the adducts with aliphatic acids were dissolved in ethanol 
and titrated with 0-02n-sodium hydroxide, a blank being performed on an equal volume of the 
The iodine-adduct in ethanol was titrated with 0-01n-sodium thiosulphate, 
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ethanol used. 
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395. Condensation Products of Phenols and Ketones. Part XI.* 
A Rational Synthesis of Dianin’s Compound. 
By Witson Baker, J. F. W. McOmig, and A. S. WEAvING. 


An unambiguous synthesis of Dianin’s compound, 4-p-hydroxyphenyl- 
2:2: 4-trimethylchroman, is described. 


In the preceding paper, Dianin’s compound obtained by condensation of phenol with 
mesityl oxele was shown to be 4-p-hydroxyphenyl-2 : 2: 4-trimethylchroman. This 
structure was in part confirmed by a not entirely unambiguous synthesis from 4-methyl- 
coumarin. The synthesis described below establishes conclusively the proposed structure. 


Da il ‘es 
Wey ~N 
MeO’, 2 —— UZ CHRR 
(I > C 
Me ~ YT) (I) 
\ 70M 
\ AH OMe 


( | 


30 
Lalo 
_, 


Me N 
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\ AOR C JPR (IV) 


YO. 


Ethyl «-cyano-$-p-methoxyphenylerotonate (I) was obtained in two forms (probably 
cis- and trans-isomers) by a modification of the method of Cope et al. Ina similar reaction, 
lderfield and King * obtained two isomers of ethyl a-cyano-$-o-methoxyphenylcinnamate. 
Conjugate addition of o-methoxyphenylmagnesium bromide to the ester gave a poor yield 
of ethyl «-cyano-f-o-methoxyphenyl-$-p-methoxyphenyl-n-butyrate (II; R =CO,Et, R’ = 
CN). The low yield is attributable partly to steric hindrance and partly to the deactivating 
influence of the para-methoxy-group on the double bond of the substituted crotonic ester. 
Attempts to hydrolyse, decarboxylate, demethylate, and cyclise the cyano-butyrate to give 
the dihydrocoumarin (III; R = H) in one operation by boiling with hydrobromic acid 
were unsuccessful. Instead, it proved necessary to hydrolyse the cyano-ester to the 
cyano-acid (11; R = CO,H, R’ = CN), then to decarboxylate the acid giving the cyanide 
(11; R = H, R’ = CN), and finally to demethylate and cyclise the product to 3: 4-di- 
hydro-4-p-hydroxyphenyl-4-methyleoumarin (III; R = H) by heating it with pyridine 
hydrochloride. That no rearrangement occurred during this reaction was shown by 
vigorous treatment of the dihydrocoumarin with dimethy! sulphate and sodium hydroxide, 
which gave §-0-methoxyphenyl-$-p-methoxyphenylbutyric acid (II; R=H, R’ : 
CO,H); this was also obtainable, albeit in low yield, by alkaline hydrolysis of the cyanide 
(Il; RH, R’ = CN). When methylation was carried out with methyl iodide and 
anhydrous potassium carbonate in acetone, the methyl ether (III; R = Me) was obtained. 
lreatment of the latter with an excess of methylmagnesium iodide gave 4-p-methoxy- 
phenyl-2 : 2: 4-trimethylchroman (IV; R = Me) which was identical with the methyl 
ether of Dianin's compound. The synthesis was completed by demethylating this methyl 
ether, giving Dianin’s compound itself. 

In connection with an alternative synthesis, attempts were made to add phenol to 
p-methoxy-$-methylcinnamic acid, a variety of condensing agents being used. With con- 
centrated sulphuric acid, fluorosulphonic acid, or with aluminium chloride in nitrobenzene 

* Part X, preceding paper 


' Cope, Hofmann, Wyckoff, and Hardenbergh, /. Amer. Chem. Soc., 1941, 68, 3452. 
* Elderfield and King, ibid., 1954, 76, 5439 
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(see Experimental), the sole isolable product was 4-methylcoumarin which might have been 
formed by loss of anisole from the desired intermediate, 3 : 4-dihydro-4-p-methoxyphenyl- 
4-methylcoumarin (III; R =H) (ef. the loss of phenol from Dianin’s compound by 
pyrolysis; preceding paper). The preparation of phenyl p-methoxy-6-methylcinnamate 
is described in the Experimental section, but we were unable to effect ring closure to the 
dihydrocoumarin (II1; R =H or Me) under the conditions used by Colonge and 
Chambard 8 for the ring closure of similar phenyl esters of «$-unsaturated acids. 


EXPERIMENTAL 

Ethyl a-Cyano-8-p-methoxy phenylerotonate (1).—-p-Methoxyacetophenone (37-5 g.), redistilled 
ethyl cyanoacetate (42-5 g.), ammonium acetate (7-7 g.), glacial acetic acid (12 g.), and dry 
benzene (100 ml.) were heated under reflux at 140--150°; the water formed was separated 
in a modified Dean-—Stark separator. After 24 hr., the mixture was cooled, washed with 10% 
aqueous sodium chloride (3 x 50 ml), and dried (MgSO,). Distillation then gave ethyl cyano- 
acetate (22 g.), b. p. 50-—70°/0-5 mm., p-methoxyacetophenone (10-9 g.), b. p. 90--120°/0-5 mm., 
and an oil (36-5 g.), b. p. 140—164°/0-5 mm., which was redistilled giving ethyl a-cyano-(-p- 
methoxy phenylcrotonate as a pale yellow, viscous oil (33-7 g., 55% ; allowing for recovered ketone 
the yield is 80%), b. p. 158—162°/0-5 mm. (Found: C, 68-9; H, 6-2; N, 5-6. C,,H,,O,N 
requires C, 68-8; H, 6-1; N, 57%). The ester partly crystallised after 2 months and the 
solid after recrystailisation from aqueous ethanol formed pale yellow needles, m. p. 66-—-67°, 
while the rest remained as an oil. 

Ethyl a-Cyano-}-o-methoxyphenyl-8-p-methoxyphenylbutyrate (IL; R = CO,Et, R’ = CN), 
The above ester (1) (20 g.) in dry ether (100 ml.) was added (30 min.) to a stirred solution of 
o-methoxyphenylmagnesium bromide, prepared from o-bromoanisole (18-7 g.) and magnesium 
(2-43 g.) in ether (100 ml,). After being stirred for a further 30 min., the viscous mixture was 
heated under reflux for another hour. The mixture was cooled and ice-cold 5% sulphuric acid 
(100 ml.) added, The product was collected in ether and distilled, giving anisole, b, p. 40—- 
70°/1 mm., unchanged ester (I) (8-75 g.), b. p. 160--180°/1 mm,, and a third fraction, b. p. 190— 
220°/1 mm., which after two recrystallisations from ethanol (charcoal) gave ethyl a-cyano-f-o- 
methoxy phenyl-B-p-methoxyphenylbutyrate as needles (4-2 g., 15%; allowing for recovered ester 
the yield was 26%), m. p, 99-—-100° (Found: C, 71-7; H, 6-4; N, 3-9, Cg,HgyO,N requires C, 
71-4; H, 6-5; N, 40%). 

a-Cyano-3-0-methoxyphenyl-B-p-methoxyphenylbutyric Acid (II; R = CO,H, R’ = CN) 
The above butyrate (5 g.) was boiled with 10% aqueous sodium hydroxide (60 mL) for 2hr. The 
solution was diluted with water (50 ml.), and unchanged ester extracted into ether (2 x 30 ml.); 
concentrated hydrochloric acid was then added and the solution cooled to 0°, The solid was 
collected and recrystallised twice from 50%, ethanol, giving the required a-cyano-$-o-methoxy- 
phenyl-8-p-methoxyphenylbutyric acid as needles (4-1 g., 88%), m. p. 186-—~-189° (placed into a 
bath at 180° and heated at the rate of 5°/min.) (Pound: C, 70-6; H, 5-5; N, 46; OMe, 19-4, 
CygHO,N requires C, 70-2; H, 5-8; N, 43; OMe, 19-1%). 

§-0-Methoxyphenyl-B-p-methoxyphenylbutyronitrile (IL; K = H, R’ «= CN).--The above acid 
(4-1 g.) was heated at 200° until evolution of carbon dioxide ceased, The residual oil was 
crystallised twice from ethanol (charcoal) yielding the nifri/e as rectangular prisms (3-5 g,, 80%), 
m. p. 98—-99° (Found: C, 76-7; H, 67; N, 49. ©,,H,,0,N requires C, 76-9; H, 68; N, 
50%). 

8-0-Methoxyphenyl-8-p-methoxyphenylbutyric Acid (11; K = H, R’ =» CO,H),—The nitrile 
(Il; R = H, R’ = CN) (0-25 g.), potassium hydroxide (7-5 g.), ethanol (10 ml.), and water 
(15 ml.) were boiled under reflux until ammonia evolution almost ceased (48 hr.), The mixture 
was poured into water (50 ml.), the ethanol removed by distillation, and the solid which then 
separated was collected in ether, Recrystallisation of the solid from benzene-light petroleum 
(b. p. 60—-80°) gave rectangular plates (0-15 g.), m. p. 173-174". This compound was 
not further investigated, but was presumed to be (-0-methoxyphenyl-$-p-methoxyphenyl- 
butyramide. After extraction with ether, the above alkaline solution was acidified with con 
centrated hydrochloric acid and cooled to 0°, and the solid collected in ether (3 x 20ml.). The 
sticky solid obtained was recrystallised from light petroleum (b. p. 60-—-80°) giving 6-o-methoxy 
phenyl-B-p-methoxyphenylbutyric acid as prisms (0-051 g., 19%), m. p. 122—122° (Found; C, 
71-8; H, 66; OMe, 19-9. C,,H,,O, requires C, 72-0; H, 67; OMe, 20-7%). 
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3: 4-Dihydro-4-p-hydroxyphenyl-4-methylcoumarin (I11; R = H),—-The nitrile (II; R = H, 
Kk’ == CN) (1 g.) and anhydrous pyridine hydrochloride (ca. 5 g.) were boiled under reflux in an 
oil-bath for 16 min. After water (50 ml.) had been added and the mixture cooled to 0°, the 
buff-colcured solid was collected, and crystallised twice from benzene (charcoal) giving the 
3: 4-dihydro-4-p-hydroxyphenyl-4-methylcoumarin as prisms (0-74 g., 82%), m. p, 169-—170° 
(Found: C, 76-9; H, 56. CygH,,O, requires C, 75-6; H, 55%). 

The dihydrocoumarin was soluble in cold 10% sodium hydroxide, but insoluble in cold 
saturated sodium carbonate solution. A solution in boiling aqueous sodium carbonate gave a 
deep blue colour with 2 ; 6-dichloroquinone chloroimide. 

Treatment with acetic anhydride and sodium acetate gave the acetate as cubes (79°%,), m. p. 
115-116", from aqueous ethanol (Found: C, 72-7; H, 6-1. C,,H,,O, requires C, 73-0; H, 
54%). Vigorous methylation of the dihydro-coumarin in 10% sodium hydroxide gave §-o- 
methoxyphenyl-@-p-methoxyphenylbutyric acid (72%), m, p. 122—-123° alone or mixed with 
the acid obtained as above by alkaline hydrolysis of the nitrile (Ii; R = H, R’ = CN). 

4: 4-Dihydro-4-p-methoxyphenyl-4-methylcoumarin (III; R = Me),-—-3: 4-Dihydro-4-p-hydr- 
oxyphenyl-4-methyleoumarin (3 g.), methyl iodide (10 mi.), and fused potassium carbonate 
(10 g.) in acetone (100 ml.) were boiled under reflux for 6 hr. After being cooled and filtered, 
the acetone solution yielded a pale yellow oil which was distilled giving the methyl ether (2-8 g., 
89%,), b. p. 183-—185°/0-2 mm. 

4-p-Methoxyphenyl-2 : 2: 4-trimethylchroman (IV; RK == Me),--The above methyl ether (5 g.) 
in ether (50 mL) was added slowly to methylmagnesium iodide, prepared from methy! iodide 
(27-5 ml.) and magnesium (5 g.) in ether (100 ml.), After being boiled for 8 hr. the solution was 
cooled and acidified with ice-cold 10% sulphuric acid (100 ml,), The oily product, collected in 
ether, was distilled giving a very viscous oil (3-9 g., 75%), b. p. 151--153°/0-5 mm., which slowly 
crystallised, Recrystallisation from light petroleum (b,. p, 40—60°) gave 4-p-methoxypheny]- 
2: 2: 4-trimethylchroman as prisms, m. p. 50° alone or mixed with the methy! ether of Dianin’s 
compound (Found ; C, 80-5; H, 7-8. Cale, for C,,H,,0,: C, 80-8; H, 7-8%). 

4-p-Hydvoxyphenyl-2 : 2: 4-trimethylchroman (Dianin's Compound) (IV; R = H).-4-p 
Methoxyphenyl-2 ; 2: 4-trimethylchroman (1 g.) and anhydrous pyridine hydrochloride (5 g,) 
were boiled under reflux in an oil-bath for 15 min, The resulting solution was poured into water 
(100 ml.), and the solid collected at 0° and recrystailised from ethanol (charcoal) giving the ethanol 
adduct of 4-p-hydroxyphenyl-2 : 2; 4-trimethylchroman (0-71 g., 74%), m. p. 162—163°, as 
hexagonal needles, which were identical with the ethanol adduct of Dianin’s compound. The 
benzoate, leaflets from ethanol, m. p. 160°, did not depress the m. p, of the benzoate prepared 
from Dianin’s compound, 

Reaction of Phenol with p-Methoxy-}-methyleinnamic Acid, Formation of 4-Methylcoumarin. 

Aluminium chloride (2 g.) in nitrobenzene (10 ml.) was added to phenol (0-6 g.) and p-methoxy- 
#-methyleinnamic acid (1 g.) in nitrobenzene (10 ml.), and the mixture was heated on a steam 
bath for 2 hr. Next day the solution was poured into dilute hydrochloric acid (50 ml.) and 
steam-distilled, The residue was extracted with ether (3 « 30 ml.) which, after being washed 
with n-sodium hydroxide and dried, yielded a red oil (0-26 g.) which rapidly solidified. Three 
recrystallisations from light petroleum (b. p. 60-——80°) (charcoal) gave 4-methylcoumarin 
(0-19 g.), m, p, 81—82° alone or mixed with authentic material (Found : C, 75-3; H, 5-1, Calc. 
for C,,H,0,: C, 75-0; H, 5-0%). 

Phenyl p-Methoxy-6-methylcinnamate,-p-Methoxy -#-methylcinnamic acid (5 g.) and purified 
thionyl chloride (5 ml.) in chloroform (60 ml.) were boiled under reflux for 3hr. After removal 
of solvent and excess of thionyl chloride, the residue was taken up in benzene (50 ml.) and phenol 
(2-5 g.) and magnesium turnings (0-3 g.) were added. After boiling for 2 hr., the product was 
isolated and crystallised twice from light petroleum (b. p. 60-—80°) (charcoal) giving phenyl 
p-methoxy-B-methylcinnamate (5-1 g.) a8 rectangular prisms, m. p. 72—73° (Found: C, 75-8; 
H, 61, Cy,HysO, requires C, 76:1; H, 60%). The ester gave a positive hydroxylamine test 
and decolorised a solution of potassium permanganate in acetone, 
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396. The Tropyliwm Ion. Part I. Synthesis of Tropylium and 
Methyliropylium Salts. 


By M. J. S. Dewar and R. Pertir. 


By the Curtius reaction norcaradienecarboxylic acid (IV; R «= CO,H) 
gives the isomers, tropylium and norcaradienyl isocyanate. Both products 
yield tropylium (cycloheptatrienyl) bromide and cyanuric acid when treated 
with hydrogen bromide, None of the three cyc/oheptatrienecarboxylic acids 
yields tropylium salts when similarly treated, so the previous assignments of 
structures to these acids are probably in error. Methyltropylium bromide 
has been made by a similar Curtius reaction. The introduction of a methyl 
group into the tropylium ring produces a hypsochromic shift in the ultra- 
violet absorption. 


In his classical work on molecular-orbital theory Hiickel ! in 1938 showed that the cyclo- 
heptatrienyl cation (I) should, in common with benzene and the cyclopentadienyl anion, 
possess considerable resonance stabilisation energy. Some time later Doering and Detert i 
recognised the existence of such a structure in organic chemistry when they found that 
tropone (cycloheptatrienone) (IIa) showed no ketonic activity and formed stable salts with 
acids. To accommodate these facts they assigned the avelobeptatriony tiem oxide formula 
(IIb) to tropone. Tropolone also is best regarded as a 2-hydroxy-derivative of this, and 
the name tropylium has been used for the ion (I). 


> CO © Os. Ox 


(tla) (116) (tit) (IV) 


It therefore seemed to be of theoretical and practical interest to attempt the synthesis 
of simple tropylium salts. Our initial attempts were governed by the idea that if tropylium 
considerable resonance energy, then cyclohepta-2 : 4 : 6-triene-l-carboxylic acid 
(III) should be readily decarboxylated or decarbonylated to give salts of the required ion. 
However, liberation of carbon dioxide did not occur when the silver salt of ‘‘ «-eyclohepta- 
trienecarboxylic acid” [considered to be (III); see below] was treated with iodine 
perchlorate, or with iodine or bromine as in the normal Hunsdiecker reaction, or when the 
acid chloride was treated with silver perchlorate. In each case the main product was a tar. 
Oxidation of the acid with lead tetra-acetate appeared to destroy most of it; similar 
experiments * with triphenylacetic acid, which also forms a comparatively stable cation, 
gave good yields of triphenylmethyl acetate. Finally, anodic oxidation of the acid (III) 
gave small amounts of polymer and mainly unchanged starting material (cf. Linstead and 
Weedon *). All of these experiments were tried in various solvent media under various 
conditions but with only unpromising results. 

However, synthesis of tropylium salts was attained (Dewar and Pettit 5) during an 
attempt to make norcaradieneol (IV; R = OH): it was hoped that this alcohol might 
rearrange in the presence of strong acids to form tropylium salts. As reported, ethyl 
norcaradienecarboxylate (IV; R == CO,Et) was hydrolysed by mild alkali to the corre- 
sponding acid. The acid was then converted, via the chloride, into the azide which was 
heated in benzene. During the last operation approx. 40% of white crystals separated 
and, as isocyanates of low molecular weight are normally mobile liquids and freely soluble 
in benzene, it was suspected that this material was the isomeric tropylium isocyanate. The 

1 E. Hiickel, “ u 1g 
Chemie, Berlin, Pil Grundziige der Theorie ungesdttigter und aromatischer Verbindungen,” Verlag 

and Detert, J. Amer. Chem. Soe. 1961, 78, 876. 

® Mosher and Kehr, ibid., 1953, 76, 3 

* Linstead and Weedon, f3 1952, 3626" 

. — Pettit, Chem, ‘and Ind., 1966, 199. 
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ionic nature of the material was also indicated by its high melting point, reaction with silver 
nitrate, and insolubility in non-polar solvents. The structure was confirmed by conversion 
of the material, with hydrogen bromide, into cyanuric acid and tropylium bromide, the 
latter identical with that reported by Doering and Knox © just before our own synthesis. 

The norcaradienecarboxylic acid used was obtained by mild alkaline hydrolysis of the 
ester and could conceivably have contained some amount of cyclohepta-2 : 4: 6-triene-1- 
carboxylic acid (II); the latter acid is obtained in good yield from the caradiene acid or 
ester (IV; R == CO,Et or CO,H) in more vigorous alkaline conditions. We could not then 
assert definitely that norcaradienecarboxylic acid was the precursor of the tropylium 
isocyanate, We have now found that direct acid hydrolysis of the ester (IV; R = CO,Et) 
gives good yields of pure norcaradienecarboxylic acid (cf. Buchner’). When the Curtius 
rearrangement is performed on the pure acid two isocyanates are obtained. One is the 
crystalline material identical with tropylium isocyanate. The second, obtained by removal 
of the solvent followed by distillation in a vacuum, is a mobile, evil-smelling liquid which, 
when kept at 0°, or more quickly when heated, rearranges to tropylium tsocyanate. 
Solutions of the liquid isocyanate when treated with hydrogen bromide gave practically 
quantitative yields of cyanuric acid and tropylium bromide, Apparently the mobile com- 
pound is the covalent norcaradienyl isocyanate (IV; R = *NCO). 

In several experiments the total yicld of isocyanates was about 60% based on 
norcaradienecarboxylic acid used, but the individual yields of the solid isomer varied from 
0%, to 50%. This is possibly due to traces of acid chloride carried over in the reaction 
which might catalyse the conversion of the covalent compound into its ionic isomer. It is 
significant in this respect that the conversion of norcaradienyl isocyanate into tropylium 
isocyanate is very much faster in polar than in non-polar solvents. 

Tropylium or norcaradienyl isocyanate.can be converted into the other halide salts by 
treatment in nitromethane with the corresponding hydrogen halide. The chloride thus 
obtained is identical with that previously reported. The iodide forms red needles from 
absolute alcohol, and, unlike the other halide salts, is not deliquescent and is quite stable 
in) alr, 

In order to establish definitely that the synthesis of tropylium isocyanate proceeded 
via the norcaradiene acid it was necessary to repeat the procedure starting from cyclo- 
hepta-2 : 4: 6-triene-l-carboxylic acid (II1). This had previously been done by Johnson 
and Tisler ® who had obtained a urethane from a-cycloheptatrienecarboxylic acid but could 
not convert it into tropylium salts. Of the four possible isomeric cycloheptatrienecarboxylic 
acids only that of structure (ITI) could be expected to yield tropylium salts. We have 
repeated the Curtius reaction on the acid (III) and obtained a mobile isocyanate which did 
not yield tropylium bromide when treated with hydrogen bromide or react with aqueous 
silver nitrate. Further, hydrolysis of the isocyanate obtained gave cycloheptadienone 
which, on catalytic reduction, absorbed two mols. of hydrogen to give suberone. The same 
isocyanate was obtained when the acid (II1) was subjected to the Lozsen rearrangement. 
In view of its inability to form tropylium salts the isocyanate cannot have the structure (V) ; 
therefore, if the structure of acid (III) is correct, a rearrangement of double bonds must 
have occurred during the Curtius reaction : this is, however, unlikely, especially in view of 
the known stability of tropylium isocyanate. It seemed to us much more probable that 
the structure ascribed to the a-acid was wrong. 

Buchner ® first assigned structures to the four possible cycloheptatrienecarboxylic 
acids but these assignments were recently revised by Grundmann and Ottmann 
on spectroscopic and chemical evidence. Following the direction of the latter workers 
we have made the other two cycloheptatrienecarboxylic acids which can be obtained 
from norcaradienecarboxylic acid, viz., the 6- and the y-isomer, to which Grundmann 
and Ottmann assigned structures (VI) and (VII) respectively. The azide of each of 


* Doering and Knox, J. Amer. Chem. Soc., 1954, 76, 3203. 
’ Huchner, Ber., 1901, 94, 989 

* Johnson and Tisler, personal communication, 

* Buchner, Her., 1808, 31, 2241. 

Grundmann and Ottmann, Annalen, 1053, 682, 163. 
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these, when heated in benzene, gave a covalent isocyanate which could not be con- 
verted into tropylium salts. Further, the isocyanate derived from each of the a, p-, 
and y-acids gave the same phenylurea on treatment with aniline, and the same ketone on 
acid hydrolysis. We have not prepared the fourth cycloheptatrienecarboxylic acid, but 
there is little doubt from previous work ™ that it has not the structure (III). From these 
results we must conclude that the previous assignment of structures to these acids is 
incorrect. Doering and his co-workers ™ have also come to this conclusion and are 
studying the structures of the acids. It seems clear that our failure to obtain tropylium 
derivatives by attempted decarboxylation or decarbonylation of «-cycloheptatriene- 
carboxylic acid was due to its not having the structure assigned by Grundmann and 
Ottmann. 

We have also synthesised a methyltropylium salt (VIII) in a similar manner. Following 
the classical work of Buchner ™ we obtained methy! norcaradienecarboxylate from toluene 
and ethyl diazoacetate. Acid hydrolysis then gave the acid which was converted via the 
chloride into the azide. When the azide was heated in benzene no solid separated but 


Ox O- O- @ 


(VI) (Vib) (VitN) 


distillation afforded methylnorearadiene isocyanate which, when treated with hydrogen 
bromide, gave methyltropylium bromide. Like the parent compound this material was 
very soluble in water, and its solution immediately gave a precipitate of silver bromide 
when treated with silver nitrate. Methyltropylium bromide showed a hypsochromic 
shift of about 200 A in the long-wavelength region of the ultraviolet absorption spectrum, 
when compared with the unsubstituted salt. Such large hypsochromic shifts, produced 
by the introduction of a methyl substituent, are observed only in other non-alternant 


hydrocarbons, ¢.g., in 2-, 4-, and 6-methylazulene. They are unknown in the alternant 
hydrocarbon series except in a few cases where steric effects operate. We are investigating 
the effects of other substituents on the light absorption of the tropylium ion, 


EXPERIMENTAI! 


Ethyl Norcaradienecarboxylate.—In the absence of a large autoclave (ef. Grundmann and 
Ottmann ™) the following method was developed. Ethyl diazoacetate (230 g.), in benzene 
(4 1.), was refluxed and irradiated continuously with a 1 kw ultraviolet lamp until evolution of 
nitrogen ceased (6—7 days; ca. 36 1. of nitrogen collected). Evaporation of the benzene, 
followed by distillation in vacuo, afforded the crude ester (90 g.), b. p. 82--95°/25 mm. Large 
amounts of high-boiling by-products remained. Redistillation gave small amounts of unchanged 
diazoacetic ester and pure ethyl norcaradienecarboxylate (82 g., 25%), b. p, 86-—-88°/2'5 mm, 
(Found: C, 72-0; H, 7-1. Cale. for C,gH,,O,: ©, 73:2; H, 75%). The ester with con- 
centrated sulphuric acid gave an intense blue solution with a red duosescence. 

Norcaradienecarboxylic Acid.—(a) A mixture of ethyl norcaradienecarboxylate (50 g.), water 
(250 ml.), acetone (250 ml.), and concentrated sulphuric acid (40 ml.) was refluxed with vigorous 
stirring for 24 hr. The mixture was cooled and made alkaline with sodium hydroxide. After 
extraction with ether (3 x 100 ml.) the solution was acidified and extracted with ether 
(4 x 150 ml.). The combined extracts were dried (Na,SO,). Kemoval of the solvent followed 
by vacuum-distillation gave norcaradienecarboxylic acid (33 g., 80%), b. p. 95--98°/0-4 mm., 
which solidified, Crystallisation from light petroleum gave white needles, m, p, 20° (Found : ¢ 
70-8; H, 60. Cale, for C,H,O,: C, 706; H, 59%). This material also gave an intensely 
blue solution in sulphuric acid, 

+t Ref. 10 and references therein, 
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2024 Dewar and Pettit : 


(b) Ethyl norcaradienecarboxylate (20 g.) was dissolved in absolute alcohol (240 ml.) 
containing sodium (3-2 g.) and water (6 ml.), and the mixture kept in the refrigerator for 2 days. 
The solvent was distilled off below 20° and the residue dissolved in water (100 ml.) and extracted 
with ether. The norcaradienecarboxylic acid was liberated from the alkaline solution with 
hydrochloric acid, extracted with ether, and collected by distillation (yield, 9-0 g., 55%). 

Curtius Reaction,—-Norcaradienecarboxylic acid (40 g.) was refluxed in ether (200 ml.) with 
thiony! chloride (38 g.) and six drops of pyridine for 24 hr. Removal of the solvent and excess 
of thionyl! chloride followed by vacuum-distillation gave the acid chloride (49 g.) as a pale yellow 
oil, b. p. 46—47° /0-6 mm, (90%). With ammonia the acid chloride gave norcaradienecarboxy- 
amide, white plates (from alcohol), m. p. 141° (Found: C, 70-7; H, 64; N, 10-1. Cale. for 
C,H,ON: C, 71-1; H, 6-7; N, 10-4%). 

To a solution of the acid chloride (30 g.) in acetone (250 ml.) was slowly added, with vigorous 
stirring at <0°, a solution of sodium azide (15 g.) in water (60 ml.). The mixture was shaken 
vigorously for 10 min. in a separatory funnel. Benzene (200 ml.) and water (200 ml.) were 
added, The benzene solution of the acid azide was separated, washed with water, dried 
(Na,SO,), and evaporated at <20°, Dry benzene (300 ml.) was added to the residue and the 
solution gently refluxed on a steam-bath. After 15 min. white crystals began to separate and 
the evolution of nitrogen ceased after 45 min. After cooling, tropylium isocyanate was collected 
and washed with dry benzene, forming needles (4-8 g.), m. p. 198° (Found: C, 72-5; H, 5-2; N, 
10:1, CyH,ON requires C, 72-2; H, 6-3; N, 10-56%). Novrcaradienyl isocyanate (18-7 g.), b. p. 
33°/0-25 mm. was obtained by distillation of the filtrate after the removal of the solvent (Found : 
C, 7-32; H, 6-2; N, 101%); on exposure to the air this material rapidly became yellow. 

Tropylium Salts,—Norcaradieny] isocyanate (5 g.) was dissolved in dry nitromethane (80 ml.) 
and the solution, while contained in a cold-water bath, was saturated with dry hydrogen bromide. 
The white precipitate of cyanuric acid was filtered off (1-6 g., 95%) and dry ether (800 c.c.) added 
to the filtrate. In order to free it from adhering hydrogen bromide the yellow precipitate was 
collected, quickly taken up in absolute alcohol (30 ml.), and reprecipitated with dry ether. The 
microcrystalline tropylium bromide (5-8 g., 90%) was collected and stored in a dry atmosphere. 
Crystallisation from warm absolute alcohol gave yellow needles, m. p. 203°, having the properties 
reported by Doering and Knox* (Found: Br, 47-0. Cale. for C,H,Br:; Br, 46-7%). 
Tropylium tsocyanate was converted in an identical manner into tropylium bromide. 

Using hydrogen chloride and iodide respectively gave similarly tropylium chloride, white 
needles (from absolute alcohol), m. p. 189° (decomp.) (Found: Cl, 27-9. C,H,Cl requires Cl, 
28:1%), and todide, red needles (from absolute alcohol), m. p. 117° (Found: I, 68-2 C,H,I 
requires I, 58-3%). 

a-cycloHeptatrienecarboxylic Acid.—Ethyl norcaradienecarboxylate (20 g.) was refluxed 
vigorously for 14 hr, with 10% sodium hydroxide solution (200 ml.), then cooled to 0°, treated 
with charcoal, and acidified. The crystalline acid (13 g.), m. p. 65—68°, was collected; from 
light petroleum it gave white plates, m. p. 70-—-71° (Found : C, 70-4; H, 5-7. Cale. forC,H,0,: 
C, 10-6; H, 6-9%). 

The acid was converted into the chloride (95% yield), b. p. 60--61°/0-6 mm, The anilide 
formed white plates (from alcohol), m. p. 116—117° (Found: C, 79-8; H, 62; N, 7-0. 
CyHyON requires C, 79-6; H, 6-2; N, 66%). 

«-cycloHeptatrienecarboxyl chloride (6-0 g.) was converted into the azide as described for 
norcaradienecarboxyl chloride, The azide was refluxed in dry benzene (80 ml.) for I hr.; the 
solvent was removed and the residue distilled. «-cycloHeptatrienyl isocyanate (4-5 g., 84%) was 
obtained as a colourless oil, b. p. 30—32°/0-3 mm. (Found ; C, 72-5; H, 5-2; N, 10-1. C,H,;ON 
requires C, 72-2; H, 63; N, 10-56%). With aniline it formed a phenylurea, white needles (from 
nitromethane), m. p. 196° (Found; C, 74-0; H, 6-0; N, 12-2. C,,H,ON, requires C, 743; H, 
6-2; N, 124%). 

This isocyanate (4-6 g.) in benzene (50 ml.) was refluxed with vigorous stirring with 5% 
hydrochloric acid (100 ml.) for 2 hr. The benzene layer was separated, washed with water, and 
dried. Removal of the solvent followed by distillation afforded cycloheptadienone (2-9 g., 80%), 
b. p. 28°/0'7 mm. (Found: C, 77-6; H, 7-6. Cale. for C;,H,O: C, 77-8; H, 7-4%), whose 
2: 4-dinitrophenylhydrazone formed red plates, m. p. 149-—150°, from alcohol (Found : N, 19-2, 
CygH pO N, requires N, 194%). When catalytically reduced in alcohol with palladised charcoal, 
cycloheptadienone absorbed 2 mols. of hydrogen to give suberone (2 : 4-dinitrophenylhydrazone, 
m, p, and mixed m, p. 148°), 

Lossen Rearrangement,-a-cycloHeptatrienecarboxy] chloride (13:3 g.) in dry benzene (60 c.c.) 
was added slowly to a stirred solution of hydroxylamine (69 g.) in dry benzene (60 c.c.). After 
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1} hr. the solution was cooled to 0° and the white precipitate collected and extracted with hot 
ethyl acetate (2 x 300 ml.). Evaporation of the extracts gave «-cycloheptatrienecarboxy- 
hydroxamic acid (8-0 g., 62%), white plates (from ethyl acetate), m. p. 123-—-124°, giving a 
violet-red colour with ferric chloride (Found: C, 63-3; H, 6-2; N, 96. C,H,O,N requires C, 
63-6; H, 60; N, 92%). 

The hydroxamic acid (7-0 g.) was treated, in a mixture of acetic acid (50 ml.) and saturated 
sodium acetate solution (50 ml.), with benzoyl chloride, slowly with vigorous stirring. After 
1 hr. the N-benzoyl derivative was collected (8-5 g.); it formed white needles, m, p, 132—134°, 
from benzene (Found: C, 71-0; H, 5-3; N, 5-2. C©,,H,,O,N requires C, 70-6; H, 5-1; N, 
55%). 

A solution of the benzoate (8-0 g.) in warm acetone (100 ml.) was added slowly with stirring 
to a solution of potassium (1-25 g.) in absolute methanol (15 ml.), Anhydrous ether (80 ml.) was 
then added and the microcrystalline potassium salt of the benzoyl Jerivative collected and dried 
(8-5 g.). This material was refluxed in dry benzene (150 m),) for 1 hr, After collection of the 
potassium benzoate the benzene was removed and the residue distilled. a-cycloHeptatrienyl 
isocyanate (3-6 g., 90%) was obtained which was identical with the same material described 
above. 

6-cycloHeptatrienecarboxylic Acid.—The -acid (8-0 g.), prepared as described by Grundmann 
and Ottmann, was converted in the usual manner into the acid chloride, a pale yellow oil (8-0 g., 
90%), b. p. 54°/0-5mm, This (7-0 g.) was converted into the isocyanate (4-7 g.), a colourless oil, 
b. p. 34°/0-5 mm, The phenylurea formed white needles (from nitromethane), m. p. 196° alone 
or mixed with this derivative obtained from a-cycloheptatrienyl isocyanate. Hydrolysis of the 
isocyanate with acid also gave the same ketone as was derived from the a-isomer. 

y-cycloHeptatrienecarboxylic Acid.-Prepared as described by Grundmann and Ottman the 
y-acid (5-5 g.) was converted into the chloride (5-5 g.), b. p. 50--51°/0-4 mm., and thence into the 
isocyanate (3-7 g.), b. p. 36°/0-5 mm., in the usual manner, The isocyanate gave the preceding 
phenylurea and ketone. 

Methyltropylium Bromide.—Methyl norcaradienecarboxylate (34 g.) (prepared from toluene 
and diazoacetic acid ™) was hydrolysed with sulphuric acid as given above for ethyl norcaradiene- 
carboxylate. The crude acid was a pale yellow oil, b. p. 93-—-97°/0-15 mm. (15 g., 52%,) (Found : 
C, 71-4; H, 67, Cale. for C,H,,0O,: C, 72-0; H, 67%). The acid (14-5 g.) was refluxed for 
1} hr. with dry ether (120 ml.), thionyl chloride (9-0 ml.), and pyridine (6 drops). Distillation 
afforded methyl norcaradienecarbony]l chloride (13-5 g.), b. p. 53-—-55°/0-15 mm. With ammonia 
this compound gave the amide, white plates (from light petroleum), m. p. 128° (Found ; C, 72-5; 
H, 71; N, 91. Cale. forC,H,,ON : C, 72-5; H, 7-4; N, 94%). 

Methyl norcaradienecarboxyl chloride (7-5 g.) was converted into the azide in the usual 
manner an/| this was refluxed in dry benzene for 45 min. Removal of the solvent followed by 
distillation gave methylnorcaradienyl isocyanate (2-3 g.), b. p. 53-—-56°/0-2 mm. (Found : C, 73-0; 
H, 60; N, 93. C,H,ON requires C, 73-5; H, 6:1; N, 95%). The residue (2-0 g.) consisted 
of polymer. 

A solution of this isocyanate (2-0 g.) in dry nitromethane (40 ml.) was saturated with 
hydrogen bromide. The mixture was filtered and dry ether (800 c.c.) was added. The white 
precipitate (0-7 g.) was filtered off. Recrystallisation irom nitromethane gave methyltropylium 
bromide monohydrate as white needles, melting over a large range above 140° (Found; C, 47-3; 
H, 5-7. Br, 39-6. C,H,Br,H,O requires C, 47-3; H, 5-4; Br, 39-4%). Ultraviolet absorption 
max, at 2570 A (log e 3-4), The compound was readily soluble in water and gave an immediate 
precipitate when treated with silver nitrate solution. 


One of us (R. P.) is indebted to the University of London for the award of an 1.C.1, Research 
Fellowship. We thank the Central Research Fund for a research grant and Professor Doering 
for helpful discussion. 
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397. The Tropylium Ion. Part II.* A Further Synthesis and 
Some Reactions of Tropyliwm Salts. 


By M. J. S. Dewar and R. Pettit. 


Diazoacetonitrile adds readily to benzene, to give cyanonorcaradiene (I ; 
X = CN). This product does not exhibit properties associated with 
tropylium compounds but on treatment with boron trifluoride or aluminium 
chloride forms tropylium salts. Evidence is given for the ready inter- 
conversion of compounds having a norcaradiene or tropylium structure. 
Tropylium bromide forms an addition product with bromine which readily 
rearranges in water to give benzaldehyde, A possible mechanism is given 
for this reaction, 


In the preceding paper we described how norcaradiene isocyanate (I; X = *NCO), a mobile 
liquid, was converted by heat in polar solvents into the isomeric ionic compound, tropylium 
isocyanate (Il; X «+*NCO). Further, when norcaradienyl isocyanate was treated with 
anhydrous hydrogen bromide, practically quantitative yields of tropylium bromide and 
cyanuric acid were obtained. These results suggested that any substituted norcaradiene 
derivative of type (I) where X is a sufficiently electronegative group could be converted 
into the isomeric tropylium salt or could give rise to tropylium bromide on treatment with 
hydrogen bromide, 

We have explored this route to tropylium compounds. Very few substituted norcara- 
diene derivatives of the type (I) are known. As a result of Buchner’s ! classical work with 


(I) (II) 


diazoacetic ester and aromatic hydrocarbons the most efficacious way of making compounds 
of type (I) appears to be by reaction of benzene with an appropriately substituted diazo- 
methane. The present paper deals with the synthesis of cyanonorcaradiene (I; X = CN) 
from benzene and diazoacetonitrile, and its conversion into tropylium salts, 

Harper and Sleep * had treated diazoacetonitrile with a molecule containing an olefinic 
bond and obtained the expected cyclopropane derivative. No record appears of a reaction 
between diazoacetonitrile and an aromatic compound. We have now found that this 
diazo-compound reacts smoothly with benzene to give cyanonorcaradiene. The reaction 
proceeds much more readily and gives a considerably higher yield of product than does the 
corresponding reaction with diazoacetic ester. 

Cyanonorcaradiene was a stable mobile liquid, soluble in non-polar solvents, and did 
not react with silver nitrate. Like norcaradienecarboxylic acid and its derivatives the 
material gave an intensely blue solution in concentrated sulphuric acid, This material 
obviously possessed the covalent structure (I; X = CN) and not (II; X = CN). 
Cyanonorcaradiene was unaffected by heat in polar solvents. Further, treatment of the 
material with hydrogen bromide did not give the expected tropylium bromide, as did 
norcaradiene isocyanate (1; X «*NCO). Instead, a white solid was formed which 
readily decomposed in water and regenerated the starting material and presumably was 
merely a salt of the nitrile and hydrogen bromide. Nevertheless an indication of the 
potentially ionic character of the nitrile group was obtained from formation of sodium 
cyanide when cyanonorcaradiene was heated with concentrated sodium hydroxide solutions. 

When cyanonorcaradiene and boron trifluoride-ether complex containing some free 


* Part I, preceding paper 
' Buchner, Ber., 1003, 36, 3515, and references therein, 
* Harper and Sleep, J. Set. Food Agric., 1956, 6, 116, 


[1956] The Tropylium Ion. Part Il. 2027 


fluoroboric acid were heated for a short time, hydrogen cyanide was liberated. Addition 
of ether precipitated tropylium fluoroborate, a white, water-soluble solid, identical with 
the material prepared from the double decomposition of tropylium bromide and sodium 
fluoroborate. Another white crystalline tropylium salt, presumably one containing the 
anion [AICI,CN}~, was obtained when cyanonorcaradiene and aluminium chloride were 
heated in nitrobenzene. This salt was soluble in water and with aqueous picric acid gave 
tropylium picrate. After a nitrobenzene solution of cyanonorcaradiene and aluminium 
chloride had been heated and treated with methyl iodide, addition of ether precipitated 
tropylium iodide. 

Doering and his collaborators* found that treatment of tropylium bromide in water 
with sodium cyanide gave a covalent compound, presumably cyanonorcaradiene, and not, 
as might be expected, tropylium cyanide. We have repeated this and find that the material 
is identical with cyanonorcaradiene obtained from the reaction of diazoacetonitrile and 
benzene. It is apparent that there is very easy interconversion of structures (I) and (I]), 
the structure preferred for a particular compound being determined by the nucleophilic 
properties of the anion X~. Because of the strong nucleophilic properties of the cyanide 
ion our initial choice of diazoacetonitrile was perhaps unfortunate. Nevertheless the 
synthesis of tropylium salts from cyanonorcaradiene is still a superior method to that using 
diazoacetic ester ;* this should prove to be especially true for the synthesis of substituted 
tropylium derivatives. 

An interesting example of the equilibrium between structures (I) and (II) is shown 
when tropylium fluoroborate is treated with sodium cyanate. When an equimolecular 
amount of cyanate is slowly added to a solution of tropylium fluoroborate, tropylium 
isocyanate (Il; X = *NCO) is gradually precipitated. However, when a large excess of 
cyanate is rapidly added to the tropylium solution, the covalent liquid isomer, norcaradiene 
isocyanate (1; X == *NCO) separates. The two products are identical with those obtained 
by heating norcaradienecarboxyl azide. In the first case the more thermodynamically 
stable ionic isomer is formed by normal double decomposition, whereas in the second the 
presence of excess of cyanate ions produces a mass-action effect on the equilibrium and the 
covalent compound is produced. 


Br Br 
H H H 
—_ -_—> 
bo Br Br Br 
Br + \ oy 
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The tropylium ring system can undergo an interesting rearrangement, to give 
benzaldehyde under two different conditions, though the mechanism of the rearrangement 
is probably similar in each case. When tropylium bromide in absolute alcohol is treated 
with one mol. of bromine a yellow tribromo-product separates. This immediately decom- 
poses in water to yield benzaldehyde. The same compound is produced when tropylium 
salts are oxidised with dilute neutral permanganate solution. In view of the difficulty in 


* Doering, personal communication, 
* Dewar and Pettit, preceding paper. 
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establishing the structure of cycloheptatriene derivatives ® one can arrive at two possible 
structures (III or IIIa) for the tribromo-compound. As shown in the annexed scheme, a 
compound with either structure could give rise to the ion (IV) by loss of a bromine anion 
to form a carbonium ion, followed by a Wagner~Meerwein rearrangement. The ion.(IV) 
would, on loss of hydrogen bromide and hydrolysis, yield benzaldehyde. A similar 
mechanism, involving an intermediate glycol, probably operates during the oxidation of 
tropylium bromide to benzaldehyde. It is interesting that the product obtained from the 
addition of one mol. of bromine to cyanonorcaradiene, which presumably has a structure 
similar to ([IJ), does not rearrange under similar conditions to give mandelonitrile. 
However, the nitrile group might influence such a rearrangement. 


EXPERIMENTAL 

Diazoacetonitrile,-Aminoacetonitrile hydrochloride* (92-5 g.) in water (150 ml.) was 
contained in a 21, separatory funnel fitted with a stirrer, Ether (100 ml.) and a solution (15 ml.) 
of sodium nitrite (69 g.) in water (100 ml.) were added, and the mixture stirred vigorously. 
After 30 sec, the ether layer was run off and transferred to a large flask containing 2n-sodium 
carbonate (100c,c,) at 0°, The aqueous solution was replaced and stirred with ether (2 x 50 ml.), 
the extracts being collected as before. Another portion (15 ml.) of the sodium nitrite solution 
was added and the extraction repeated as before. Ice chips were added periodically to keep the 
temperature below 15°. The remainder of the nitrite solution was then added, followed by 
ether (100 ml.) and 4N-sulphuric acid (10 ml.); the mixture was then extracted with three lots 
of ether, The process was repeated for eight additions of acid; then a further amount of 
sodium nitrite (30 g.) in water (50 ml.) was added, Addition of acid followed by ether-extraction 
was further continued until finally the reaction was completed when about 120 ml. of acid had 
been used and the aqueous solution was acid to Congo-red. The combined ether extracts 
(approx. 41.) were washed with 2n-sodium carbonate (100 ml.) and water (200 ml.) and dried 
(Na,SO,). The above method is similar to that used by Grundmann and Ottmann’ for the 
preparation of diazoacetic ester, but the greater solubility of diazoacetonitrile in water necessi- 
tates a much larger amount of ether for the extraction, The diazoacetonitrile thus prepared 
is quite suitable for use in the following reactions without further purification, In the first 
preparation the solvent was removed and the product distilled but this led to a violent explosion : 
in solution the material is quite safe to handle, The yield determined by the volume of nitrogen 
liberated when an aliquot portion of the ether solution was shaken with dilute acid was usually 
between 60% and 70%, 

Cyanonorcaradiene.-The above ether solution of diazoacetonitrile was slowly run into 
benzene (14 1,), and the ether continuously removed under reduced pressure. After removal 
of the ether the benzene solution was refluxed before a 1 kw ultraviolet lamp. In 6 hr,, 9 1. 
of nitrogen were evolved and the reaction was complete, The dark solution was cooled, filtered 
from small amounts of decomposition products, and washed with dilute sulphuric acid to remove 
traces of unchanged diazo-compound, Removal of excess of benzene, followed by vacuum- 
distillation, gave eyanonorcaradiene (32 g.), a pale yellow oil, b. p. 48-—50°/0-5 mm. (Found : 
C, 81-0; H, 61; N,12-3. C,H,N requires C, 82-1; H, 6-0; N, 12-0%), 

Tropylium Fluoroborate.-Cyanonorcaradiene (1-0 g,), boron trifluoride-ether complex 
(3 ml.), and water (0-1 g.) were refluxed vigorously for 7 min. The solution was cooled, dry 
ether (40 ml.) added, and the light brown precipitate collected and washed with a little ether 
acetone (yield, 1-0 g., 65%). Tropylium fluoroborate recrystallised from alcohol in white prisms, 
m, p. 242° (decomp.), alone or mixed with a sample obtained from equimolecular amounts of 
tropylium bromide and sodium fluoroborate in a little water. Tropylium fluoroborate dissolves 
readily in water to give a colourless solution. Concentrated solutions, when mixed with concen- 
trated sodium iodide solution, gave a red precipitate of tropylium iodide, With picric acid, 
tropylium picrate was formed as yellow needles, m, p. 114-—115° (Found : C, 49-3; H, 3-0; N, 13-0, 
CygH,O,N, requires C, 48-9; H, 2-8; N, 132%). An initial experiment with a very old 
sample of boron trifluoride-ether complex, presumably containing some hydrolysed products, 
gave almost quantitative yields of tropylium fluoroborate from cyanonorcaradiene, but this has 


* Doering and Knox, J. Amer. Chem. Soc., 1954, 76, 3203; Dryden and Burgert, ibid, 1955, 77, 
5633 

* Curtius, Ber., 1808, 31, 2490. 

’ Grandmann and Ottmann, Annalen, 1953, 582, 163. 
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not been repeated with purer materials. The yield appears to be the same when the reaction 
is carried out in a polar solvent such as trichloroacetic acid, Aluminium chloride (1-5 g.), 
nitrobenzene (10 ml.), and cyanonorcaradiene (1-2 g.) were heated at 70° for 15 min, The 
mixture was cooled, anhydrous ether (200 ml.) added, and the fine white precipitate collected 
(1-0 g.). This tropylium salt was dissolved in water (8 ml.) and filtered from a small amount of 
nitrobenzene, and aqueous picric acid was added, Tropylium picrate (0-8 g.) was collected 
(yellow needles, m. p. 113—114°), 

Tropylium isoCyanate and Norcaradiene isoCyanate.—(a) To a stirred solution of tropylium 
fluoroborate (0-55 g.) in water (10 ml.) a solution of sodium cyanate (0-15 g.) in water (10 ml.) 
was added dropwise during 10 min. After 3 hr. the precipitate of tropylium isocyanate was 
collected and washed with a little water (yield, 0-39, 75° ; m. p. and mixed m, p. 186—188°). 

(6) To a solution of tropylium fluoroborate (1-0 g.) in water (10 ml.) was added sodium 
cyanate (1-5 g.) in water (10 ml.). An evil-smelling liquid immediately separated. This was 
taken up in ether and dried (Na,SO,), and the solvent removed, leaving norcaradiene isocyanate 
(0-65 g., 86%). Each isomer gave tropylium bromide and cyanuric acid when treated with 
hydrogen bromide as descibed in Part I. 

Rearrangement of Tropylium Salts.—A solution of bromine (0-3 g.) in absolute alcohol (6 ml.) 
was added slowly and with stirring to tropylium bromide (0-3 g.) in absolute alcohol. The 
bromo-adduct (0-55 g,) separated at once. It crystallised from absolute alcohol in yellow plates, 
m. p. 118° (Found: C, 25-7; H, 2-4; Br, 71:6. C,H,Br, requires C, 25-4; H, 2-1; Br, 72-56%). 
The material immediately decomposed when shaken with water, to give benzaldehyde, identified 
by its smell and its 2; 4-dinitrohydrazone. 


One of us (R. P.) is indebted to the University of London for the award of an I.C.I, Research 
Fellowship. We also thank Professor Doering for helpful discussion. 
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398. T'riterpenoids, Part L.* The Constitution of Butyrospermol. 
By D. S. Irvine, Wittiam Lawrie, A. S. McNas, and F. S. Sprine. 


Butyrospermol, a tetracyclic triterpenoid alcohol from shea-nut fat, has 
been converted into euphol, This and other reactions show that butyro- 
spermol is either 9§-eupha-7 : 24-dien-36-ol (IV) or 8{-eupha-9(11) : 24-dien- 
38-ol (V), 


In 1934, Heilbron, Moffet, and Spring * isolated an alcohol, which they named basseol, of 
approximate molecular formula C,,H,,O, from shea-nut fat. Basseol acetate, obtained 
from the acetylated non-saponifiable matter after separation of a fraction rich in 6-amyrin, 
had m. p. 141°, [a], +22-4°,¢ and when hydrolysed with alkali gave basseol, m. p. 100-5", 
(a), —11-9°. The presence in basseol acetate of two double bonds and hence its tetra- 
cyclic nature followed from its behaviour with perbenzoic acid. Beynon, Heilbron, and 
Spring * later claimed that treatment of basseol acetate with bromine, sulphuric~acetic 
acid, formic acid, hydrogen bromide in ether, or hydrogen chloride in chloroform gave 
é-amyrin acetate in yields of 50, 20, 13, 40, and 90°, respectively, and they also reported 
that ozonolysis of basseol acetate yielded formaldehyde. A subsequent examination by 
Heilbron, Jones, and Robins * showed that, although, by using the original method, an 
acetate was isolated the physical constants of which (m. p. 189—141°, [a], -|-23°) approx- 
imate to those of basseol acetate, this acetate is not homogeneous since on repeated crystal- 
lisation it gave an ester, m. p. 146-5-—147-5°, [«|,, +-11°, which was named butyrospermyl 
acetate and on hydrolysis gave butyrospermol, m. p. 111--113°, [a], —12°%. Of more 
importance, it was shown that the chemical propertics of butyrospermyl acetate were 

* Part XLIX, J., 1956, 1949, 

+ Specific rota’ given in this paper are for chloroform solutions, 
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different from those reported by Beynon, Heilbron, and Spring for basseol acetate; in 
particular, ¢-amyrin acetate was not isolated from any reaction product from pure butyro- 
spermy] acetate and ozonolysis of the last compound gave acetone and not formaldehyde. 

We have again examined the non-saponifiable matter from shea-nut fat and, using the 
original method, we had no difficulty in isolating an acetate whose constants (m. p. ca. 140°, 
‘a),, Ca. +-22°) are in good agreement with those reported for basseol acetate. We con- 
firmed the heterogeneity of this acetate by many crystallisations from relatively dilute 
solutions and thereby obtained butyrospermyl acetate, m. p. 145°, [a], +11°; we also 
confirmed the observation that crude butyrospermy! acetate, [a], +-22°, is not readily 
purified by crystallisation from more concentrated solutions. Dawson, Halsall, Jones, and 
Robins * have considered the possibility that basseol acetate was butyrospermyl acetate 
contaminated with ca, 16%, of ¢-amyrin acetate and we believe this to be true. Alkaline 
hydrolysis of crude butyrospermyl acetate, {a}, +22° (basseol acetate), and crystallisation 
of the product gave pure butyrospermol, m. p. 109-—~110°, {a),, —12-6°, identical with a 
specimen prepared by hydrolysis of pure butyrospermyl acetate. The physical constants 
of butyrospermol are in excellent agreement with those of basseol, which in contrast to 
basseol acetate, was, we believe, a pure compound. Over a number of years, many different 
samples of shea-nut fat have been examined in this laboratory and with each sample the 
experience of Heilbron, Moffet, and Spring has been confirmed. 

Some of the reactions of basseol acetate described by Beynon, Heilbron, and Spring 
are compatible with the view that it was butyrospermyl acetate contaminated with ca, 
16°, of @-amyrin acetate. On the other hand, the formation of @-amyrin acetate from 
basseol acetate in yields of 40, 50, and 90%, reported above cannot be reconciled with this 
view and we suggest that the acetate used for the three experiments was not identical 
with the basseol acetate of Heilbron, Moffet, and Spring and was probably impure 6-amyrin 
acetate. 

Previous studies *4 on butyrospermol have shown that it is a secondary alcohol, CyyH gO 
(or a near homologue), contains two double bonds, and is consequently tetracyclic. One 
of the double bonds is present as an isopropylidene group and is readily reduced. The 
second (less reactive) double bond is not reduced by platinum and hydrogen. From a 
study of the infrared spectrum of butyrospermene Jeger and Seitz ® concluded that the 
less reactive double bond of butyrospermol is tetrasubstituted, and a consideration of the 
ultraviolet absorption of dihydrobutyrospermol led Halsall ® to the same conclusion with 
the further limitation that the double bond is endocyclic. The experiments described 
below show that this double bond is tri- and not tetra-substituted. 

Dawson et al.4 showed that treatment of dihydrobutyrospermyl acetate for a short 
period with dry hydrogen chloride at 0° gives dihydroisobutyrospermyl! acetate, and a 
consideration of the reactions of this isomer led them to suggest that its double bond 
corresponds in environment to that in lanost-7-enyl acetate, i.¢., that it is trisubstituted. 
The experiments described below show that the double bond in dihydroisobutyrospermy] 
acetate is tetra- and not tri-substituted. We have again prepared dihydroisobutyrosper- 
my! acetate and we find that it is identical with euph-8-enyl acetate? ([; R = C,H,,). 
The identity was confirmed by oxidation of dihydrotsobutyrospermyl acetate to 7 : 11- 
dioxoeuph-8-enyl acetate *.* and by isomerisation of dihydrotsobutyrospermyl acetate with 
hydrochloric-acetic acid to isoeuphenyl acetate. Dawson et al.“ reported that dikydro- 
isobutyrospermyl! acetate is extremely inert towards perbenzoic acid; after 23 days the 
equivalent of only 0-15 g.-atom of oxygen per mole was absorbed. This behaviour is not 
consonant with the fact that dihydroisobutyrospermy] acetate is identical with euph-8-enyl 

* Dawson, Halsall, Jones, and Robins, J., 1953, 586, 

® Jewer and Seitz, Helv, Chim, Acta, 1949, 32, 1626, 

* Halsall, Chem. and Ind., 1961, 867. 

’ Barton, MeGhie, Pradhan, and Knight, ibid, 1954, 1325; /., 1955, 876; Arigoni, Viterbo, 
Dinnenberger, Jeger, and Ruzicka, Helv. Chim. Acta, 1954, 37, 2306; Ménard, Wyler, Hiestand, Arigoni, 
Jeger, and Ruzicka, ibid., 1955, 38, 1517. 

* McDonald, Warren, and Williams, /., 1949, $155; Haines and Warren, /., 1950, 1562; Vilkas, 
Bull. Soc. chim. France, 1950, 582; Christen, Dinnenberger, Roth, Heusser, and Jeger, Helv. Chim. 
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acetate which reacts with perbenzoic acid to yield an oxide **° and we believe the 
to be in error since in our hands dihydroisobutyrospermyl acetate was easily oxidised by 
perbenzoic acid to euph-8-enyl acetate oxide, The relation between butyrospermol and 
euphol has been confirmed by conversion of the former into the latter. Addition of one 
mol. of bromine to butyrospermyl acetate in chloroform and treatment of the solution with 
dry hydrogen chloride, followed by debromination of the product with zinc, gave euphyl 
acetate (I; R = C,H,,). 

At this stage in the investigation we argued that if the less reactive double bond in 
butyrospermol is tetrasubstituted 5* the alcohol must be (II). Doubt arose whether the 
less reactive double bond in butyrospermo! is tetrasubstituted when we found that dihydro- 


Cos CoH, 


AcO 


HO 2 


(IV) 


butyrospermy! acetate is isomerised to euph-8-enyl acetate by shaking it with platinum 
and hydrogen in acetic acid, a rearrangement independently observed and reported by 
Jones and his collaborators in a recent preliminary communication." A detailed examin- 
ation of the infrared spectra of dihydrobutyrospermy! acetate and related compounds also 
led these authors to the view that the less reactive double bond in butyrospermol is tri- 
and not tetra-substituted as originally inferred.4%* The ease with which dihydrobutyro- 
spermyl acetate rearranges to euph-8-enyl acetate and the conflicting interpretations of 
the infrared data, led us to seek a chemical proof of the extent of substitution of this 
double bond. Treatment of dihydrobutyrospermy] acetate with osmic acid and acetylation 
of the product at either 20° or 100° gives a saturated triol diacetate from which we conclude 
that the less reactive double bond is tri- and not tetra-substituted. The triol diacetate is 
very readily converted into eupha-7 : 9(11)-dienyl acetate (II1) 1%" by heating it with 
acetic anhydride and potassium acetate, by heating it in a vacuum at 100°, by sublimation 
in a vacuum, and by heating it with zine in acetic acid, behaviour which proves that di- 
hydrobutyrospermyl acetate is a simple double-bond isomer of euph-8-enyl acetate, in 
which the unsaturated centre is either between C,,, and Cy, or between Cw and Cy,,). 
Accordingly, butyrospermol is identified as either 9-eupha-7 : 24-dienyl-36-ol (IV) or 
8£-eupha-9(11) : 24-dien-38-ol (V). 

Since the appearance of a preliminary communication from us ™ summarising the more 
important aspects of the work described above, Jones and his collaborators "4 have re- 
ported that they have also concluded that butyrospermol is either (IV) or (V) and they 
express a tentative preference for the 9$-form of (IV). 
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EXPERIMENTAL 


Specific rotations were measured in CHCl, solution and ultraviolet absorption spectra in 
EtOH solution. Light petroleum (b. p. 60--80°) and grade Il alumina were used for 
chromatography. 

Butyrospermol,—-By using the method of Heilbron, Moffet, and Spring,’ an acetate fraction 
(ca, 5 g.), m. p. 1388-—-139°, (a), + 22° (c 2-1), was obtained from the non-saponifiable matter 
(160 g.) from shea-nut, Repeated crystallisation of this fraction from concentrated solution in 
alcohol did not markedly change the m. p. (ca. 140°) or specific rotation ({a], ca. 4+22°). Nine 
recrystallisations of this mixture frem dilute solutions in ethanol-ethyl acetate (10: 3) * gave 
butyrospermyl acetate (1-4 g.) as needles, m. p. 145°, [a], +11° (¢ 2-0). Alkaline hydrolysis 
of butyrospermyl acetate gave butyrospermol as needles (from aqueous methanol), m. p. 109— 
110°, [ay ~12-6° (c 1-1), Alkaline hydrolysis of crude butyrospermyl acetate (‘‘ basseol 
acetate,’ m. p. 140°, (a), + 22°) (1 g.) and three crystallisations of the product from aqueous 
acetone gave butyrospermol (400 mg.), m. p. and mixed m. p. 109-—110°, [a], —12-5° (¢ 1-1), 
acetylation of which yielded pure butyrospermy] acetate, m. p. 145°, [a], + 11° (¢ 1-6). 

Dihydroisobutyrospermyl Acetate (Euph-8-enyl Acetate),—Dihydrobutyrospermyl acetate * 
(m, p, 136-—186-5°, [a], + 10-7°) was treated with dry hydrogen chloride at 0° as described by 
Dawson et al,,* to give dihydroisobutyrospermyl acetate (needles from chloroform—methanol), 
m, p, 124-5-—-126-5°, [a], +33-6° (¢ 2-3), undepressed in m. p. when mixed with euph-8-enyl 
acetate,“ m. p. 123-5—-124°, [a], +34-5°. A solution of dihydroisobutyrospermyl acetate 
(82 mg.) in acetic acid (3 c.c.) containing concentrated hydrochloric acid (0-15 c.c.) was kept at 
100° for 3hr, The product, crystallised from chloroform—methanol, gave isoeuphenyl acetate * 
(58 mg.) as plates, m. p. and mixed m. p. 111°, (a), —10° (¢ 1-6). 

Oxidation of dihydroisobutyrospermy] acetate (137 mg.) with chromic acid in acetic acid, 
by the method described by McDonald ¢¢ al.,* followed by chromatography of the product on 
alumina and crystallisation from methanol, gave 7: 11-dioxoeuph-8-enyl acetate (40 mg.) as 
yellow needles, m. p. and mixed m. p. 110—111°, [a]p + 19-7° (¢ 1-0), Agee, 2710 A (¢ 8100). 

Oxidation of Dihydroisobutyrospermyl Acetate with Perbenzoic Acid.—A solution of the dihydro- 
iso-acetate (100 mg.) in chloroform (4 c.c.) containing perbenzoic acid (472 mg.) was kept at 
0° for 2 days and at room temperature for 2 days. The product was isolated in the usual way 
and crystallised from methanol, to give 8% : 9§-epoxyeuphany! acetate * ” (64 mg.) as needles, 
m, p. and mixed m, p. 175—177°, [a], +-62° (¢ 0-9). 

Conversion of Butyrospermyl Acetate into Euphyl Acetate.-Butyrospermy] acetate (200 mg.) 
in chloroform (265 c,c.) was treated at 0° with a 1% solution of bromine in chloroform (6-8 ¢.c.). 
Dry hydrogen chloride was passed through the solution for 14 hr. at 0°. The mixture was 
washed with sodium hydrogen carbonate solution, and the chloroform evaporated under re- 
duced pressure, A solution of the residue in acetic acid (27 c.c.) was refluxed with zinc dust 
(2 g.) for 2 hr. and the product isolated in the usual way, to yield euphyl acetate * (40 mg.) 
(needles from chloroform~methanol), m, p. and mixed m. p. 106-5—107-5°, [a], +-40° (c 0-8). 

Treatment of Dihydrobutyrospermyl Acetate with Osmium Tetroxide.—Osmium tetroxide 
(1-62 g.) in ether (20 c.c.) was added to dihydrobutyrospermy] acetate (2-0 g.) in pyridine (20 c.c.), 
and the mixture kept in the dark for 12 days at 14°. After dilution with ether (100 c.c.), the 
mixture was refluxed for 1 hr. with lithium aluminium hydride (45 g.). The product was 
isolated in the usual manner and treated with acetic anhydride and pyridine mixture for 2 hr, 
at 100°. A solution of the dry acetylated product in light petroleum (150 c.c.) was chromato- 
graphed on alumina (60 g.). Light petroleum eluted dihydrobutyrospermyl acetate (800 mg.), 
m, p. and mixed m, p, 134-—-135°, [a], +10° (c 1-4), Light petroleum-benzene mixtures 
eluted fractions (1-12 g.), crystallisation of which gave the triol digcetate as prismatic needles, 
m, p. 181-—182°, [a], —82° (¢ 1-2) (Found: C, 749; H, 109. C,,H,,O, requires C, 74-7; 
H, 10-7%). It does not give a colour with tetranitromethane in chloroform and is transparent 
to ultraviolet light. Hydrolysis of the triol diacetate with lithium aluminium hydride gives 
the triol as a colourless oil, acetylation of which (either at 20° or at 100°) regenerated the triol 
diacetate, 

Eupha-7 : 9(11)-dienyl Acetate (111) from the Triol Diacetate.—(a) A mixture of the triol di- 
acetate (200 mg.), acetic anhydride (25 c.c.), and freshly fused potassium acetate (300 mg.) was 
refluxed for 4hr. The product was isolated by means of ether, and its solution in light petroleum 


‘* Newbold and Spring, /., 1044, 249. 
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(50 c.c.) chromatographed on alumina (6 g.). Light petroleum eluted a fraction which crystal- 
lised from methanol, to give eupha-7 ; 9(11)-dienyl acetate (60 mg.) as needles, m, p. and mixed 
m. p. 111—112°, [aJp —78° (c 1-0), Amex, 2320, 2400, and 2470 A (e 15,000, 17,000, and 10,500), 

(b) The triol diacetate (125 mg.) was kept at 100° in a vacuum for 2days, The solid [m. p. 
120—155°, Amax 2320, 2400, and 2470 A (¢ 5600, 6500, and 4200)) in light petroleum (25 c.c.) 
was chromatographed on alumina (4 g.). The fraction (40 mg.) eluted with light petroleum 
crystallised from methanol, to give the 7 : 9(11)-dienyl acetate as needles, m. p. and mixed m. p. 
111—112°. Light petroleum—benzene mixtures eluted fractions crystallisation of which from 
chloroform—methanol gave the triol diacetate (60 mg.) as needles, m. p. 177-—-178° (no depression). 

(c) The triol diacetate (100 rag.) was sublimed at 160—180°/0-4mm. A solution of the sub- 
limate (m. p. 70—90°) in light petroleum (25 c.c.) was chromatographed on alumina (3 g.). 
Elution with light petroleum gave the 7 ; 9(11)-dienyl acetate (47 mg.), m. p. and mixed m. p. 
111—112°. Benzene eluted a fraction, crystallisation of which gave the triol diacetate (30 mg.), 
m. p. 177--178° (no depression), 

(d) A solution of the triol diacetate (100 mg.) in acetic acid (10 c.c.) was kept at 100° with 
zinc dust (600 mg.) for 2 hr. The product was isolated in the usual way and crystallised from 
methanol, to give the 7 ; 9(11)-dienyl acetate (80 mg.), identified by m. p., mixed m. p., specific 
rotation, and ultraviolet absorption. 


We thank the Department of Scientific and Industrial Research for Maintenance Awards 
(to D. S. I. and W. L.). 
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399. Pyrimidines. Part I. The Synthesis of Some 
5-Hydroxypyrimidines. 
By R. Hut. 


Certain pyrimidines, containing at least one electron-releasing group, 
react with persulphate to give 5-pyrimidyl hydrogen sulphates which are 
hydrolysed by acid to 5-hydroxypyrimidines. 


Tuis paper describes a series of pyrimidines containing a 5-hydroxy-group,* which have 
been little investigated. They have generally been prepared as alkyl ! or aryl? derivatives 
from substituted formylacetic esters and amidines, or less often by treatment of 5-bromo- 
pyrimidines with lead oxide * or barium hydroxide and copper bronze,‘ reduction of uric 
acid,® or treatment of a 5-nitropyrimidine with zinc and hydrochloric acid.* 

The oxidation of monohydric phenols to dihydric compounds by persulphate discovered 
by Elbs 7 suggested that other compounds possessing similar activated centres might behave 
similarly. It is known that electron-releasing groups in the pyrimidine nucleus have a 
favourable effect on electrophilic substitution at C;,,), affording workable yields in certain 
cases of coupling, halogenation, nitration, and nitrosation. The Elbs persulphate oxidation 
has now been successfully applied to a number of hydroxypyrimidines. Thus, the hydroxy- 
pyrimidines (I—IV; ® = H) with alkaline ammonium persulphate gave the pyrimidyl 
hydrogen sulphates (I—IV; R = O-SO,H), as high-melting crystalline compounds readily 
soluble im» sodium hydrogen carbonate solution and reprecipitated with mineral acid. 
Subsequent acid hydrolysis gave the corresponding 5-hydroxypyrimidines (I-IV; 
R = OH). These compounds gave typical phenolic reactions; a dark blue colour was 
obtained with ferric chloride; 2-amino-4 : 5-dihydroxy-6-methylpyrimidine (11; R == OH) 
gave a diacetyl and a monobenzoyl derivative; 2: 5-dihydroxy-4 : 6-dimethylpyrimidine 
(IV; R = OH) gave the 5-acetoxy-derivative (IV; R = OAc). 


* Patent pending. 


' Johnson and McCollum, J. Biol. Chem., 1906, 1, 105, 437; Amer, Chem. J., 1906, 36, 136; Johnson 
and Heyl, ibid., 1907, 38, 247; Johnson and Jones, ibid., 1908, 40, 538. 

* Falco, Russell, and —~_ { Amer. Chem. Soc., 1951, 78, 3753. 

? Levene and La Forge, Ber., 1912, 45, 616; Roberts and Visser, J. Amer. Chem. Soc., 1952, 74, 668. 

‘ Bray, Lake, and Thorpe, Biochem. J., 1951, 48, 400. 

* Tafel and Houseman, Ber,, 1907, 40, 3743. 

* Behrend, Annalen, 251, 239. 

’ Elbs, J. prakt. Chem., 1893, 48, 179. 
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Experiments were made also with other 4-hydroxypyrimidines: in these cases the 
hydroxy-compound was not isolated, the ferric chloride colour being taken as an indication 


N N N N 
Han | OH ne 1’ Ho? | Me on | NH, 
Nx JR No ZR No JR Nx ZR 

Me Me RY 


(I) (i) ReNH, = (IV) (V) 
(HN) R=N< [CH] 5 


of reaction. Positive results were obtained in each experiment. It is of interest that with 
4: 6-dihydroxy-2-methylpyrimidine, having electron-releasing groups at positions 4 and 6, 
a red ferric chloride colour was obtained. Finally, persulphate reacted with pyrimidines 


Reactions of some pyrimidines with ammonium persulphate with subsequent 
acid hydrolysis and addition of ferric chloride. 
Subsets. siisessvcccesvs 2 NMe, NMe, NHMe OH NBu, NHBu Me 
4 OH OH OH OH OH OH OH 
6 H Me Me Me Me Me OH 
VeCl, colour...... ++ Blue Blue Blue Blue Blue Blue Red 


containing amino- as the only electron-releasing group in the molecule: 2 : 4-diamino-6- 
methyl- and 2: 4-diamino-pyrimidine (V; R =H, R’ = Me or H) gave the sulphuric 
esters which were hydrolysed to the hydroxy-compounds (V; R == OH, R’ = Me or H). 


EXPERIMENTAL 

2-Amino-4-hydroxy-6-methyl-5-pyrimidyl Hydrogen Sulphate.—Ammonium persulphate 
(34-2 g.) in water (70 ml.) was added dropwise to a stirred ice-cold solution of 2-amino-4-hydroxy- 
6-methylpyrimidine® (12-5 g.) in 3n-sodium hydroxide (220 ml.) during 1 hr. After being 
stirred overnight, the solution was acidified with concentrated hydrochloric acid and the product 
(14-5 g.) collected {m. p. 207° (decomp.)}. Recrystallisation from water gave the sulphate 
as colourless prismatic needles, m. p. 311° (decomp.) (Found: C, 27-1; H, 37; S, 140. 
C,H,O,N,S requires C, 27-15; H, 3-2; S, 1445%). The compound was soluble in sodium 
hydrogen carbonate solution, was reprecipitated with mineral acid, and gave no colour with 
ferric chloride, 

2-Amino-4 : 5-dihydroxy-6-methylpyrimidine.—-2- Amino-4- hydroxy -6-methyl-5- pyrimidy] 
hydrogen sulphate (76 g.) was heated under reflux in 5n-hydrochloric acid (208 ml.) during 30 
min, The solution was cooled and the 5-hydroxypyrimidine hydrochloride collected, made into 
a slurry with sodium hydrogen carbonate solution, and refiltered. The base (39 g.) crystallised 
from water in colourless prismatic needles, m, p, > 310° (Found: C, 39-8; H, 5-5; N, 28-5. 
C,H,O,N,,0-5H,0 requires C, 40-0; H, 5-35; N, 280%). The compound gave a deep blue 
colour with ferric chloride. Further evaporation of the filtrates from the hydrochloride gave 
a further 11 g, of the hydrochloride. 

The 5-O-bensoyl derivative, crystallised from aqueous 2-ethoxyethanol, had m. p.“227 
(Found: C, 66-8; H,4#8; N, 17-1, C,,H,,O,N,,0-5H,0 requires C, 56-7; H, 4:4; N, 16-6%). 

2- Acetamido--acetoxy -4-hydroxy-6-methylpyrimidine.—-2-Amino-4 ; 5-dihydroxy-6-methyl- 
pyrimidine (5 g.) and acetic anhydride (15 ml.) were heated under reflux during 1 hr. 
Next morning the diacetyl derivative (2:35 g.) was collected and washed with ethanol. 
Recrystallisation from ethanol gave prismatic needles, m. p. 232—-233° (Found: C, 48-5; 
H, 5-2; N, 188. C,H,,O,N, requires C, 48-0; H, 4-9; N, 18-65%), which gave no colour with 
ferric chloride. 

2-Amino-4-hydroxy-5-pyrimidyl Hydrogen Sulphate,-Prepared similarly from isocytosine 
(11-1 g.), the crude product (9-95 g.) crystallised from water as pale yellow prismatic needles, 
m, p. >» 300° (Found: C, 22:8; H, 2-4; S, 16-9. C,H,O,N,S requires C, 23-2; H, 2-4; 
S, 15-65%) 

2-Amino-4 : 5-dihydropyrimidine..Prepared from 2-amino-4-hydroxy-5-pyrimidy! hydrogen 


228° 


* Michael, J. prakt. Chem., 1804, 49, 41. 
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sulphate (3-2 g.), the crude hydrochloride (1-8 g.), m. p. 323° (decomp.) (Found: Cl, 21-5, 
C,H,O,N,,HC! requires Cl, 21-7%), gave, after neutralisation with sodium hydrogen carbonate 
solution, 2- very 5-dihydroxypyrimidine, which cage from water in needles, m. p. 

-300° (Found: C, 37-5; H, 42. Calc. for C,H,O,N, , 37:8; H, 395%). Johnson and 
Johns ® give m. p. S300", 

4-Hydroxy-6-methyl-2-piperidino-5-pyrimidyl Hydrogen Sulphate.—Prepared similarly from 
4-hydroxy-6-methyl-2-piperidinopyrimidine ” (19-3 g.), the crude product crystallised from 
water in prisms (7-5 g.), m. p. 151° (Found: C, 41-0; H, 5-7; S, 10-9. C,)H,,O,N,5 requires 
C, 41-5; H, 5-2; S, 11-1%). 

5 - Dihydroxy -6-methyl-2-piperidinopyrimidine.—4- Hydroxy -6- methyl -2-piperidino - 5- 
pyrimidy!] hydrogen sulphate (47 g.) was heated under reflux in 5n-hydrochloric acid (110 ml.) 
under nitrogen during 30 min. 11N-Sodium hydroxide (70 ml.) was added to the cooled solution, 
followed by ammonia to pH 6. The crude product [34 g.; m. p. 289° (decomp.)) crystallised 
from aqueous ethanol in pale violet needles, m. p. 202° (decomp.) (Found: C, 57-6; H, 7-0; 
N, 19-2. C,,H,,0,N, requires C, 57-4; H, 7-2; N, 201%). 

2-Hydvoxy-4 : 6-dimethyl-5-pyrimidy! Hydrogen Sulphate—Prepared similarly from 
2-hydroxy-4 : 6-dimethylpyrimidine hydrochloride (32 g.), the crude product (21 g.) crystallised 
from water as pale yellow needles, m. p. 264° (decomp.) (Found: C, 33-0; H, 3-0; N, 12-5; 
S, 14:3. C,H,O,N,5 requires C, 32-75; H, 3-6; N, 12:7; S, 14-55%). 

2 : 5-Dihydroxy-4 ; 6-dimethylpyrimidine.—-The preceding sulphate (80 g.) was heated under 
reflux in 5n-hydrochloric acid (200 ml.) under nitrogen during 20 min. After cooling, 11n- 
sodium hydroxide (130 ml.) and ammonia were added to pH 4. The crude product crystallised 
from water as pale yellow needles (30 g.), m. p. >300° (Found: C, 51-4; H, 5-7; N, 19-9. 
C,H,O,N, requires C, 51-4; H, 5-7; N, 20-0%). 

This (1-5 g.) and acetic anhydride (4 ml.) were heated under reflux during 30 min, The 
cooled solution was poured into water and evaporated toasmall volume. The 5-acetyl derivative 
(2-0 g.) was collected and crystallised from dioxan as colourless prismatic needles, m, p, 216---217° 
(Found; C, 52-0; H, 5-9; N, 15-0. CgH,O,N, requires C, 52-75; H, 5-5; N, 154%), 

2: 4-Diamino-6-methyl-5-pyrimidyl Hydrogen Sulphate.Ammonium persulphate (102 g.) 
in water (150 ml.) was added dropwise during 4} hr. to a stirred suspension of 2; 4-diamino- 
6-methylpyrimidine ™ (37 g.) in 6x-sodium hydroxide (445 ml.) below 15°, The solution was 
stirred overnight, a small quantity of insoluble material was removed, and the filtrates were 
cooled to 10° and acidified with concentrated hydrochloric acid. The pyrimidyl hydrogen 
sulphate (53 g.), m. p. 281—283° (decomp.), was collected and washed with ice-water. Re- 
crystallisation from water gave colourless prismatic needles, m. p. »>300° (Found: C, 27-5; 
H, 3-8; S, 154. C,H,O,N,S requires C, 27-3; H, 3-65; S, 146%), 

2: 4-Diamino-5-hydroxy-6-methylpyrimidinc,— 2 ; 4-Diamino-6-methyl-5-pyrimidyl hydrogen 
sulphate (28 g.) was hydrolysed in the usual manner and gave the 5-hydroxypyrimidine di- 
hydrochloride (19-5 g.), m, p, 278° (decomp.), on cooling. The monohydrochloride, obtained 
by the addition of sodium hydrogen carbonate to a solution of the dihydrochloride to about 
pH 4, crystallised from water as needles, m. p, >300° (Found: C, 32-6; H, 56; N, 20-4. 
C,H,ON,,HCI1,0-5H,O requires C, 32-3; H, 54; N, 302%). The picrate crystallised from 
aqueous alcohol as yellow prisms, m. p, »300° (Found: C, 36-1; H, 27; N, 26-2, 
CH,ON,,C,H,O,N, requires C, 35-8; H, 3-0; N, 26-55%) 

2: 4-Diamino-5-pyrimidyl Hydrogen Sulphate.-Prepared similarly from 2: 4-diamino- 
pyrimidine sulphate * (8-65 g.), the crude product (6-3 g.) crystallised from water in pale yellow 
needles, m. p. 276° (decomp.) (Found: C, 23-1; H, 3-1; S, 144, C,H,O,N,S requires C, 23-3; 
H, 2-9; S, 15-56%) . 

2: 4-Diamino-5-hydroxypyvimidine,—Prepared in the usual manner from 2: 4-diamino-5- 
pyrimidy! hydrogen sulphate (1-7 g.), the crude 2 : 4-diamino-5-hydroxypyrimidine hydrochloride 
(0-85 g.) crystallised from aqueous ethanol in prismatic needles, m. p. >300° (Found; C, 20-6; 
H, 40; N, 34-6; Cl, 21-0, CyJH,ON,HC! requires C, 20-55; H, 3-7; N, 34-45; Cl, 208%). 
The picrate crystallised from aqueous ethanol in yellow needles, m. p. 250° (decomp.) (Found ; 
C, 33-8; H, 2-7; N, 27-9, C,JH,ON,C,H,O,N, requires C, 33-8; H, 2-5; N, 27-6). 

IMPERIAL CHEMICAL (PHARMACEUTICALS) LIMITED, 

Hexacon House, BLrackitey, MANCHESTER 9 [Received, January 11th, 1956.) 
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400. Constituents of the Lipids of Tubercle Bacilli. Part VII.* Syn- 
thesis of (+ )-2(L): 4(L)-Dimethyldocosanoic Acid, an Oxidation Product 
of Mycolipenic Acid. 

By G. J. Fray and N. Porcar. 


(-}-)-2(L) : 4(L)-Dimethyldocosanoic acid ¢ (X) has been synthesised with 
(-+-)-2(L) : 4(L)-dimethylhept-6-enoic acid (VIla) as intermediate, and the 
synthetic acid found to be identical with the dextrorotatory acid shown earlier 
to arise on oxidaticn of mycolipenic acid, The structure advanced pre- 
viously for this oxidation product has thus been confirmed. 


In previous studies mycolipenic acid was shown to afford on oxidation a dextrorotatory 
acid, {a|,, 4+-7°1°, to which the structure of 2 : 4-dimethyldocosanoic acid (I) was assigned.'»* 
The present paper describes the synthesis of this dextrorotatory acid (a preliminary report * 
has been published), 

The acid (1) has two asymmetric centres, and for the synthesis of the stereoisomer 
arising on oxidation of mycolipenic acid certain information on the stereochemical con- 
figuration of these asymmetric centres was needed. This was available from the investi- 
gations ** already mentioned, which disclosed that the oxidation product (I) on further 
degradation affords a dextrorotatory acid, [a], about +7°, having the structure of 2- 
methyleicosanoic acid (II), the asymmetric centre at Cy of the latter corresponding to 


(1) CH,{CH,],,."CHMe-CH,-CHMe-CO,H CH,[CH,],,°CHMe'CO,H (II) 


that at C;, of the acid (1), Since the dextrorotatory forms of 2-methyl-substituted carb- 
oxylic acids are sterically related to L-(—)-glyceraldehyde (CO,H = CHO),‘ it follows that 
the oxidation product (I) has L-configuration in respect of Cy). Moreover, the dextroro- 
tation of this oxidation product, itself a 2-methyl-carboxylic acid, also indicates L-con- 
figuration in respect of C@. We are aware of the possible vicinal action between the asym- 
metric centres at Cm and Cop of this acid, but 4-methyl-carboxylic acids are known to have 
only small rotations and there is no significant difference between the rotations exhibited 
by the 2: 4-dimethyl-substituted acid (I) and the 2-methyl-substituted acid (II). The 
stereoisomer arising on oxidation of mycolipenic acid is, therefore, regarded as 2(L) : 4(L)- 
dimethyldocosanoic acid. 

The starting point for the synthesis of this acid was L-(-+-)-2-methylpent-4-enoic acid ® 
(III) which by reduction with lithium aluminium hydride gave L-(—)-2-methylpent-4-en- 
l-ol (LV). Condensation of the toluene-p-sulphonate of the latter or its iodo-derivative 
(obtained from the toluene-p-sulphonate by means of sodium iodide in acetone) with the 
sodio-derivative of ethyl methylmalonate, followed by hydrolysis of the intermediate 
malonic ester (V) and decarboxylation of the liberated acid, afforded 2 : 4(L)-dimethylhept- 
6-enoic acid (VIla and b) with the newly created asymmetric centre at Cy. Some earlier 
experiments in which the malonic ester (V), obtained by employing the toluene-f-sulphony] 
ester of (LV) for the malonic ester condensation, was subjected to the subsequent stages 
without previous purification by distillation resulted in mixtures of the diastereoisomers 
(Vila) and (VIIb) with specific rotations varying from -+-5-47° to +-11-6°. Later, when 
the iodo-derivative from the alcohol (IV) was used for the condensation and the inter- 
mediate malonic ester (V) was distilled, the acid had [«|,, 4+-12-5°. Comparative studies 
showed that the rotatory power of this acid was not affected by varying the rate of heating 
in the decarboxylation. Moreover, an experiment involving a partial hydrolysis of the 


* Part VI, J., 1965, 3971. 
{ The symbols D and L are used in the sense defined by Linstead et al, (J., 1950, 3333). 
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intermediate malonic ester and so giving rise to the half-ester (VI) (for brevity, only one 
diastereoisomer is shown), followed by decarboxylation of the latter and hydrolysis of the 
resulting ethyl ester, afforded an acid with similar rotation. 

The magnitude of the dextrorotation of the acid resulting from the above procedures 
indicated a preponderance of one of the diastereoisomers, regarded as (-+-)-2(L) : 4(L)- 
dimethylhept-6-enoic acid (VIIa) (see above), and attention was turned to its isolation, 
Various alkaloidal salts were prepared; the quinine salt proved satisfactory. After re- 
peated crystallisation of this, the recovered acid exhibited [a), +19-9°. This on reaction 

O,£t . O,£t O,H O,H 
Me-C-CO,H Me-C-H H-C—Me 
im , 
-H 
H, 
CH 


. H 
by. CH, CH, CH, 
(Vv) (VI) (Vila) (VIIb) 


with hydrogen bromide with peroxide-catalysis * gave the bromo-acid (VIII; R = H), 
a, +41° (homogeneous; J, 0-5), which probably contained a small proportion of the 
secondary bromide arising by the addition of hydrogen bromide according to Markowni- 
koff’s rule. In later experiments a sample of the bromo-acid, obtained by the same pro- 
cedure from a mixture of the diastereoisomers (VIIa and 5), afforded, via the cinchonidine 
salt, a (-+-)-acid having «, +5°30° (homogeneous; /, 0-5); the other diastereoisomer 
exhibiting «, —3-86° was obtained through the quinine salt. 

The bromo-acid (VIII; R = H) with diazomethane afforded the methyl ester (VIII; 
R = Me) which with sodium iodide in boiling acetone gave the corresponding iodo-deriv- 


0,H 


(VIIT) 


ative. Keaction of the latter with methyl 3-oxohexadecanoate ? in the presence of petas- 
sium carbonate, followed by hydrolysis and ketonic cleavage, yielded the keto-acid (1X ; 
R =H). This was converted into the corresponding methyl ester (IX; R »* Me) which 
on Clemmensen reduction and subsequent hydrolysis gave an acid having {7|, about +5”. 
The latter was found to be optically impure : presumably partial inversion in respect of 
Ci had taken place in the later stages, probably during the Clemmensen reduction. After 
repeated crystallisation of the quinine salt, the recovered acid (X) had [a], ~ 7-4° in agree- 
ment with the value (+-7:1°) recorded * for the oxidation product of mycolipenic acid, 
The X-ray powder photograph of the p-bromophenacy] ester (m. p, 71°) of the synthetic 
acid was identical with that of the p-bromophenacy! ester (m. p. 69°) derived from the 
oxidation product; we are grateful to Mrs. D. M. Hodgkin, F.R.S., for these X-ray studies. 


* Smith, Chem. and Ind., 1937, 1§, 833; 1938, 16, 461 
’ Staliberg-Stenhagen, Arkiv Kemi, Min., Geol, 1945, 20, A, No. 19, 
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EXPERIMENTAL 


« refers to homogeneous liquids (/ = 1) unless otherwise stated. 

( +4-)-2-Methylpent-4-enoic Acid,Ethy| 2-ethoxycarbonyl-2-methylpent-4-enoate, b. p. 110 
113°/15 mm., was obtained in 90%, yield by a malonic ester condensation employing allyl 
chloride and ethyl methylmalonate (cf. ref. 5). This ester (380 g.) was refluxed with potassium 
hydroxide (280 g.) in water (2-8 1.) until a clear solution resulted (about 25 hr.), The solution 
was concentrated (to about 2 1,), acidified (to pH 2) with hydrochloric acid, and extracted with 
ether. Evaporation of the dried (Na,SO,) ethereal extract, followed by decarboxylation of the 
residue at 160—-170° (bath), gave (+-)-2-methylpent-4-enoic acid (164 g., 81%), b. p. 102—-104°/ 
20 mm, (Stallberg-Stenhagen * records b. p, ca, 104°/20 mm.). 

L-(+-)-2-Methylpent-4-enoic Acid (111),-—-The (+)-acid was resolved by the procedure given 
by Stallberg-Stenhagen * with slight modifications in detail. Quinine (390 g., 1 mol.) was added 
gradually to a solution of the (+-)-acid (137 g., 1 mol.) in boiling acetone (2-3 1,); the resulting 
solution was filtered and left overnight. The quinine salt which separated as needles was re 
crystallised seven times from acetone, then dissolved in dilute hydrochloric acid, and the solution 
extracted with ether, Distillation gave L-(--)-2-methylpent-4-enoic acid (21 g., 31%), b. p. 
07-98°/16 mm., n'y 14308, di’ 0-954, ai? +7-86°, [a]? + 8-24° [Stallberg-Stenhagen gives 
ay + 762° (ref. 5) and a® +-7-88° (ref. 8)) (Found: C, 62-8; H, 88, Cale, for C,H,,9, : 
C, 63-1; H, 88%). 

Several batches of the (+4)-acid were resolved in the same way and the mother-liquors 
resulting from the crystallisations combined and evaporated. From the regenerated acid 
(345 g.), al --0-58°, further amounts of the (-+-)-acid were obtained by the following procedure, 

Resolution with quinine as described above gave 48 g. of the fully resolved (+-)-acid; the 
mother-liquors from the first three crystallisations of the quinine salt yielded 225 g. of acid 
having «|? —4-41°, and those from the last five crystallisations afforded 46 g. of acid, a}f + 5-02°. 
The foregoing (~)-acid was converted, by means of methanolic sulphuric acid, into the methy] 
ester, and the latter racemised * by refluxing it with ethanolic sodium ethoxide (from 39 g. of 
sodium in 400 c.c, of ethanol) for 4 hr. A solution of sodium hydroxide (30 g.) in water (400 c.c.) 
was then added and the mixture refluxed for 2 hr., then concentrated to about half its volume 
and acidified (hydrochloric acid). Ether-extraction and distillation afforded the acid (158 g.) 
with a'* —0-02°, This, combined with the above partially resolved (-}-)-acid, gave by repetition 
of the above resolution procedure 41 g. of the fully resolved acid. 

L-( —)-2-Methylpent-4-en-1-ol (1V),—-L-(-+-)-2-Methylpent-4-enoic acid (30 g.) was added 
dropwise with stirring to lithium aluminium hydride (11-2 g.) in ether (200 c.c.) during 1-5 hr, 
at such a rate that the solvent refluxed gently, After a further 0-5 hr., the excess of lithium 
aluminium hydride was decomposed by water. Ice-cold 10%, sulphuric acid (1 1.) was then 
added and the ethereal layer separated; the aqueous phase was extracted with ether (3 times), 
and the combined ethereal extracts were shaken with saturated aqueous sodium hydrogen 
carbonate, dried (MgSO,), and evaporated. Distillation of the residue yielded L-(—)-2-methyl 
pent-d-en-l-ol (22 g., 84%), b. p. 145-146", mi? 1-4345, dj* 0-845, (a)? —2-62° (Found ; C, 71-7; 
H, 12-3. C,H,,0 requires C, 71-9; H, 121%). The a-naphthylurethane crystallised from light 
petroleum (b. p. 40-—60°) as needles, m. p. 765° (Found; C, 76-0; H, 7:3; N, 50, C,,HyO,N 
requires C, 75-8; H, 7-1; N, 52%). 

2: 4(L)-Dimethylhept-6-enoic Acid,—Mixtures of the 2(D)- and the 2(L)-diastereoisomer with 
a preponderance of the latter resulted from the following procedures. 

(i) Dry pyridine (30 g., 2-1 mol.) was gradually added with stirring to an ice-cold mixture of 
L-( —)-2-methylpent-4-en-1-ol (18 g., 1 mol.) and toluene-p-sulphony! chloride (36 g., 1-05 mol.) 
during about 2 hr., and stirring continued for a further 2 hr. The product was acidified with 
dilute hydrochloric acid and extracted with ether, and the dried (K,CO,) extract was evaporated. 
After removal of the last traces of water azeotropically (benzene), the residual pale yellow oil 
(43 g.), & ca, +3-3°, consisting of the toluene-p-sulphonate (Found: C, 61-8; H, 7-1; S, 12-7. 
C,,H,,0,5 requires C, 61-4; H, 7-1; S, 126%), was used without purification for the next 
stage. This was effected by refluxing the toluene-p-sulphonate (40 g.) with the sodio-derivative 
of ethyl methylmalonate (from 4 g. of sodium, 30 g. of ethyl methylmalonate, and 200 c.c. of 
ethanol) and some sodium iodide for 5 hr. After dilution with water and acidification (hydro- 
chloric acid), the product was isolated with the aid of ether, then refluxed with a solution of 
potassium hydroxide (30 g.) in water (300 c.c.) for 24 hr. The resulting solution was acidified 
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with hydrochloric acid and the product, isolated by ether-extraction, was decarboxylated at 
150-—-160° (bath); it was then refluxed with 10°, aqueous potassium hydroxide (50 c.c.) for 
| hr. Distillation of the liberated acid furnished a colourless liquid (10 g.), b, p. 138—140°/22 
mm., ny? 1-4447, d}* 0-930, [a)\* + 8-84° (Found : C, 69-0; H, 10-5, Cale. for C,H,,0,: C, 69-2; 
H, 10-3%). In two other experiments carried out in the same way the acid resulted with [a)}? 
+ 547° and [a)® + 11-6°, severally. 

(i) The above toluene-p-sulphonate (40 g.) was refluxed with a solution of anhydrous sodium 
iodide (50 g.) in dry acetone (500 c.c.) for 12 hr. The resulting iodo-derivative, isolated in the 
known manner, was refluxed with the sodio-derivative of ethyl methylmalonate (from 3-7 g. 
of sodium, 28 g. of ethyl methylmalonate, and 150 c.c. of ethanol) for 10 hr. After acidification 
with glacial acetic acid, the mixture was concentrated to half bulk and diluted with water, and 
the product isolated by ether-extraction. Distillation through a short Vigreux column gave a 
low-boiling fraction (ca. 10 g.), b. p, 135°/20 mm. (unchanged iodo-derivative and ethyl metkyl- 
malonate), followed by (-+-)-[ethyl 2-ethorycarbonyl-2 : 4(L)-dimethylthept-6-enoate] (V) (19 g.), 
b. p. 142—145°/20 mm., ni* 1-4427, di* 0-984, [a]!* 4-2-62° (Found: C, 65-9; H, 2. C,,H,,O, 
requires C, 65-6; H, 9-4%). This ester (31 g.) was refluxed with potassium hydroxide (25 g.) 
in water (20 c.c,) and ethanol (100 c.c.) for 4 hr. The resulting solution was concentrated (to 
about 50 c.c.), acidified with hydrochloric acid, then extracted with ether, and the dried (MgSO,) 
extract evaporated. Decarboxylation of the residue at 170-—180° (bath), followed by refluxing 
of the product with 10% aqueous potassium hydroxide (80 c.c.) for 1 hr. and distillation of the 
liberated acid, afforded a liquid (16 g.), b. p. 128—130°/14 mm., nl? 1-4442, dj? 0-929, [a)}* 

+ 12-5°. 

(iii) A 5-8-g. portion of (+-)-[ethyl 2-ethoxycarbonyl-2 : 4(L)-dimethylhept-6-enoate] was 
worked up as described in the preceding experiment except that on hydrolysis of the ester the 
mixture was refluxed for 15 hr, and the product obtained on decarboxylation of the liberated 
acid was taken up in ether, then the acid fraction was removed from the ethereal solution with 
20°, aqueous potassium hydroxide. Acidification of the alkaline extract and isolation by 
means of ether afforded the acid (3 g.) having [a)\® + 12-1° (¢ 30-0 in COMe,). 

(iv) When the above malonic ester (11 g.) was kept overnight with a solution of potassium 
hydroxide (5 g.) in water (5 c.c.) and ethanol (95 c.c.), the potassium salt of the half-ester separ- 
ated as needles. The mixture was acidified with glacial acetic acid, then diluted with water 
and, after saturation with potassium chloride, extracted with ether, Re-extraction of the 
ethereal solution with 20% aqueous potassium hydroxide, followed by acidification of the 
alkaline extract, decarboxylation, and elimination of acidic material from the product by 
shaking of its ethereal solution with aqueous potassium hydroxide, gave (-+-)-[ethyl 2: 4(L)-di- 
methylhept-6-enoate} [with a preponderance of the 2()-diastereoisomer) (4-3 g.), b. p. 87--88°/14 
mm., m\° 1-4304, [a)l* + 94° (c 30-2 in COMe,) (Found: C, 72-0; H, 109. C,,HO, requires 
C, 71-7; H, 109%). This ester (4 g.) on hydrolysis with potassium hydroxide (3 g.) in boiling 
water (10 c,c.) and ethanol (20 c.c.) for 2 hr. afforded the corresponding acid having [a)!* 4. 11-9° 
(c 31-5 in COMe,). 

(+-)-2(L) : 4(L)-Dimethylhept-6-enoic Acid (Vila).—Preliminary experiments showed that 
the brucine salt of the acid described in the preceding section did not crystallise, In attempts 
to crystallise the strychnine or cinchonine salts the free bases separated from the solutions. 
Experiments employing cinchonidine seemed initially encouraging ; the cinchonidine salt crystal. 
lised from acetone as needles, but on recrystallisation from the same solvent dissociation occurred, 
the free base separating. On recovery of the acid from the initially crystallised cinchonidine 
salt, the cinchonidine salt being then re-formed and allowed to crystallise from acetone, and 
this whole procedure being repeated several times, the most dextrorotatory acid obtained (start- 
ing from a specimen with [a]}? +5-47°) had [a]! + 10-8° (c 16-8 in COMe,). Crystallisation of 
the cinchonidine methosalt, obtained by dissolving the acid in an aqueous solution of cinchon- 
idine methohydroxide ” and evaporating the solution, failed to increase the specific rotation of the 
acid. In further experiments the quinine salt (which in earlier attempts was an oil) was obtained 
as needles on crystallisation from aqueous acetone and, finally, the following procedure was 
adopted. 

Quinine (58 g., 1 mol.) was gradually added to a solution of (-+4-)-2: 4(L)-dimethylhept-6 
enoic acid (28 g., 1 mol.; representing a mixture of diastereoisomers, («| +-9-06°, resulting by 
combining several of the above preparations) in boiling acetone (75 c.c.); the solution was 
filtered and the filtrate cooled to room temperature. Water was added until turbidity resulted, 
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and then acetone to give a clear solution. The quinine salt gradually separated as needles 
which were collected (after several hours, or next day) and recrystallised five times from 
aqueous acetone according to the procedure employed for the previous crystallisation. De- 
composition of the resulting salt with dilute hydrochloric acid, followed by ether-extraction and 
distillation, gave acid (8-9 g.) with aif +8-09° (J 0-5). This was again converted into the quinine 
salt which after one crystallisation gave acid (5-7 g.) having a}? -}8-58° (/ 0-5); on repetition 
of this procedure the regained acid (3 g.) showed aif +-8-98° (10-5). This material was combined 
with another batch (1-6 g.) of acid obtained by a similar procedure aad having aif + 9-06° 
(/ 0-5), and the whole reconverted into the quinine salt which after one crystallisation gave acid 
(3 g.) of al? 4-922", al? 4+-9-10° (1 0-5). A further formation and crystallisation of the quinine 
salt gave on decomposition as above the 2(L) : 4(L)-diastercoisomer (2 g.), b. p. 146—147°/37 
mm., ni 14439, di’ 0-028, al? +-9-23°, [a)}? 4-19-9° (1 0-5) (Found: C, 69-0; H, 10-5. C,H,,O, 
requires C, 69-2; H, 10-3%); the rotation remained constant, within the limits of experimental 
error, on further crystallisation of the quinine salt. The S-benzylihiuronium salt crystallised 
from aqueous ethanol (1; 1) as plates, m. p. 124° (Found : C, 63-4; H, 7-9; N, 8-5. C,,HygO,N,5 
requires C, 63-3; H, 81; N, 87%). 

Mixtures of the diastereoisomers which were recovered with low dextrorotation from various 
residual mother-liquors of the above crystallisations of the quinine salts underwent partial in- 
version when their methyl esters were refluxed with 10% ethanolic sodium ethoxide, and the 
acid resulting on subsequent hydrolysis showed an increased rotatory power, Thus, a sample 
with {a}\’ + 052° gave by the foregoing procedure acid having (a)? +7-57°. The quinine salt 
could also be prepared from ethereal solution and recrystallised from the same solvent. 

( +)-7-Bromo-2(L) : 4(L)-dimethytheplanoic Acid (VIII; R = H).—(i) Hydrogen bromide 
was passed during 1 hr, into an ice-cold solution of the preceding 2(L) : 4(L)-diastereoisomer 
(2-5 g.) in light petroleum (b. p. 100-—120°, purified by refluxing over potassium permanganate ; 
10 c.c.) in the presence of monoperphthalic acid (3-4% ethereal solution ; 1 c.c.), air being allowed 
to enter the delivery tube at intervals; a heavy yellow oil separated. After addition of water, 
the mixture was extracted with ether, and the ethereal extract washed with water, dried (MgSQ,), 
and evaporated. A portion of the resulting crude bromo-acid (3-6 g.) was distilled, thus affording 
a colourless oil, b. p. 139-—-140°/1 mm., #3 1-4773, al® 4+-4-1° (1 0-5) (Found: C, 45-7; H, 7-4; 
Br, 33-3. C,yH,,O,Br requires C, 45-6; H, 7-2; Br, 337%). 

(i) In later experiments samples of 2: 4(L)-dimethylhept-6-enoic acid (mixtures of dias- 
tereoisomers resulting from the work described above) having [a)}* +7-1°, +11-1°, and + 14-9°, 
severally, were converted into the bromo-derivative by the foregoing procedure. The products 
showed a,, (determined for the crude specimens; / 0-5) ca, —1-4°, +-0-6°, and +-1-7°, respectively. 

Cinchonidine (23-5 g.) was added gradually to a boiling solution of the preceding bromo-acid 
having a, -+-0-6° (19 g.) in acetone-ethanol (10:1; 440 c.c.); after filtration, the solution was 
allowed to cool to room temperature. Water was added until turbidity resulted, and then 
acetone to give a clear solution which was set aside overnight. The cinchonidine salt separated 
as needles which were recrystallised five times from aqueous acetone. Decomposition of the 
resulting salt in the usual manner gave the 2(L) : 4(L)-diastereoisomer (1-6 g.), b. p. 144-—145°/2 
mm., m)? 14764, aif +-5-3° (1 0-5), (a)? + 10-6° (c 12-8 in COMe,) (Found: C, 46-0; H, 7-4; 
Br, 33-56%); the rotation was not increased by a further crystallisation of the cinchonidine salt. 

The 2(D) ; 4(L)-diastereoisomer was obtained from bromo-acid of a, ~—1-4° (see above; 
12 g.) via the quinine salt. Crystallisation of the latter from aqueous acetone at — 10°, followed 
by three recrystallisations from the same solvent at room temperature, gave (—)-acid (2 g.), 
ai? — 386° (1 0-5), (a) —8-0° (¢ 10-3 in COMe,) (Found; C, 45-9; H, 7-2; Br, 33-09%); the 
rotation remained unchanged on a further crystallisation of the quinine salt. 

(+)-| Methyl 7-Bromo-2(L) ; 4(L)-dimethylheptanoate) (VIII; R = Me).—An ethereal solution 
of diazomethane was added to a solution of the above bromo-acid (1-4 g.; [a], + 10-5°) in ether 
until a yellow colour persisted. The solution was then filtered and distilled, to give the methy/ 
ester (1-3 g.), b. p. 160—151°/32 mm., mi? 1-4621, a” +46-09° (/ 0-5), [a]? +4-10-9° (¢ 103 in 
COMe,) (Found : C, 48-2; H, 7-6; Br, 31-5. C,,H,,O,Br requires C, 47-8; H, 7-6; Br, 31-8%). 

The bromo-acid of aff + 41° (1 0-5) (see preceding section) gave a methyl ester, b. p. 136— 
138°/19 mm., nif 1-4637, al? +-5-29° (1 0-5). 

Methyl 3-Oxohexadecanoate (cf. ref. 7).—-Granulated sodium (6-9 g., 1-1 mol.), ethyl aceto- 
acetate (41 g., 1-6 mol.), and benzene (500 c.c,) were refluxed for 4 hr. To the mixture, cooled 
to room temperature, myristoyl chloride (67 g., 1 mol.; obtained from myristic acid, m. p. 55°, 
by means of thionyl chloride) in benzene (100 c.c.) was added gradually, and the whole refluxed 
for 1 hr., then poured into dilute sulphuric acid and ice. Ether was added and the organic 
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layer separated, washed with water, dried (MgSO,), and evaporated. The residue was dissolved 
in warm benzene (150 c.c.) and kept with sodium (10 g.) in methanol (300 c.c.) overnight, then 
poured into dilute sulphuric acid and ice, and the mixture extracted with ether. The extract 
was washed, successively, with water, 1% aqueous potassium hydroxide (ethanol was added to 
break the resulting emulsion), and water, dried (MgSO,), and evaporated. The residue was 
taken up in ether, then filtered (omitting this filtration resulted in a product with an unsharp 
m. p.); removal of the ether, followed by crystallisation of the product from ethanol, afforded 
methyl 3-oxohexadecanoate (24 g.) as plates, m. p, 40-5—-41°, raised to 41-—41-5° by two further 
crystallisations from the same solvent (Found ; C, 71-6; H, 11-3. Cale, for C,,H gO, : C, 71-8; 
H, 11-3%) (Stallberg-Stenhagen * records m. p. 40-1"). 

(+)-[Methyl 2(L) ; 4(L)-Dimethyl-9-oxodocosanoate} (1X; K = Me),--Hunsdiecker’s proce- 
dure ™ with the modifications suggested by Stillberg-Stenhagen * was followed. (-+-)-[Methyl 
7-bromo-2(L) : 4(L)-dimethylheptanoate] (1-3 g.; {a}, +-10-9°), sodium iodide (1-7 g.), and dry 
acetone (6 c.c.) were refluxed for 9 hr., and the crude iodo-ester was isolated in the known 
manner. This ester (1-6 g.) was refluxed with methyl 3-oxohexadecanoate (1-6 g.), anhydrous 
potassium carbonate (3 g.), and dry pentan-2-one (15 c.c.) for 20 hr, After addition of water, 
the mixture was extracted with ether, and the ethereal extract dried (MgSO,) and evaporated. 
The residue (2-4 g.) was dissolved in warm benzene (10 c.c.) and added to a solution of potassium 
hydroxide (5 g.) in water (5 c.c,) and methanol (75 ¢.c.). From the mixture at 40—-45° (20 hr.) 
needles were gradually deposited. The whole was then acidified with dilute hydrochloric acid 
and extracted with ether, and the ethereal layer washed with water, dried (MgSO,), and evapor- 
ated, to give the crude keto-acid (2 g.). This was refluxed with methanol (15 c.c.) and con- 
centrated sulphuric acid (0-75 g.) for 5-5 hr.; the mixture was then poured into water and the 
product isolated by ether-extraction, Distillation gave, after a fore-run (0-4 g.), b. p. s10— 
120°/1 mm, (essentially methyl myristate), (-+-)-{methyl 2(L) : 4(L)-dimethyl-9-ox0d 
as a yellow liquid (1-5 g.; 73%, calc. on the bromo-ester), b. p. 182—185°/0-25 mm., n@ 1-4550, 
(a) +-8-0° (c 9-97 in Et,O) (Found: ©, 75-9; H, 12-1. C.H,.0, requires C, 75-7; H. 12-2%). 

The bromo-ester (2-6 g:) with ai? +-5-29° (see above) gave by the same procedure keto-ester 
(2-9 g.) of m@ 1-4549, [a]? +7-5° (c 10-2 in Et,0). 

(+)- 2(L) : 4(L)- -Dimethyldocosanoic Acid (X),—-Amalgamated zinc (40 g.) was added to a 
solution of the above keto-ester of [«],, +8-0° in ethanol (40 c.c.), and a current of hydrogen 
chloride passed into the solution until saturation. After 4 hours’ refluxing the solution was 
again saturated with hydrogen chloride, and this process was repeated three times at 4-br, 
intervals. After addition of water, the mixture was extracted with ether; the dried (MgSO,) 
extract was evaporated, and the residue subjected to a second such reduction, The product, 
isolated as before, was refluxed with potassium hydroxide (1 g.) in water (1 c.c.) and ethanol 
(7 c.c.) for 2 hr. Acidification and isolation of the product with the aid of ether gave a wax 
(1-3 g.), b. p. 220-—230° (bath) /0-15 mm., m, p. 39-—40°; after crystallisation from light petrol- 
eum (b. p. 40-—60°) at —5° the product was obtained as rosettes, m. p. 41-5-—42-5°, (a)® + 4-9° 
(c 5-3 in Et,O) (Found: C, 78-7; H, 13-1. C,,H,,O, requires C, 78-3; H, 13-1%). This acid, 
in acetone, was converted into the quinine salt in the manner already described and the solution 
filtered; water was then added to the warm filtrate until a slight turbidity resulted, Cooling 
and shaking gave the gelatinous quinine salt. The mixture was warmed to effect solution, 
then a little acetone added, and the solution set aside overnight. The quinine salt separated 
as rosettes which after three recrystallisations by the procedure employed for the previous 
crystallisation, followed by decomposition of the salt with dilute hydrochloric acid and ether- 
extraction, afforded the 2(L) : 4(L)-diastereoisomer (0-3 g.) with [a)} + 7-0° (¢ 5-45 in Et,O); 
after a further formation and crystallisation of the quinine salt, the regained acid had (a}?* + 7-4° 
(c¢ 3-76 in Et,O), The p-bromophenacy] ester crystallised from ethanol as plates, m. p, 71° 
(Found ; C, 68-2; H, 9-3; Br, 13-8. Calc. for C,,H,,O,Br: C, 67-9; H, 4; Br, 141%); on 
admixture with the p-bromopheiacyl ester derived from the oxidation product of mycolipenic 
acid (m. p, 69°; in the previous communication * m, p. 68° was recorded) the m. p. was 69-5— 
70-5". 
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401. The Reaction of 2-Acetamido-2-deoxy-p-glucose with 
Ethanethiol and Hydrochloric Acid. 


By L. Hoven and Maumoup I. Tana. 


The products obtained from the condensation of 2-acetamido-2-deoxy-p- 
glucose with ethanethiol in the presence of hydrochloric acid at room tem- 
perature have been separated by chromatography on cellulose, and charac- 
terised as 2-acetamido-2-deoxy-p-glucose diethyl dithioacetal, 2-acetamido- 
2-deoxy-a-D-glucopyranosylthioethane, 2-acetamido-2-deoxy-$-p-glucopyr- 
anosylthicethane, and 2-amino-2-deoxy-p-glucose hydrochloride. 


2-ACETAMIDO-2-DEOXY-D-GLUCOSE DIETHYL DITHIOACETAL (V) was required for oxidation 
to the diethylsulphonyl derivative in order to compare the properties of the latter with 
those of similar derivatives prepared from pentose and hexose diethyl dithioacetals.' 
2-Acetamido-2-deoxy-b-glucose (1; R = H) (N-acetyl-p-glucosamine) was prepared from 
2-amino-2-deoxy-D-glucose (p-glucosamine) hydrochloride by an improved method,” 
involving acetylation to the penta-acetate (1; R = Ac), followed by de-O-acetylation 
with alcoholic ammonia (cf. White,’ Kuhn, and Haben,* and Roseman and Ludowieg °). 
2-Acetamido-2-deoxy-p-glucose (1; R =H), ethanethiol, and hydrochloric acid were 
allowed to react for 24 hr. at room temperature, and subsequent examination ! of the 
products on paper chromatograms revealed at least five components. Separation of the 
mixture by chromatography on a column of cellulose * afforded five crystalline materials, 
of which three might be expected, namely, unchanged 2-acetamido-2-deoxy-p-glucose 
(1; K = H) (12%), 2-amino-2-deoxy-p-glucose hydrochloride (29°) (formed by de-N- 
acetylation 7* of the former), and 2-acetamido-2-deoxy-p-glucose diethyl dithioacetal (V) 
(24%). The last was obtained by Wolfrom and Anno ® in 81°, yield by carrying out the 
reaction at 0° for 24 hr. 

Analysis of the two other (unknown) crystalline materials (X and Y) revealed that 
they were isomers (CgH,gO,5N) each containing one N-acetyl and one ethylthio-function. 
The absence of a coloration with p-anisidine hydrochloride on paper chromatograms 
suggested that the ethylthio-radical in both was probably located at Cy). On acetylation 
they afforded crystalline tri-O-acetyl derivatives, thus suggesting the presence of a ring 
structure involving one of the hydroxyl groups. This conclusion was supported by periodate 
oxidation experiments in which no formaldehyde was detected. Reductive de-sulphuris- 
ation '” of the compound (X) ({a],, +-175°) with Raney nickel in ethanol gave crystallin< 
2-acetamido-1 ; 5-anhydro-2-deoxy-p-glucitol (VIII; R =H) which was characte: ised 
by the formation of a crystalline triacetate (VIIT; R = Ac) and by its rapid consumption 
of 1 mol. of metaperiodate without simultaneous liberation of formic acid or formaldehyde, 
The compound (X) was thus identified as a 2-acetamido-2-deoxy-p-glucopyranosylthio- 
ethane (¢.g., VIL; R =H). The compound (Y) (/«],, —55°) was similar since it formed 
a crystalline triphenylmethyl derivative, and gave no formaldehyde on oxidation with 
metaperiodate, indicating, respectively, a free hydroxyl group at Cy, but none at C;,). 
Reductive desulphurisation of the compound (Y) using either fresh or aged Raney nickel 
gave none of the deoxy-compound (VIII; R =H), but only 2-acetamido-2-deoxy-p- 
glucose ([; R «= H). In one case only has this reaction been reported to cause desulphur- 
isation of a glycosylthioethane to the corresponding reducing sugar, namely, the reaction 
of tetra-acetylstreptobiosaminosylthioethane diethyl dithioacetal with aged Raney nickel 
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to give tetra-acetyldeoxydihydrostreptobiosamine.'! Clearly the two compounds (X and 
Y) were the a- and the §-isomer of 2-acetamido-2-deoxy-p-glucopyranosylthioethane 
(VII and III; R == H), and application of Hudson's * " rules of isorotation indicated the 
configurations at the anomeric carbon atom. Compound (Y) had a molecular rotation 
of —14,600° (A +B; where A is the molecular rotation due to the asymmetric Cy) and 
B is that due to the rest of the molecule) and by using a value of -+-10,200° for B, derived 


CH;OR CH;OR CH;OR 


” 
On OW 


OH 


CH;0H 


from the molecular rotations of a- and §-isomers of methyl 2-acetamido-2-deoxy-pn- 
glucopyranoside, Agp:(H,O) was found to be —24,800°, thus indicating the $-configuration 
(IIIf; R =H). Compound X was recognised as the «isomer (VIL; R = H) since it 
showed a molecular rotation of +46,300° which gave Agy(H,O) +36,100°, Wolfrom, 
Olin, and Polglase *® obtained Agy:(CHCl,) + 35,500° for 2-acetamido-2-deoxy-a-p- 
glucofuranosy)thioethane. 
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Methanolysis *® of 2-acetamido-3 : 4: 6-tri-O-acety!]-2-deoxy-$-p-glucopyranosylthio- 
ethane (I1]; R = Ae) with mercuric chloride in methanol containing cadmium carbonate 
yielded methyl 2-acetamido-3 : 4 ; 6-tri-O-acetyl-2-deoxy-6-p-glucoside (VI; R = Ac), 
thus confirming the assignment of the pyranose structure to the original thioethane 
derivative (II1; R= H). Retention of configuration at C,) is probably the consequence 
of participation by the neighbouring acetamido-group, giving rise to the cyclic carbonium 
ion (Il; Ke Ac) and thus facilitating the methanolysis. De-O-acetylation of this 6- 
glucoside (VL; R = Ac) with alcoholic ammonia gave rise to (mainly) methyl 2-acetamido- 
2-deoxy-¢-—D-glucopyranoside (VI; KR =H) which was identical with an authentic 
specimen ' kindly provided by Professor Gyérgy. A little of the «-p-glucoside derivative 
was also isolated and presumably it arose by inversion during the deacetylation reaction. 
The a-D-ghucopyranosylthioethane derivative (VII; R = Ac) was resistant to methanolysis 
under the above conditions, and this failure to react is undoubtedly due to the difference 
in stereochemistry at Cy) since in this case the thioethyl group is in the axial position, 
preventing participitation by the neighbouring equatorial acetamido-group (see VIIa). 
This difference in reactivity of the « and the 6-isomer (VII; III; R = Ac) is also illustrated 
in the above Raney nickel desulphurisation experiments. 

The isolated 2-acetamido-3 : 4 : 6-tri-O-acetyl-2-deoxy-$-p-glucopyranosylthioethane 
(IIL; Kk « Ae) was identical with that synthesised by mercaptolysis '’ of 2-acetamido- 
1:3: 4+: 6-tetra-O-acetyl-2-deoxy-a-p-glucose (1; R= Ac) with ethanethiol and zinc 
chloride. This reaction proceeded with inversion at C;,), probably as the result of cleavage 
of the C,,-to-acetoxy-bond with the formation of the oxonium ion (IV; R= Ac). This 
ion would be stabilised as the cyclic carbonium ion (IL; R = Ac) by neighbouring-group 
participation and would lead exclusively to the (-configuration. This mechanism was 
proposed by Lemieux and Brice!’ for a similar mercaptolysis of $-bD-mannopyranose 
penta-acetate which proceeded with inversion, whereas with «-D-mannopyranose penta- 
acetate retention of configuration was observed, suggesting the participation of the 
neighbouring acetoxy-group. Winstein and Heck }* have given evidence for such ion-pair 
intermediates in various rearrangements and in general they are associated with processes 
involving neighbouring-group participation. 

Acid-catalysed reactions of glycosides at the anomeric C,) have been interpreted by 
conformational analysis ™®%?! and by assuming the occurrence of oxonium-ion inter- 
mediates. Likewise acid-catalysed anomerisations of acetylated monosaccharides have 
been satisfactorily explained, although here neighbouring-group participation also 
plays a large part. Such intermediates probably account for the fact that, when 2-acet- 
amido-2-deoxy-D-glucose diethyl dithioacetal (V) and the «- and the §-isomer of 
2-acetamido-2-deoxy-b-glucopyranosylthioethane (VII and III; R = H) were separately 
treated with ethanethiol and hydrochloric acid at room temperature for 24 hr., they each 
yielded a mixture of the three, as indicated by paper chromatography, thus suggesting that 
in this reaction they are in equilibrium one with another (7.c., VI==V = TIII). On 
treatment with hydrochloric acid alone, each compound was hydrolysed, giving a mixture 
of 2-amino-2-deoxy-D-glucose and its N-acetyl derivative. 

Of the two isomeric 2-acetamido-2-deoxy-D-glucopyranosylthioethanes isolated, the 
é-isomer predominated, probably because the rate-limiting step in the reaction of 2-acet- 
amido-2-deoxy-pD-glucose is the dissociation of the hydroxyl group from Cy). This process 
is facilitated by participation of the neighbouring acetamido-group with the formation of 
the eyelic carbonium ion (I1; R = H), which can only give rise to the f-isomer. The 
a-isomer was conceivably formed by a less favoured process, involving the intermediary 
oxonium ion (IV; R = H), and conformational analysis *° leads to the prediction that the 
most likely route would be through the half-chair form ([Va). Attack by the ethylthio-ion 


** Baker, Canad, ]. Chem., 1956, 33, 1102, 

'’ Lemieux and Brice, tud., 1955, 38, 109. 

‘* Winstein and Heck, ]. Amer. Chem. Soc,, 1962, 74, 5584. 

'* Foster and Overend, Chem. and Ind., 1955, 566 

* Edward, tbid., 1965, 1102 

*! Huber, Helv. Chim. Acta, 1955, $8, 1224. 

** Lemieux, Brice, and Huber, Canad. J]. Chem., 1956, 33, 134, 149. 
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could then occur either from beneath the plane of the ring, giving the e-isomer (VITa), 
in which’ all the functional groups except the ethylthio-group would be equatorial, or 
from above to give the $-isomer; but the latter process is Jess likely since it would lead to 
a conformation in which all the substituent groups are axial. 

Jeanloz and Forchielli® oxidised 2-amino-2-deoxy-p-glucose, 2-acetamido-2-deoxy-p- 
glucose, and methyl 2-acetamido-2-deoxy-«-p-glucopyranoside with sodium metaperiodate 
in the dark at 5° and pH 4-5, and obtained theoretical results for the consumption of 
periodate, the side reactions being at a minimum under these conditions. In the work 
described herein, oxidations were carried out with unbuffered sodium metaperiodate 
in the dark at room temperature so that the acid liberated could be titrated. In the case 
of 2-acetamido-2-deoxy-p-glucose (I; RK =H) and methyl 2-acetamido-2-deoxy-a-p- 
glucopyranoside, one mol. of oxidant was rapidly consumed, followed by over-oxidation 
which was rather fast in the former case, but much slower in the latter. These results 
suggest that 2-acetamido-2-deoxy-p-glucose is oxidised in the pyranose ring form and 
substantiate the conclusion of previous workers ™*5 that an «-acetamido-f-hydroxy- 
structure is relatively stable to periodate oxidation. The «and the §-isomers of 2-acet- 
amido-2-deoxy-p-glucopyranosylthioethane each rapidly consumed about two mols, of 
oxidant, the former faster than the latter, with the formation of only a trace of acid, 
followed by a slow over-oxidation. Clearly the introduction of an ethylthio-group has 
caused the cor.,umption of an extra mol, of periodate over the theoretical and subsequent 
experiments have lead us to the conclusion that structures containing alkylthio-groups 
on carbon atoms adjacent to carbon atoms substituted by hydroxyl, amino, or acetamide, 
are attacked by periodate with disruption of the carbon-carbon bond. 1: 1-Di(ethylthio)- 
ethan-2-ol readily consumed one mole of periodate with the simultaneous liberation of 
one mol. of formaldehyde. This was followed by a slow over-oxidation, presumably of 
the sulphur atoms. Under the same conditions, p-galactose diethyl dithioacetal rapidly 
consumed 5 mols. of periodate with the formation of 4 equiv. of acid. On the other hand, 
2-acetamido-2-deoxy-p-glucose diethyl dithioacetal readily consumed six mols, of 
periodate with the simultaneous liberation of one mol. of formaldehyde and three equiv. of 
acid. These abnormal results call for further investigation before any other generalisations 
can be made. 


EXPERIMENTAL 


Paper chromatography was carried out on Whatman No. | filter paper by the descending 
method with (i) butan-l-ol-ethanol-water (40:11:19 v/v); (ii) butan-1l-ol~pyridine~water 
(10: 3:3 v/v), or (iii) ethyl acetate-acetic acid~water (9: 2:2 v/v) as mobile phase. The 
separated substances were detected with (a) 4%, ammonical silver nitrate reagent, (b) p-anisidine 
hydrochloride * in butan-l-ol-ethanol-water, or (c) ninhydrin in butan-l-ol. Solutions were 
evaporated under reduced pressure. Optical rotations are at ca. 20° and, unless otherwise 
stated, in water. 

2-Acetamido-1 : 3: 4 - 6-tetra-O-acetyl-2-deoxy-a-)-glucose.—-A stirred mixture of 2-amino-2- 
deoxy-p-glucose hydrochloride (13 g.) (prepared from crab shells which were kindly provided 
by Mac Fisheries Ltd.), dry pyridine (100 g.), and acetic anhydride (100 ml.) was heated at 
95—-100° for 5 hr.; solution was then complete and the mixture was poured into ice-water 
(ca. 1 1.), the acetylated product was extracted with chloroform (3 x 100 ml.), and the combined 
extracts were washed successively with 2n-hydrochloric acid (2 x 100 ml.), 2n-sodium hydrogen 
carbonate solution (2 x 100 ml§, and water, and dried (MgSO,). Subsequent concentration 
gave a brown syrup which was decolorised (charcoal) in hot methanol; evaporation of this 
solution yielded a pale yellow syrup (19-0 g., 78%) which crystallised. Recrystallisation from 
ether gave needles, m. p. 138°, [a], +91° (c¢ 2-0 in CHCI,) (Found: C, 49-6; H, 6-7; N, 3-5, 
Calc. for CygHyON: C, 49-4; H, 6-0; N, 36%). Hudson and Dale™ record m, p. 139— 
140°, {«]},, + 93° (in CHCI,). 

2-Acetamido-2-deoxy-a-D-glucose.—Dry ammonia gas was bubbled for 30 min. through an 
ice-cold solution of 2-acetamido-1 : 3: 4: 6-tetra-O-acetyl-2-deoxy-a-p-glucose (18 g.) in 

* Jeanloz and Forchielli, J. Biol, Chem., 1951, 188, 361. ; 

“ Nicolet and Shinn, J. Amer. Chem, Soc,, 1939, 61, 1615. 


% Neuberger, J., 1941, 47. 
** Hudson and Dale, /. Amer. Chem. Soc., 1916, 38, 1431. 
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methanol (60 ml.), and the solution stored at room temperature for 1 hr. Subsequent concen- 
tration gave a pale yellow syrup (10 g., 98%) which crystallised on trituration with acetone. 
After recrystallisation from methanol-ether, the 2-acetamido-2-deoxy-a-p-glucose had m. p. 
200°, [a), + 78° (initial) (¢ 2-34) (Found: C, 43-4; H, 69; N, 665; Ac, 19-0, Calc. for 
C,H,,O,N: C, 43-4; H, 68; N, 63; Ac, 195%). White* records m. p. 196°, [a], +-75° 
(initial). 

Reaction of 2-Acetamido-2-deoxy-a-v-glucose with Ethanethiol and Hydvochloric Acid and 
Separation of the ProductsA mixture of 2-acetamido-2-deoxy-p-glucose (15 g.), concentrated 
hydrochloric acid (26 ml.), and ethanethiol (20 ml.) was shaken until a homogeneous solution 
was obtained, After 24 hr., the solution was diluted with methanol (200 ml.) and neutralised 
with lead carbonate, and the insoluble lead salts were filtered off and washed with hot methanol 
(200 ml.). Concentration of the combined filtrate and washings yielded a pale yellow syrup 
(12 g.) which when examined on paper chromatograms with spray (a) was observed to contain 
at least four products [R, 0-67, 0-48, 0-42, 0-06; solvent (i)}, The syrup was fractionated on 
a column of cellulose with solvent (i) as mobile phase, Four fractions were obtained. 

Fraction 1 gave crystals (5-4 g., 24:3%) of 2-acetamido-2-deoxy-p-glucose diethyl dithio- 
acetal, This, on recrystallisation from methanol-ether, afforded needles with m. p. 132°, 
[a], ~20-3° (¢ 1-5) (Found: C, 441; H, 7-7; S, 108; N, 44; Ac, 12-7. Calc. for 
CygHy,O,NS,: C, 440; H, 7-6; S, 19-6; N, 4:3; Ac, 13-3%). Wolfrom and Anno ® record 
m. p. 129-5-—130-5°, (a),, ~35° and Kent ” found m, p. 121—-122°, [a], —24°. 

Fraction 2 gave 2-acetamido-2-deoxy-a-b-glucopyranosylthioethane (1-7 g., 95%) which on 
recrystallisation from methanol-ether had m. p. 228°, [a], + 175° (c 0-8) (Found: C, 45-1; 
H, 7-2; S, 122; N, 61; Ac, 15-9. C,H,O,NS requires C, 45-3; H, 7-2; S, 12-1; N, 5-3; 
Ac, 162%). 

Fraction 3 gave needles of 2-aceltamido-2-deoxy-B-p-glucopyranosylthioethane (3-0 g., 16-7%, 
which on recrystallisation from methanol had m, p, 215°, [a], —55° (¢ 1-0) (Found: C, 45-0; 
H, 7-3; S, 11-0; N, 6-2; Ac, 16-7%). 

Fraction 4 gave crystals (4-0 g., 28-8%) of 2-amino-2-deoxy-p-glucose hydrochloride. 
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2-Acetamido-3 ; 4: 6-tri-O-acetyl-2-deoxy-a-D-glucopyranosylthioethane,-A mixture of 2- 
acetamido-2-deoxy-«-p-glucopyranosylthioethane (fraction 2) (0-1 g.), dry pyridine (2 ml.), 
and acetic anhydride (2 ml.) was set aside at room temperature for 24 hr. and then poured into 
ice water (ca, 20 ml.), The product was worked up as above and subsequent concentration of 


the chloroform solution gave the acetate as needles (0-11 g.) which after recrystallisation from 
ether had m, p. 73°, [a]) +-151-5° (c 2-79 in MeOH) (Found : C, 49-0; H, 6-3; S, 7-85; N, 3-7, 
CygllygO,NS requires C, 49-1; H, 6-4; S, 82; N, 3-6%). 

2-Acetamido-1 : 5-anhydro-2-deoxy-v-glucitol—-A mixture of 2-acetamido-2-deoxy-a-p- 
glucopyranosylthioethane (fraction 2) (0-2 g.) and fresh Raney nickel (1 g.) suspended in absolute 
ethanol (25 ml.) was heated under reflux for4hr. After filtration and concentration a crystalline 
product (0-085 g.) was obtained which on recrystallisation from methanol-ether gave the 
glucitol a8 plates, m, p. 190° (Found: C, 46-6; H, 7-2; N, 6-6. C,H,,O,N requires C, 46-8; 
H, 7-3; N, 68%). 

2-Acetamido-3 : 4: 6-tri-O-acetyl-1 : 6-anhydro-2-deoxy-p-glucitol (36 mg.) was obtained 
from the triol (40 mg.) as above, and after recrystallisation from ether had m. p, 164° (Found : 
C, 51-0; H, 65; N, 41. Cy,H,,O,N requires C, 50-7; H, 6-3; N, 42%). 

2-Acetamido-2-deoxy-6-O-triphenylmethyl-8-p-glucopyranosylthioethane.—-To a solution of 
2-acetamido-2-deoxy-$-p-glucopyranosylthioethane (fraction 3) (0-1 g.) in dry pyridine (5 ml.) 
at 0° was added triphenylchloromethane (0-2 g.), After being kept overnight at room tem- 
perature the crystals (0-077 g.) of triphenylmethanol hydrochloride “ were filtered off and the 
filtrate was poured into ice-water (20 ml.), The oil which separated was washed several times 
with water and then dissolved in methanol (50 ml.). A small amount (0-06 g.) of triphenyl- 
methanol was filtered off, and, on cooling, the filtrate yielded crystals of 2-acetamido-2-deoxy- 
6-O0-triphenylmethyl-8-b-glucopyranosylthioethane which were collected and dried on a porous tile, 
After reerystallisation from methanol, they had m. p. 95° (Found: C, 68-7; H, 63; S, 6-8; 
N, 2-4. CyHyO,NS requires C, 68-6; H, 6-5; S, 6-3; N, 2.8%). 

2-Acetamido-3 : 4: 6-tri-O-acetyl-2-deoxy-8-D-glucopyranosylthioethane.—(1) 2-Acetamido-2- 
deoxy-$-p-glucopyranosylthioethane (fraction 3) (1-0 g.), as above, yielded the acetate (1-1 g.) 
which after recrystallisation from ether had m, p. 181°, (a), —38-0° (c 1-00 in MeOH) (Found : 
C, 40-2; H, 62; S, 7-7; N, 3-7. CygH,,O,NS requires C, 49-1; H, 6-4; S, 82; N, 36%). 


*? Kent, Research, 1960, 3, 427. 
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The m. p. was not depressed on admixture with authentic 2-acetamido-3 : 4 ; 6-tri-O-acetyl-2- 
deoxy-$-b-glucopyranosylthioethane obtained by synthesis as follows. 

(2) A mixture of 2-acetamido-] : 3: 4: 6-tetra-O-acetyl-2-deoxy-a-p-glucose (2:5 g.) and 
anhydrous zinc chloride (1-5 g.) in ethanethiol (10 ml.) was shaken at 0° until dissolution was 
complete (24 hr.) This solution was poured with stirring into a saturated solution of sodium 
hydrogen carbonate (100 ml.), and the acetate extracted with chloroform (3 x 10 ml.). The 
combined chloroform extracts were washed with water and dried (MgSO,), Subsequent 
concentration gave needles (1-0 g.) which after two recrystallisations from ether had m., p. 
181°, [a), —35-4° (c 1-4 in CHCI,) (Found: C, 48-8; H, 6-2; 5,80; N,3-7%), 

Methyl 2-Acetamido-3 : 4: 6-tri-O-acetyl-2-deoxy-}-D-glucopyranoside.—-A_ mixture of 2- 
acetamido-3 : 4 : 6-tri-O-acetyl-2-deoxy-8-p-glucopyranosylthicethane (1-0 g.), cadmium car- 
bonate (5-0 g.), and mercuric chloride (2-0 g.) in methanol (50 ml.) was heated under reflux 
with stirring for 4 hr, and then set aside overnight at room temperature. Insoluble material 
was filtered off and washed with hot methanol (2 x 50 mi.), and the combined filtrate and 
washings were concentrated to dryness. The residue was dissolved in chloroform (50 ml.), 
washed with saturated potassium iodide solution (2 x 25 ml.) and then with distilled water 
(25 ml.), and dried (MgSO,), Subsequent concentration gave crystals (0-5 g.) which after 
recrystallisation from ether had m. p. 160°, {x],, —21° (¢ 2:7 in MeOH) (Found; C, 49-7; H, 6-4; 
N, 3-7; OMe, 8-1. Calc, for C,,H,,0,N : C, 49-9; H, 6-4; N, 3-0; OMe, 8-6%). Moggridge 
and Neuberger 7? record m., p. 159°, [a], —21° (in MeOH), 

Methyl 2-Acetamido-2-deoxy-8-b-glucopyranoside and Methyl 2-Acetamido-2-deoxy-a-D-gluco- 
pyranoside.Dry ammonia gas was passed for 30 min. through an ice-cold solution of methyl 
2-acetamido-3 : 4: 6-tri-O-acetyl-2-deoxy--p-glucopyranoside (0-4 g.) in dry methanol (25 ml.,), 
The solution was kept at room temperature for 1 hr. and then concentrated to a pale yellow 
syrup which showed two components on the paper chromatogram [Ry 0-39 and 0-35; solvent (i)] 
with spray (a), The two components were separated by chromatography on a sheet of filter 
paper (18-25" x 22-5") with solvent (i) and extracted from the appropriate parts of the chromato- 
gram with hot methanol, and the methanol extracts were concentrated. The component 
(Rp 0-39) crystallised (0-20 g.) and after two recrystallisations from methanol-ether yielded 
methyl 2-acetamido-2-deoxy-$-p-glucopyranuside,“ m. p, and mixed m, p, 200°, [a], —41-7° 
(c 1-2) (Found: C, 46-0; H, 7:2; N, 56-8; OMe, 14-0, Calc. for C,H,,O,N: C, 46-0; H, 7-2; 
N, 60; OMe, 13-2%). Neuberger and Pitt-Rivers™ record m. p. 195-—-196", [a], —43°. 
Zilliken, Rose, Braun, and Gyérgy “ record m. p, 204-—-205°, [a],, —44:3°. The other component 
(Ry 0-36) was methyl 2-acetamido-2-deoxy-«-p-glucopyranoside (0-036 g.) which after two 
recrystallisations from methanol-ether had [a], -+-118° (c¢ 0-9), m, p. 189° undepressed on 
admixture with authentic specimen obtained from 2-acetamido-2-deoxy-p-glucose by Zilliken, 
Rose, Braun, and Gyérgy’s method ™ (they record m. p. 187-188", [a], +131-5°). Neuberger 
and Pitt-Rivers * record m. p, 188—189°, [a], +104”. 

Attempted methanolysis of 2-acetamido-3 : 4 : 6-tri-O-acetyl-2-deoxy-a-b-glucopyranosyl- 
thioethane as above resulted in a 100% recovery of the starting material, 

Reductive Desulphurisation of 2-Acetamido-2-deoxy-f-v-glucopyranosylthioethane (Fraction 
3).—2-Acetamido-2-deoxy-f-p-glucopyranosylthioethane (0-25 g.) was treated with fresh Raney 
nickel as described above, yielding a crystalline product (0-1 g.), which when examined on paper 
chromatograms was observed to contain none of the 2-acetamido-1l : 6-anhydro-2-deoxy-p- 
glucitol. Recrystallisation from methanol-ether gave needles with m. p. 198°, undepressed 
on admixture with authentic 2-acetamido-2-deoxy-p-glucose and indistinguishable from it on 
paper chromatograms, An aged specimen of Raney nickel gave the same result, 

1 : 1-Di(ethylthio)ethan-2-ol,—Glycollaldehyde (1-0 g.) was treated with ethanethiol as above, 
yielding an oily product (1-6 g.) which was twice distilled, b. p. 240° (bath-temp.)/15 mm, 
(Found: C, 43-9; H, 8-6. C,H,,OS, requires C, 43-4; H, 84%). 

Periodate Oxidation Experiments,In each case, a mixture of ca, 0-3m-sodium periodate 
(2 ml.) and the compound (25-30 mg. accurately weighed) was made up to 25 ml, with water 
and stored in the dark, Under these conditions, iodine was not liberated, but if larger quantities 
of either the compound or sodium metaperiodate were used, then iodine was formed (cf. Bonner 
and Drisko™). A blank containing none of the compound was worked concurrently. At 
intervals, the periodate uptake was estimated by transferring samples (2 ml.) from the oxidation 
mixture and the blank into mixtures of phosphate buffer (pH 6-98; 25 ml.) and 20% potassium 
iodide solution (1 ml.), and the liberated iodine titrated with 0-01n-sodium thiosulphate solution, 


** Helferich, Moog, and Jtinger, Ber., 1925, 68, 872 
* Bonner and Drisko, /. Amer. Chem. Soc., 1951, 78, 3699. 
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starch being used as indicator.” Acid was determined ™ by taking samples (2 ml.) from the 
oxidation mixture and from the blank, adding ethylene glycol (1 ml.), and after 10 min. titrating 
it with 0-01n-sodium hydroxide (methyl-red, screened with methylene-blue). Formaldehyde 
was determined colorimetrically with chromotropic acid according to O’Dea and Gibbon’s 
method ,** p-glucose being used as standard, The results are given in the following Table. 


Results of periodate oxidation experiments. 


Compound thr. Lhr, 2 hr. 
2-Acetamido-2-deoxy-p-glucose Acid ? a 4 
Meth yl 2-acetamido-2-deoxy-a-p-glucopyranoside { 4 hig é = 1-06 
2-Acetamido-2-deoxy-a-p-glucopyranosylthio- , 1-20 

ethane i 10 0-20 
2-Acetamido-2-deoxy-f-b-glacopyranosylthio- G 1-70 
ethane Acid ° 0-20 
1 : 1-Di(ethylthio) ethan-2-ol ‘ ads 414 
b-Galactose diethyl! dithioacetal i hee 
p-Galactose diethyl dithioacetal penta-acetate .., 0-45 
1: 6 Anhydro-2-acetamido-2-deoxy-p-glucitol io 
2-Acetamido-2-deoxy-p-glucose diethyl dithio- 95 6-02 
acetal i 3-20 ; 


* Moles/mole of compound oxidized. 
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402. Carcinogenic Nitrogen Compounds. Part XIX.* 
The Aptitude of Some Aminoquinolines for Cyclisation. 


By No. Px. Buu-Hol, Rent Royer, and Micne, Hupert-HABart. 


6- and 8-Hydroxyquinoline are shown to undergo iodine-catalysed con- 
densation reactions with primary arylamines to give the corresponding aryl- 
aminoquinolines, which afforded diaza-arsaphenanthrenes on cyclisation with 
arsenic trichloride but failed to give diazabenzanthracenes or diaza-arsabenz- 
anthracenes, 3-Aminoquinoline underwent the Skraup reaction to give 
1 : 9-diazaphenanthrene. 


As a sequel to the study of relations between carcinogenic activity and chemical structure 
in the benzacridine,! benzocarbazole,* and benzophenarsazine ® series, a similar investig- 
ation of compounds with two heterocyclic nitrogen atoms was indicated, and a simple 
approach seemed to be to start from readily accessible aminoquinolines and to study 
their aptitude to undergo various types of cyclisation. 

It is known that 3-aminopyridine, unlike the 2- and the 4-isomer, undergoes the Skraup 
reaction with formation of 1; 5-naphthyridine;* 3-aminoquinoline has now been found 
likewise susceptible to Skraup cyclisation, although yields were very low. The product 


* Part XVIII, Buu-Hol and Jacquignon, J., 1956, 1515, 


* See Lacassagne, Buu-Hol, Daudel, and Zajdela, Adv. Cancer Kes., in the press, 

* Lacassagne, Buu-Hol, Royer, and Zajdela, Compt. rend. Soc. Biol., 1947, 141, 635; Lacassagne, 
Buu-Hol, Zajdela, and Xuong, Bull. Cancer, 1055, 42, 3. 

* Lacassagne, Rudali, Buu-Hol, and Royer, Compt, rend. Soc. Biol., 1961, 145, 1451. 

* Bobranski and Sucharda, Ber., 1927, 60, 1081; Rath, D.R.-P. 507,637; Chem. Abs., 1931, 26, 716. 
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was not, however, the expected linear | : 10-diaza-anthracene (1), but the angular 1 ; 9- 
diazaphenanthrene (Il), as its ultraviolet spectrum (Figure) resembled those of phenan- 
thridine and 5 : 6-benzoquinoline, and solutions of its salts did not show the fluorescence 


characteristic of the acridine series. Thus, as regards Skraup cyclisation, position 2 in 
pyridine is more reactive than position 4, whilst with quinoline the reverse is true. The 
present experimental results tally with the theoretical computation of free valency indices 
for pyridine and quinoline effected through the molecular orbital method.® Hauser and 
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Reynolds ® claimed to have obtained linear benzonaphthyridines from 3-aminoquinoline 
and ethy! acetoacetate or ethyl ethoxymethylenemalonate, but did not prove the constitu- 
tion of their products, 

3-Aminoquinoline does not undergo the Combes reaction? with acetylacetone in the 


® Sandorfy, Vroelant, Yvan, Chalvet, and Daudel, Bull. Soc. chim. Prance, 1960, 17, 304; Puliman 
and Pullman, ‘' Les théories électroniques de la chimie organique,’ Masson, Paris, 1962, pp, 612, 616 

* Hauser and Reynolds, /. Org. Chem., 1950, 15, 1224 

? Combes, Compt. rend., 1888, 106, 1536. 
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presence of phosphoric acid. The same reaction, performed with 2 : 6-diaminopyridine, 
resulted in 7-amino-2 ; 4-dimethyl-1 : 8-naphthyridine, in confirmation of the literature,* 
but a Skraup reaction could not be effected with the latter amine. 

6- and 8-Hydroxyquinoline could be condensed with primary arylamines in the presence 
of iodine ® to give the corresponding 6- and 8-arylaminoquinolines, although the reaction 
proceeded with more difficulty than with a- and $-naphthol. These arylaminoquinolines 
failed to undergo Bernthsen acridine cyclisations with acetic anhydride and zinc chloride.” 
N-(2: 4-Xylylamino)quinoline also failed to give a diaza-anthracene derivative when 
heated with lead oxide under the conditions of the Ullmann—La Torre reaction."4 Such 
inertness was unexpected in view of the ease with which Senier and Compton # obtained 
diazadibenzanthracenes from 6-aminoquinoline, methylene iodide, and «- and $-naphthol. 
Less surprising was the failure to obtain a benzophenothiazine from 6-anilinoquinoline, 
sulphur, and iodide, in view of Petrow and Rewald’s similar observations with 4-anilino- 
and 4-p-acetamidoanilino-quinaldine.“ 6-Anilino- and 6-p-toluidino-quinoline, however, 
reacted readily with arsenic trichloride to give hydrochlorides of substances which, in view 
of the known higher reactivity of position 5 in the quinoline molecule than of 
position 7 (cf. ref. 5), were taken to be 9-chloro-9 : 10-dihydro-10 : 4’-diaza-9-arsa-1 : 2- 
benzanthracene (II1; R =< H) and its 7-methyl homologue (II1; R = Me), rather than 
the linear isomers. Slater recorded two similar compounds prepared by cyclisation of the 
appropriate quinolylaminophenylarsonic acids. 

Biological examination showed the 6-arylaminoquinolines to produce ready epilation 
when painted on mice, but no skin tumours were obtained (Dr. F. Zajdela); no tuber- 
culostatic activity or protective effects against X-irradiation of mice were detected. The 
phenarsazine derivatives (III) had sternutatory properties. 


EXPERIMENTAL 

1: 9 Diazaphenanthvene (I1).---A mixture of 3-aminoquinoline ” (20 g.), arsenic acid (17 g.) 
glycerol (35 g.), and sulphuric acid (95 g.) was cautiousiy heated until a violent reaction set in. 
Once the reaction had subsided, the dark liquid was heated at 200-—210° for 5 hr, and, on cooling, 
poured in water, After basification with sodium hydroxide, the black solid formed was re- 
peatedly extracted with benzene, and the insoluble fraction filtered off. The residue obtained 
on evaporation was dissolved in ethanol, and picric acid was added, 1: 9-Diazaphenanthrene 
monopicrate (1 g.) crystallised as yellow prisms, m. p. 231—--232° (decomp. > 222°), from nitro- 
benzene (Found; N, 17:3. CysH,,O,N, requires N, 17:1%). The free base obtained on 
basification crystallised from light petroleum (b. p. 45-—-60°) as pale yellow needles (0-2 g.), 
m. p. 114° (Found: C, 70-7; H, 42; N, 15-2. Cy,H,N, requires C, 80-0; H, 4:4; N, 15-56%), 
giving a yellow halochromy in pure sulphuric acid; dilution with water resulted in colourless 
solutions with no visible fluorescence. 3-Aminoquinoline, treated with acetylacetone and 
phosphoric acid under the conditions of the Combes reaction,’ was recovered unchanged. 

6-A nilinoquinoline.—6-Hydroxyquinoline (35 g.; m.p. 194°) was readily prepared by 
refluxing for 4 hr. 6-methoxyquinoline (50 g.) with redistilled pyridine hydrochloride (200 g.) ; 
the solid precipitated on dilution with water and adjustment to pH 7 was collected and re- 
crystallised from ethanol. A mixture of this compound (20 g.) and aniline (15 g.) was refluxed 
with iodine (0-5 g.) for 50 hr., and the product taken up in benzene; the benzene solution was 
washed with aqueous sodium hydroxide, then with water, and dried (Na,SO,), and the solvent 
evaporated, Distillation in vacuo of the residue afforded 6-anilinoguinoline, b. p. 252—253°/15 
mm., which formed yellowish prisms (8 g.), m. p, 175°, from ethanol (Found: N, 12-4. 
C,,H,y,N, requires N, 12-7%). This amine gave a monopicrate which crystallised as orange- 
yellow prisms, m, p, 224-—-225° (decomp. > 208°), from nitrobenzene (Found: C, 56-1; H, 3-3; 


* Bernstein, Stearns, Shaw, and Lott, /. Amer. Chem. Soc., 1947, 68, 11657. 
* Knoevenagel, /. prakt. Chem., 1914, 89,1; Buu-Hoi, /., 1952, 4346. 
Cf. Buu-Hol and Lecocq, Compt. rend., 1944, 218, 792; Buu-Hoi, /., 1946, 792. 
Ulimann and La Torre, Ber., 1004, 37, 2922; Buu-Hol, /., 1949, 670 
Senier and Compton, J., 1909, 95, 1632. 
Cf. Buu-Hol, Rev. sci., 1945, 88, 170. 
Petrow and Rewald, /., 10945, 592. 
Slater, J., 1931, 107, 1939. 
Mills and Watson, /., 1010, 97, 746. 
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N, 15-6. C,,H,,0,N, requires C, 56-1; H, 3-2; N, 154%). Cobenzl " reported a successful 
Skraup reaction with 4-aminodiphenylamine, but did not describe the resulting 6-anilinoquino- 
line. No phenothiazine derivative was obtained on heating the last-named compound (1 mol.) 
at 180° with sulphur (1 mol.) and iodine, although some hydrogen sulphide was formed; the 
resulting melt did not give in sulphuric acid the violet-blue colour characteristic of the pheno- 
thiazine group. 

9-Chloro-9 : 10-dihydro-10 : 4’-diaza-9-arsa-1 : 2-benzanthracene (111; R = H).—A solution 
of 6-anilinoquinoline (1 g.) and arsenic trichloride (0-8 g.) in o-dichlorobenzene (5 c.c.) was 
refluxed for 6 hr. The solid precipitated on cooling was collected, washed with benzene, and 
dried. 9-Chloro-9 : 10-dihydro-10 : 4’-diaza-9-arsa-1 : 2-benszanthracene hydrochloride (0-8 g.), 
deep yellow needles, m. p, 265—266° (decomp.), gave an orange halochromy in sulphuric acid 
(Found: C, 48-9; H, 3-0; N, 7-2. C,,H,,N,Cl,As requires C, 49-3; H, 3-0; N,7-7%). The 
free base could not be isolated. 

6-p-Toluidinoquinoline.—This amine (10 g.), prepared by heating for 48 hr. a mixture of 
6-hydroxyquinoline (10 g.) and p-toluidine (8 g.) with iodine (0-2 g.), formed yellowish prisms, 
m, p. 143°, b. p. 258—260°/15 mm., from ethanol (Found: N, 11-7. C,,H,,N, requires N, 
120%); its picrate formed orange needles, m. p. 222—223° (decomp. > 206°), from nitro- 
benzene. 9-Chloro-9 : 10-dihydro-7-methyl-10 : 4’-diaza-9-arsa-1 : 2-benzanthracene hydrochloride 
(IIl; R = Me) was obtained from this amine (1 g.) with arsenic trichloride (0-8 g.) in o-dichloro- 
benzene, as deep yellow prisms, m. p. 290-—-291° (decomp.) (Found: C, 50-8; H, 3-1; N, 7-3, 
CygHy,N,Cl,As requires C, 50-7; H, 3-4; N, 74%). 

6-(2 : 4-Xylidino)quinoline (10 g.), obtained from 6-hydroxyquinoline (10 g.), 2 : 4-dimethyl- 
aniline (9 g.), and iodine (0-2 g.), formed yellow needles, m. p, 110°, b. p. 2567-—-260°/14 mm., 
from ethanol (Found: N, 11-0, C,,H,N, requires N, 113%); its picrate crystallised as 
orange-yellow needles, m. p. 214°, from nitrobenzene, No diazabenzanthracene derivative was 
obtained on heating this amine with lead oxide at 320— 350°. 

Condensations of 8-Hydvroxyquinoline.—-A mixture of 8-hydroxyquinoline (20 g.), aniline 
(15 g.), and iodine (0-5 g.) was refluxed for 8 days, and the product then worked up in the usual 
way; 8-anilinoquinoline (5 g.) was a pale yellow oil, b. p. 222--223°/12 mm, (Found ; N, 12-8%), 
and its monopicrate formed orange-red needles, m. p. 132°, from ethanol (Found; C, 56-1; 
H, 3-3; N, 156%). 8-p-Toluidinoquinoline (16 g.), similarly prepared from 8-hydroxyquinoline 
(20 g.) and p-toluidine (16 g.), was a pale yellow oil, b. p. 233-—-234°/12 mm. (Found: N, 12-2%), 
and also gave a monopicrate which formed orange-red needles, m. p. 133°, from ethanol (Found : 
C, 56-7; H, 3-7; N, 153. C,,H,,O,N, requires C, 57-0; H, 3-7; N, 151%), 8p-Toluidino- 
quinoline (17 g.) was a pale yellow oil, b, p. 231—-232°/12 mm. (Found: N, 12-0%), giving a 
monopicrate which formed orange-red prisms, m. p. 95-96", from ethanol (Found: N, 15-0%), 
8-(2 : 4-Xylidino)quinoline was a viscous yellow oil (15 g.), b. p. 240°/15 mm, (Found: N, 
111%). 

7-Acetamido-2 : 4-dimethyl-1 : 8-naphthyridine..-A suspension of the amine (5 g.; prepared 
according to Bernstein et al.*) in benzene was refluxed with acetic anhydride (2-5 g.) for 30 min 
The benzene was evaporated, and the residue washed with ethanol, dried, and recrystallised 
from pyridine, to give needles (4 g.), m. p. 297°, sublimable above 250° (Found; C, 67-3; 
H, 56-9; N, 192. C,H,,ON, requires C, 67-0; H, 60; N, 195%). Heating 7-amino-2: 4- 
dimethyl-1 : 8-naphthyridine with arsenic acid, glycerol, and sulphuric acid as for the synthesis 
of 1 : 9-diazaphenanthrene resulted only in recovered material. 
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403. Quinoxaline N-Oxides. Part IV.* Derivatives of 
Py-Hydroxyalkyl-, -Aminoalkyl-, and -Carboxy-quinoxalines. 
By Justus K. Lanpguisr and J. A. Sux. 


Quinoxaline N-oxides, bearing in the hetero-ring 1-hydroxyalkyl, bromo- 
methyl, substituted aminoalkyl or carboxyl groups, and various functional 
derivatives of these groups, have been made in a search for compounds of 
improved antibacteria] or antiprotozoal activity. Quinoxaline 1 : 4-dioxide 
and its 2-methyl and 2: 3-dimethyl homologues formed bromine addition 
compounds, those from the homologues being converted into bromomethyl- 
quinoxaline dioxides. 


A metapo.tre of 2; 3-dimethylquinoxaline 1: 4-dioxide with enhanced antibacterial 
activity has been identified as 2-hydroxymethyl-3-methylquinoxaline 1 : 4-dioxide (I), 
and we have therefore prepared other quinoxaline di-N-oxides with hetero-ring substituents 
which might modify the pharmacological activity. 2-Hydroxymethylquinoxaline and 
2-1'-hydroxyethyl-3-methylquinoxaline were obtained, as in the synthesis of the metabolite, 
by reduction of the corresponding carbonyl compounds, and after acetylation they were 
converted into the 1 ; 4-dioxides by oxidation and hydrolysis. 2-Acetoxymethylquinoxa- 
line (m. p. 49-—51°) differs from the compound {m. p. 132-—-133°) prepared by Euler and 
Hasselquist* from acetylreductone and o-phenylenediamine. 2 : 3-Bishydroxymethyl- 
quinoxaline 1 ; 4-dioxide was prepared by hydrolysis of the diacetoxy-compound obtained 
by treating 2 : 3-bisbromomethylquinoxaline 1 : 4-dioxide (II; X = Br) with silver acetate ; 
it could not be obtained directly from the bromo-compound and silver oxide. 2-Ethoxy- 
methylquinoxaline 1 ; 4-dioxide was prepared from the known parent quinoxaline,® but 
the 3-me thy! homologue gave no crystallisable prosuct with peracetic or perphthalic acid, 
and 2-(1: 2:3: 4-tetra-acetoxybutyl)quinoxaline * resisted oxidation with peracetic acid. 
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2: 3-Bisbromomethylquinoxaline 1 : 4-dioxide was a useful intermediate for the synthesis 
of bisaminomethyl derivatives. The parent quinoxaline was prepared from 1 ;: 4-dibromo- 
butane-2 : 3-dione and o-phenylenediamine;* bromination of 2 : 3-dimethylquinoxaline 
in acetic acid afforded only 2 : 3-bisdibromomethylquinoxaline,® and, although the 2 ; 3-bis- 
bromomethyl compound was obtained by bromination in chloroform, the method was not 
reliable. Moreover, attempts to reduce the tetrabromo-compound with stannous bromide 
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or hydrogen and Adams's catalyst, or by heating it with cyclohexane, tetralin, or 2 ; 3-di- 
methylquinoxaline gave only dark oils or tars. It was also resistant to oxidation by 
peracetic acid. 

With bromine in chloroform 2 : 3-dimethylquinoxaline | : 4-dioxide gave initially an 
unstable addition compound; this decomposed spontaneously into a mixture of products 
from which 2: 3-bisbromomethylquinoxaline 1; 4-dioxide was isolated in low yield, 
Quinoxaline 1: 4-dioxide and the 2-methyl homologue formed more stable addition 
compounds which analysed as sesquibromides. 2-Methylquinoxaline 1 ; 4-dioxide sesqui- 
bromide when heated in ethyl acetate brominated the solvent with regeneration of the 
dioxide, and when heated in chloroform gave a small yield of a bromo-derivative which 
is regarded as 2-bromomethylquinoxaline | : 4-dioxide. Quinoxaline 1 : 4-dioxide sesqui- 
bromide liberated bromine when boiled with water. 

2 : 3-Bisaminomethylquinoxaline 1 ; 4-dioxides (Il; X = NR,) were obtained when the 
bisbromomethyl compound was treated with dimethylamine, piperidine, aniline, or p-chloro- 
aniline, in suitable solvents; trimethylamine, pyridine, and hexamine gave the bisquaternary 


+ 
salts (II; X = NR, Br-)and thiourea gave a bisthiuronium salt [I1; X = SC(NH):-NH,]. 
Several of these compounds were too unstable for them to be recrystallised to analytical 
purity. An interesting property of 2: 3-bispiperidinomethylquinoxaline 1 ; 4-dioxide 
was the partly reversible purple coloration on exposure to light; after exposure the blue 
component of the colour faded in the dark, leaving a brown colour like that shown (after 
very much longer exposure) by most quinoxaline dioxides. When the hexamine compound 
was treated with dilute hydrochloric acid or aqueous hydroxylamine, or the thiuronium 
salt with alkali in presence or in absence of methyl! sulphate, gross decomposition appeared 
to take place, giving dark red products which were not characterised. Similar red mixtures 
which did not yield the desired derivatives were formed when 2 : 3-bisbromomethyl- 
quinoxaline 1 : 4-dioxide was treated with ammonia, ethylamine, isopropylamine, benzyl- 
amine, ethylenediamine, or hydrazine in alcohol or dioxan solution. There was no reaction 
with ethanolamine or f-nitroaniline at ordinary temperatures. The reaction of piperidine 
with 2: 3-bisbromomethylquinoxaline gave under appropriate conditions both 2 ; 3-bis- 
piperidinomethylquinoxaline and the sfiro-quaternary salt (111) which would be formed 
from 2-bromomethyl-3-piperidinomethylquinoxaline by intramolecular quaternisation. 

Despite the lack of reactivity of 2: 3-dimethylquinoxaline 1; 4dioxide towards 
p-dimethylaminobenzaldehyde,’ some reactions characteristic of activated methyl groups 
were found. A Mannich reaction with piperidine under suitable conditions gave 2 ; 3-bis- 
2’-piperidinoethylquinoxaline 1; 4-dioxide (II; X = CH,’NCsH,,) and chloral gave a 
derivative ([V). Neutral formalin at 120° gave a dark oil, which evolved heat when 
mixed with piperidine, but neither the oil nor its reaction product was characterised, 
Attempted condensation with ethyl oxalate in presence of potassium ethoxide 
was unsuccessful. 

sy prolonging the period of oxidation it was possible to convert ethyl 3-methyl- 
quinoxaline-2-carboxylate * into the dioxide, whereas under the usual conditions the 
principal product was a monoxide, as might be expected with the electronegative ester 
group adjacent to a heteroatom; Yelina and Magidson ° likewise obtained only the 4-oxide 
from ethyl quinoxaline-2-carboxylate, The ester dioxide was converted into the acid, 
the amide, and the hydroxamic acid, but decomposition accompanied its reactions with 
diethylamine and isopropylamine. Hydrazine reacted with evolution of nitrogen to give 
a mono-N-oxide; it is likely that the Ngyoxygen is less firmly bonded than that at Ni», 
and this product is believed to be 3-methylquinoxaline-2-carboxyhydrazide 4-oxide. 
Ethyl 3-methylquinoxaline-2-carboxylate was also converted into the amide, hydroxamic 
acid, and hydrazide. 

Oxidation of 2: 3-bis-p-tolylthioquinoxaline (from 2: 3-dichloroquinoxaline and 
toluene-p-thiol) with performic acid gave 2: 3-dihydroxyquinoxaline and toluene-p- 
sulphonic acid. 


7 Landquist and Stacey, J., 1953, 2822. 
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EXPERIMENTAL 

1 Ethoxy-3-hydroxyiminobutan-2-one.—Ethy] y-ethoxy-«-methylacetoacetate * (84 g.), water 
(960 c.c.), and potassium hydroxide (31-5 g.) were stirred overnight in a closed flask. Sodium 
nitrite (39 g.), dissolved in water (126 c.c.), was added and the solution was cooled in ice and 
acidified at <10° by dropwise addition of 20% sulphuric acid. After 30 min. the mixture was 
made alkaline (Brilliant-yellow) with sodium hydroxide and extracted with ether. The ether 
was washed with n-sodium hydroxide until the extract was no longer yellow. The combined 
aqueous solutions were cooled, acidified, and extracted with ether, and the extract was washed 
with water, dried (Na,SO,), and evaporated to yield 1-ethoxy-3-hydroxyiminobutan-2-one (57-7 g.), 
thin platelets, m. p. 87-—-£8° [from light petroleum (b. p. 40-—-60°)) (Found: N, 10-2. C,H,,O,N 
requires N, 965%). 

2-Ethoxymethyl-3-methylquinoxaline.—o-Phenylenediamine (42-5 g.), 1-ethoxy-3-hydroxy- 
iminobutan-2-one (57 g.), and 10%, acetic acid (600 c.c.) were heated on the steam-bath for 
1-5 hr., made alkaline with sodium hydroxide, and steam-distilled until the distillate no longer 
became turbid with concentrated sodium hydroxide solution. The distillate was saturated 
with salt and extracted with ether, Distillation of the dried (Na,SO,) extract gave the pale 
yellow rape gen: (36-9 g.), b. p. 126-—128°/2 mm. (Found: N, 14-5. C,,H,,ON, requires 
N, 13-09%). 

Quinoxaline-2-aldehyde,--2-Methylquinoxaline (26 g.), freshly prepared selenium dioxide 
(26 g.), and ethyl acetate (300 c.c.) were stirred and refluxed for 4 hr., cooled, and filtered, 
The solvent was distilled off under reduced pressure and the residue was extracted with ether, 
The solid (23-4 g.) recovered from the ether was crystallised from light petroleum (b. p. 60-—-80°), 
giving the aldehyde (16-25 g.), m. p. 108—-109°, 

2-Hydroxymethylquinoline.—Quinoxaline-2-aldehyde (6-7 g.), formalin (13 c.c.), and 25% 
potassium hydroxide solution (50 g.) were shaken for 3 hr., cooled, and extracted with ether 
(4 x 100 c.c.), The extract was dried (Na,SO,) and evaporated, and the oily residue (4-0 g.) 
was rubbed with light petroleum. The crude 2-hydroxymethylquinoxaline, m, p. 75—-76°, was 
unstable and was best used without purification, It was crystallised from light petroleum 
(b. p. 60-—80°), forming needles, m. p. 79--81°, which darkened rapidly on exposure to air 
(Found; C, 67-3; H, 6-0; N, 18-2. C,H,ON, requires C, 67-5; H, 5-0; N, 17-5%). 

2-A cetoxymethylquinoxaline,—2-Hydroxymethylquinoxaline (1-2 g.) in dry pyridine (2-5 c.c.) 
was treated with acetic anhydride (1-25 c.c.). After 18 hr. the mixture was poured into water 
(35 c.c.), left for 1 hr, at room temperature, made faintly acid (pH 5-6) with hydrochloric acid, 
and extracted with ether (3 x 50 c.c.). The extract was washed successively with n-hydro- 
chloric acid, saturated sodium hydrogen carbonate solution, and water, dried (Na,SO,), and 
evaporated, leaving 2-acetoxymethylquinoxaline (0-9 g.; m. p. 48-—50°), needles, m. p. 49-—651° 
(from light petroleum (b. p, 40-—60°)) (Found : C, 65-1; H, 45; N, 14-0. C,,H,,O,N, requires 
C, 65-3; H, 4-95; N, 13-9%). 

2-1'-Hydroxyethyl-3-methylquinoxaline.-2-Acety]-3-methylquinoxaline (9-3 g.), aluminium 
isopropoxide (10-2 g,), and dry propan-2-ol (70 ¢.c.) were stirred and refluxed under a 9” ring- 
packed column fitted with a Hahn condenser, about 5 drops per minute being allowed to distil. 
Most of the acetone distilled off in 2 hr. After 5 hr. the bulk of the solvent was distilled off 
under reduced pressure, and the residue was cooled, treated with 2n-hydrochloric acid (110 c.c.), 
and filtered. The filtrate was made alkaline with sodium hydroxide and extracted with benzene. 
Evaporation of the dried (Na,SO,) extract gave 2-1’-hydroxyethyl-3-methylquinoxaline (6-7 g.; 
m. p. 76-—78°), needles, m. p. 80-5--81° [from light petroleum (b. p. 60-—80° and then b. p. 
40--60°)} (Found : C, 70-1; H, 6-7; N, 15-6. C,,H ON, requires C, 70-2; H, 6-4; N, 14-9%). 

2-1'-Acetoxyethyl-3-methylquinovaline,—2-1'-Hydroxyethyl-3-methylquinoxaline (94 g.), 
acetylated with acetic anhydride (10 c.c.) in pyridine (20 c.c.) as described above, gave the acetyl 
derivative (97 g.), large prisms {from light petroleum (b. p, 40-—-60°)], m. p. 56—57° (Found : 
N, 124. CygH,O,N, requires N, 12:2%). 

2-Ethoxymethylquinoxaline 1: 4-Dioxide.--2-Ethoxymethylquinoxaline (10 g.) and 1-2m- 
peracetic acid (120 c.c.) were heated overnight at 50°, evaporated to small bulk under reduced 
pressure, diluted with ice and water, and neutralised with sodium hydroxide solution. The 
precipitate was washed with water, the filtrates were extracted with chloroform, and the extract 
was dried and evaporated, The combined crude products were crystallised from cyclohexane 
and then twice from methanol, yielding 2-ethoxymethylquinoxaline 1: 4-dioxide, m, p. 134° 
(Found: C, 50-0; H, 62; N, 12-05. C,,H,,0,N, requires C, 60-0; H, 5-45; N, 127%). 

I'he following were made similarly : 
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2-A cetorymethylquinoxaline 1 : 4-dioxide (yield 40%), m. p. 188-—-189° from ethanol (Found ; 
C, 56-9; H, 50; N, 11-6, C,,H ON, requires C, 56-3; H, 4-3; N, 12-0%). 

2: 3-Bisbromomethylquinoxaline \-oxide, yellow laminae, m. p. 167-—-168°, from ethanol 
(Found: C, 36-6; H, 25; N, 90; Br, 46-7. C,,H,ON,Br, requires C, 36-1; H, 2-4; N, 8-4; 
Br, 48-2%). 

2-1'-Acetoxyethyl-3-methylquinoxaline 1(?)-oxide, needles, m. p. 100°, from light petroleum 
(b. p. 80--100°) (Found; C, 64-0; H, 56; N, 11-8. C,,H,,O,N, requires C, 63-4; H, 6-7; 
N, 11-4%). Prolonged oxidation of 2-l’-acetoxyethyl-3-methylquinoxaline or its mono-N- 
oxide with 1-2m-peracetic acid (18 hr. at 50°, then 72 hr. at 60°) gave 2-1’-acetoxyethyl-3-methyl- 
quinoxaline 1: 4-dioxide, yellow crystals, m. p. 135°, from ethyl acetate (Found: C, 59-6; 
H, 6-1; N, 10-2. Cys;H,O,N, requires C, 59-5; H, 53; N, 10-7%). 

2-Hydroxymethylquinoxaline 1 : 4-Dioxide.—2-Acetoxymethylquinoxaline 1 ; 4-dioxide (3 g.) 
and 2n-hydrochloric acid (100 c.c.) were refluxed for 15 min., cooled in ice, neutralised 
with sodium hydroxide solution (to pH 7-0), and extracted with ether. The dried (Na,SO,) 
extract was evaporated and the residue crystallised from ethanol giving pale yellow needles of 
2-hydroxymethylquinoxaline 1 ; 4-dioxide, m. p. 191-—-192° (when heated rapidly) (Found: 
C, 56-5; H, 4:5; N, 141. C,H,O,N, requires C, 56-2; H, 4:2; N, 146%). 

2-1'-Hydroxyethyl-3-metiylquinoxaline 1 : 4-dioxide, obtained similarly by hydrolysis of the 
acetoxy-compound (yield 80%), crystallised from methanol in yellow prisms, m. p. 161° (Found : 
C, 60-1; H, 5-8; N, 12-6. ©,,H,,O,N, requires C, 60-0; H, 5-45; N, 127%). 

2 : 3-Bisbromomethylquinoxaline 1 ; 4-Dioxide.-2 : 3-Bisbromomethylquinoxaline (70 g.) 
was stirred with 2m-peracetic acid (320 c.c.) at 55-—-60° for 60 hr., more per-acid (160 c.c.) being 
added after 24 hr. The mixture was cooled, and the dioxide (61-5 g.), m. p. 191-—-194°, washed 
with acetic acid and dried at 100°. Recrystallisation from dioxan raised the m. p. to 193—194° 
(Found: C, 34-7; H, 2:3; N, 80; Br, 46:3. C,,H,O,N,Br, requires C, 34-5; H, 2:3; N, 8-05; 
Br, 46-0%). This dioxide was also obtained by oxidation of the quinoxaline with performic acid, 

Bromination of Quinoxaline 1: 4-Dioxides.-(a) A solution of bromine (1-65 g.) in carbon 
tetrachloride (1 c.c.) was added to a solution of 2 : 3-dimethylquinoxaline 1 : 4-dioxide (1-9 g.) 
in chloroform (4 c.c.); the red addition compound separated. This dissolved when the mixture 
was refluxed for 10 min, and a yellow solid separated. Treatment with sodium hydrogen 
carbonate solution and extraction with chloroform gave a yellow solid (1-15 g.), m. p. 140-145", 
Four crystallisations from dioxan raised the m, p. to 188--189°, not depressed by the bromo- 
compound (II; X «= Br), prepared as described above. 

(b) Quinoxaline 1 : 4-dioxide (4-05 g.), dissolved in chloroform (250 c.c.), was treated during 
45 min. with bromine (4-0 g.) in chloroform (10 ¢.c.). Soon after the addition was complete 
platelets of the sesquibromide began to crystallise. The product (6-1 g.) was filtered off after 
several hours and washed with chloroform, The m. p. (142-——-143°) was not raised on crystal- 
lisation from chloroform (Found ; C, 34-8; H, 2-6; N, 96; Br, 39-2, 2C,H,O,N,,3Br requires 
C, 34-0; H, 2-1; N, 99; Br, 42-56%). 

(c) 2-Methylquinoxaline 1: 4-dioxide (4-4 g.), dissolved in chloroform (40 c.c.), was stirred 
and treated during 1 hr. with bromine (4-0 g.) in chloroform (10 ¢.c.); yellow crystals separated. 
Next morning, the sesquibromide (6-8 g.) was collected and washed with chloroform. The 
product melted at 126-——128°, not changed on crystallisation from chloroform or benzene, but 
changing to m. p. 184° (decomp.) on storage for six weeks (Found; C, 36-45; H, 2-55; N, 9-8; 
Br, 39-5. 2C,H,O,N,,3Br requires C, 36-5; H, 2:7; N, 945; Br, 405%). The sesquibromide 
(0-5 g.) was boiled for 5 min. with ethyl acetate (5 c.c.), cooled, and filtered. The solvent had 
become lachrymatory. The solid (0-46 g.) was dissolved in water (ionic bromine present), 
made alkaline with sodium carbonate, and extracted with chloroform, 2-Methylquinoxaline 
1 : 4-dioxide was recovered on evaporation of the chloroform. 

(d) 2-Methyiquinoxaline 1 ; 4-dioxide (3-3 g.) in chloroform (40 c.c.) was stirred and treated 
with bromine (3 g.) in chloroform (10 ¢.c.). The mixture was refluxed for 5 hr., and the initial 
precipitate partly redissolved. The solvent was removed by evaporation and the solid was 
suspended in ice-~water (140 c.c.), the suspension made alkaline with sodium carbonate, and the 
solid filtered off and washed with water, Crystallisation from benzene gave 2-bromomethy!- 
quinoxaline 1 : 4-dioxide (0-5 g.), m. p. 163° (Found: C, 42-7; H, 265; N, 10-7. C,H,O,N,Br 
requires C, 42:35; H, 2-75; N, 11-0%). 

2: 3-Bisacetoxymethylquinoxaline 1; 4-Dioxide,2 : 3-Bisbromomethylquinoxaline 1 ; 4- 
dioxide (5 g.) and silver acetate (5 g.) were stirred in acetic acid (60 c.c.) at 45--50° in subdued 
light for 17 hr. The cooled mixture was filtered (Hyflo Supercel), and the filtrate evaporated 
below 40°. Crystallisation of the residue from benzene gave crude dioxide (1-34 g.), m. p. 
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160 166°, which was purified by chromatography on neutral alumina with benzene-chloroform. 
The pure dioxide (0-7 g.) formed yellow needles, m. p. 176--177° (Found: C, 54-6; H, 4-7; 
N, 80. C,H ON, requires C, 54-9; H, 4-6; N, 9-16%). 

2:3 - Bishydroxymethylquinoxaline 1: 4- Dioxide.—-2 : 3 - Bisacetoxymethylquinoxaline 
1: 4-dioxide (2 g.) was added to 2n-hydrochiloric acid (40 c.c.) at 90°, and the mixture heated 
at 90--95° for 4 min. The solution was cooled quickly, filtered (carbon), and its pH brought 
to 4 by addision of sodium hydrogen carbonate. It was then extracted continuously with 
chloroform for 4 hr, and the extract was dried (Na,SO,) and concentrated under reduced 
pressure. The dioxide crystallised from ethanol in needles (0-65 g.), m. p. 170—172° (Found : 
C, 64-3; H, 3-0; N, 124. CyH,,O,N, requires C, 54-1; H, 4-5; N, 126%). 

2: 3- Bisdimethylaminomethylquinoxaline 1; 4- Dioxide,—2 : 3 - Bisbromomethylquinoxaline 
1: 4-dioxide (2 g.) was added to 20%, (w/v) dimethylamine in dioxan (20 c.c.) with cooling, and the 
mixture was shaken for 16 hr, and then filtered. The filtrate was concentrated under diminished 
pressure, treated with dry ethyl acetate (40c.c.), filtered, and diluted with cyclohexane. The first 
and the second crop of the diowide (1-15 g.) had m. p. 135—-136° (decomp.) which fell on 
recrystallisation from eyclohexane (Found: C, 61-0; H, 7-4; N, 20-2. C,,H,O,N, requires 
C, 60-85; H, 7-4; N, 20-26%). The compound cannot be prepared in aqueous or alcoholic 
dimethylamine, 

2:3 - Bispiperidinomethylquinoxaline 1 : 4- Dioxide.—2 : 3 - Bisbromomethylquinoxaline 
| : 4-dioxide (1-7 g.) and piperidine (2-5 c.c.) were shaken in methanol (15 c.c.) for 16 hr.; the 
yellow crystals (1-25 g.), m. p. 172° (decomp.), were washed with methanol. The dioxide had 
m. p. 175-—-176° (decomp.) (from methanol) (Found: C, 67-0; H, 7-5; N, 16-0. C,,H,,O,N, 
requires C, 67-4; H, 7-9; N, 167%). 

2 : 3-Bisanilinomethylquinoxaline 1: 4-Dioxide.—The bisbromomethyl dioxide (1-05 g.) and 
freshly-distilled aniline (1-05 g.) were shaken in ethanol (7 c.c.) for 22 hr. The solid mixture 
was treated with sodium hydrogen carbonate solution and extracted with chloroform. The 
washed and dried (Na,SO,) extract was evaporated and the residue washed with methanol. 
The dioxide (0-85 g.), m. p. 152—-154°, decomposed on attempted crystallisation (Found : 
©, 71-6; H, 63; N, 144. CyH,,O,N, requires C, 71-0; H, 5-4; N, 16-0%). 

2: 3-Bis-(p-chloranilinomethyl)quinoxaline | : 4-dioxide, prepared similarly, was also unstable 
to recrystallisation, The crude dioxide had m. p. 136-—-138° (decomp.) (Found: C, 58-1; 
1H, 4-2; N, 12-0. CyH,,O,N,Cl,,H,O requires C, 67-6; H, 3-05; N, 12-2%). 

Ouinoxaline-2 : 3-bismethyl(trimethylammonium) 1: 4-Dioxide Dibromide.—The bisbromo- 
methyl dioxide (4 g.) and 20% aqueous trimethylamine (50 c.c.) were shaken for 20 hr.; the 
clear solution was evaporated below 40° and the residue was washed with 95% ethanol, giving 
the bisquaternary salt (3-07 g.), m. p. 208° (decomp.) (Found: C, 38-8; H, 60; N, 11-4. 
Cy gH gyO,N , Bry, 1 5H,O requires C, 38-95; H, 5-95; N, 11-35%). 

Quinoxaline-2 ; 3-bismethyl(pyridinium) 1: 4-Dioxide Dibromile.—-The bisbromomethyl 
dioxide (3 g.) was stirred with pyridine (3 g.) in ethanol (35 c.c.) at 60° for 16 hr. and the fawn 
needles were washed with hot ethanol, The diovide (3-5 g.) had m. p. 218° (decomp.) (Found : 
N, 11-0. Cyol,,0,N,Br, requires N, 11-1%). 

Ouinoxaline-2 : 3-bismethyl(thiuronium) 1: 4-Dioxide Dibromide.-The bisbromomethyl 
dioxide (0-7 g.) and thiourea (0-3 g.) were refluxed in magnesium-dried ethanol (7 c.c.) for 16 hr. 
The yellowish brown dioxide dibromide (0-7 g.), m. p. 230° (decomp.), was readily soluble in 
water. It slowly decomposed to a tar (Found: N, 162. C,,H,,O,N,S,2HBr requires 
N, 168%). 

2: 3-Bisbromomethylquinoxaline 1 : 4-Diexide Bishexamine Salt.—When the bromo-dioxide 
(2-4 @.) was shaken with hexamine (2 g.) in pure chloroform (60 c.c.) a solid soon began to 
separate; it was collected after 18 hr, and dried to constant weight in vacuo over paraffin wax 
and silica gel. The yellow bishexamine salt (4-4 g.), m. p. 170° (decomp.), was extremely soluble 
in warm methanol, and formaldehyde was evolved on boiling, but no solid products were 
isolated. It slowly decomposed (Found; C, 38-5; H, 49; N, 19-1. C,y,H,,O,N,,Br,,0-5CHCI, 
requires C, 38-4; H, 4-7; N, 204%). 

2-Methyl-3-(3 : 3: 3-trichloro-2-hydroxypropyl\quinoxaline 1 : 4-Dioxide.—2 : 3-Dimethyl- 
quinoxaline 1 : 4-dioxide (12 g.) and anhydrous chloral (9 g.) were heated in dry pyridine (45 c.c.) 
at 115° for 3-5 hr, After cooling, the product was collected and washed with pyridine. It 
was boiled with absolute ethanol (200 c.c.) and crystallised from ethanol—dioxan (1:3). This 
gave the pure mono-derivative (5-2 g.), m. p. 226° (decomp.) (Found: C, 43-0; H, 3-3; N, 8-8; 
Cl, 31-4. C,,H,,O,N,Cl, requires C, 42-7; H, 3-3; N, 83; Cl, 31-5%). 

2: 3-Bis 2'-piperidinoethylquinowaline 1: 4-Dioxide,-2 : 3-Dimethylquinoxaline | : 4-dioxide 
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(2-85 g.), piperidinium bromide (5-1 g.), and paraformaldehyde (1-2 g.) were refluxed in 95% 
n-butanol (16 c.c.) for 6 hr. The product was filtered off from the cooled mixture and washed 
with ethanol-acetone (1:2). Two recrystallisations by solution in warm 95% ethanol and 
dilution with acetone gave the pure dioside dihydrobromide hemihydrate (dried over PyO,) (1-6 g.), 
m. p. 211° (decomp.) (Found; C, 47-6; H, 6-7; NW, 10-2. CysH,O,N,Br,,0-6H,O requires C, 
47-6; H, 6-3; N, 10-1%). 

2 - Ethoxycarbonyl -3-methylquinoxaline 1:4- Dioxide.—Ethyl 3-methylquinoxaline - 2 - 
carboxylate (20 g.) was dissolved in 2m-peracetic acid (150 c.c.; containing 0-3% v/v H,SO,), 
and the solution heated at 56-——-60°; after 24 hr. more per-acid (75 c.c,) was added, and heating 
continued for 60—65 hr. in all. The solution was evaporated under reduced pressure and the 
residue was treated with sodium hydrogen carbonate and extracted with chloroform, The 
dried (Na,SO,) extract was evaporated and the residue was extracted with boiling cyclohexane 
to remove 2-ethoxycarbonyl-3-methylquinoxaline mono-N-oxide which formed needles, m, p. 
93—94°, from ethanol (Found: N, 12-0. C,,H,,0O,N, requires N, 12-06%). The dioxide 
(10-6 g.) after crystallisation from aqueous ethanol had m. p. 132—134° (Found: C, 57-9; 
H, 5-1; N, 11-4. C,,H,,O,N, requires C, 58-05; H, 4-85; N, 113%). 

2 - Carboxy - 3 - methylquinoxaline 1: 4- Dioxide.—2 - Ethoxycarbony]l-3 - methylquinoxaline 
1 ; 4-dioxide (1-2 g.) was stirred with a solution of sodium hydroxide (0-25 g.) in water (8 c.c.) 
at 50° for 30 min. Cooling and acidification of the solution with hydrochloric acid gave the 
crude acid (0-6 g.) which appeared to be decarboxylated in hot water and was purified by 
dissolving it in sodium hydrogen carbonate solution (charcoal) and acidifying the solution. 
This gave the dioxide (0-26 g.) as golden plates, m. p. 167—-169° (Found: C, 64-5; H, 4-0. ~ 
C,H,O,N, requires C, 54-5; H, 3-6%). 

2-Carbamoyl-3-methylquinoxaline 1: 4-Dioxide.-2-E.thoxycarbony]-3-methylquinoxaline 
1 : 4-dioxide (1-7 g.) with methanolic ammonia (20 c.c.; 6N) at room temperature for 5 days 
gave the amide (1-2 g.), m. p. 242° (decomp.), which crystallised quickly from boiling water 
as pale yellow plates (0-9 g.), m. p. 247° (decomp,) (Found: C, 54-5; H, 47, Cy H,O,N, 
requires C, 54-8; H, 42%). 

2-Hydroxyaminocarbonyl-3-methylquinoxaline 1 : 4-Dioxide.Uydroxylamine hydrochloride 
(7 g.) and sodium methoxide (from 4-5 g. of sodium) in methanol (45 c.c.) were shaken for 7 hr, ; 
2-ethoxycarbonyl-3-methylquinoxaline 1: 4-dioxide (3-5 g.) was added, and shaking was 
continued for a further 18 hr. The solid was extracted three times with boiling ethanol (100 c.c.), 
and the residue from vacuum evaporation of the extracts was recrystallised from 80% ethanol. 
The hydroxamic acid had m, p. 210° (decomp.) (Found: C, 51-1; H, 3-7. Cy ,H,O,N, requires 
C, 51-0; H, 385%). 

2-Hydvazinocarbonyl-3-methylquinoxaline 4(?)-Oxide.—-2--thoxycarbonyl-3-methylquinoxa- 
line 1 : 4-dioxide (1 g.) was ground with hydrazine hydrate (6 c.c.; 70%), and a steady efferves- 
cence set in, The product (0-3 g.) after 24 hr. was crystallised repeatedly from water, giving 
yellow needles, m. p, 224—225° (effervescence) of a mono-N-oxide hydrazide (Found: C, 55-2; 
H, 46; N, 26-0. C,,H,,0O,N, requires C, 55-0; H, 46; N, 25-7%). 

2 : 3-Bispiperidinomethylquinoxaline.-2 : 3-Bisbromomethylquinoxaline (5 g.) added to 
piperidine (6 g.) in ethanol (35 c.c.) soon dissolved and the temperature rose to 60°, The 
solution was poured into water, which was then extracted three times with ether; the combined 
extracts were washed three times with water, dried (Na,SO,) and evaporated, and the residue 
was crystallised twice from 75% methanol, giving the quinoxaline (3-6 g.), m. p. 101-—102° 
(Found: N, 17-1. CygH,sN, requires N, 17-3%). 

Quinoxalino(2’ : 3’-3 : 4\pyrroline-l-spiro-1'’-piperidinium Bromide.—2 : 3-Bisbromomethyl- 
quinoxaline (1-8 g.) was stirred in ethanol (15 c.c.) at 560°. Piperidine (0-8 g.) was added in 
three equal portions at two-hourly intervals, and the mixture was stirred for a further 18 hr. 
at 50°. The spiro-quaternary salt (0-95 g.) was filtered off; after 2 crystallisations from 99%, 
ethanol it had m. p. 265-—-266° (decomp.) (Found: N, 13-2. C,,H,,N,Br requires N, 13-1%). 
It was readily soluble in water and was not extracted from an alkaline solution by chloroform, 
thus proving that it was not the isomeric 2-bromomethy!-3-piperidinomethylquinoxaline. 

3-Methylquinoxaline-2-carboxyamide was prepared from ethyl 3-methylquinoxaline-2- 
carboxylate and methanolic ammonia; it formed needles, m. p. 194-—-196°, from alcohol (Found : 
N, 22-4. C,,H,ON, requires N, 22-45%). 

3-Methylquinoxaline-2-hydroxamic acid was prepared by the same method as for the dioxide 
hydroxamic acid; it crystallised from alcohol as the hydrate, m. p. 178-—179° (Found: C, 54-6; 
H, 5-1; N, 19-7. C,,H,O,N,,H,O requires C, 54-25; H, 5-0; N, 19-0%). 

3-Methylquinoxaline-2-carboxyhydrazide soon separated when the quinoxaline ester was 
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mixed with aqueous hydrazine; it formed stout needles (from water), m. p. 172—174° (Found ; 
C, 59-4; H, G1. CygH ON, requires C, 569-4; H, 495%). 

2 : 8-Bis-p-tolylthioquinoxaline.—2 ; 3-Dichloroquinoxaline (4-0 g.) and toluene-p-thiol 
(6-0 g.) were heated in an oil bath at 100° for 0-5 hr.; the bath temperature was then raised to 
130-—-140° for 0-5 hr., and the melt was cooled, pulverised, triturated with 0-5n-sodium hydroxide 
(100 c.c.), filtered off, and washed with water. Crystallisation from light petroleum (b. p. 
100--120°) gave the quinoxaline (5-6 g.) as yellow prisms, m. p. 140—142° (Found: 5, 16-5. 
CoH ,,N,5, requires S, 17-1%). 

Oxidation.-2 : 3-Bis-p-tolylthioquinoxaline (1-9 g.) was dissolved in hot glacial acetic acid 
(100 ¢.c,)-98% formic acid (50 c.c,), and the solution was cooled to 50-—60° and treated with 
30%, hydrogen peroxide (20 c.c.). The mixture was heated at 50° for 18 hr., concentrated 
under reduced pressure and diluted with ice~water. 2: 3-Dihydroxyquinoxaline (0-8 g.) was 
filtered off and was characterised by methylation to 1: 2: 3: 4-tetrahydro-] ; 4-dimethyl- 
2: 3-dioxoquinoxaline, m, p. 250°, The aqueous mother-liquor was neutralised with sodium 
hydroxide and treated with S-benzylthiuronium chloride solution to precipitate S-benzyl- 
thiuronium toluene-p-sulphonate, m, p. and mixed m. p. 180—182°, 
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404, (uinoraline N-Oxides, Part V.* Further Bz-Substituted 
Derivatives. 


By J. A. SILK. 


Di-N-oxides of 6-hydroxy-, 6-ethoxycarbonyl-, and 6-acetyl-2 : 3-dimethyl- 
quinoxaline are described, together with nitro-, bromo-, and iodo-derivatives 
of the phenol, and functional derivatives of the other two, 5-Hydroxy-2: 3- 
dimethylquinoxaline 1 : 4-dioxide possesses a novel type of chelating struc- 
ture, 


rue preparation of the quinoxaline 1 : 4-dioxides now described formed a continuation of 
the study in these laboratories of compounds of this class as ameebicidal and antiviral 
agents.’ 6-Hydroxy-, 6-ethoxycarbonyl-, and 6-acetyl-quinoxline and their 2 ; 3-dimethy] 
homologues were prepared by condensing glyoxal or diacety! with the appropriate o-pheny]- 
enediamine, and 5-hydroxy-2 : 3-dimethylquinoxaline was obtained by de-ethylation of 
the 5-ethoxy-compound with aluminium chloride. 2 : 3-Dimethylquinoxaline-6-carboxylic 
acid could not be esterified in the normal manner, since both hydrochloric and sulphuric 
acids caused formation of a green condensation product. This was soluble only in hot 
alkali with evolution of ammonia, and as the 6-acetyl analogue behaved similarly with 
strong acids, this reaction appears to be characteristic of 2 ; 3-dimethylquinoxalines bearing 
a negative group in the 6-position. 

Variable results were obtained in the N-oxidation of some of the quinoxalines, and these 
are attributed mainly to variations, which were incompletely elucidated, in the quality of 
the peracetic acid. Best results were obtained with a reagent containing about 0-3% w/v 
of sulphuric acid and 0-1%, of sodium pyrophosphate ; neutralisation of this small quantity 
of sulphuric acid with sodium acetate * was unnecessary; and addition of more than the 
equivalent quantity was definitely harmful. A per-acid strength of 2M was generally pre- 
ferred to 13M. 

In accordance with earlier experiences of the effect of negative groups in the benzene 
ring (see Part I™), oxidation of 6-acetyl- and 6-carbethoxy-quinoxaline did not give N-oxides, 
but gave low yields of high-melting solids which were not characterised, but may have been 
the 2: 3-dihydroxy-compounds. Oxidation of the 2: 3-dimethyl homologues and also of 


* Part IV, preceding paper. 

' Hurst, Landquist, Melvin, I oters, Senior, Silk, and Stacey, Brit. J. Pharmacol., 1953, 8, 297. 
* Findley, Swern, and Scanlan, /. Amer. Chem, Soc., 1945, 67, 412 

* Landquist, /., 1963, 2816. 
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6-hydroxy-2 : 3-dimethylquinoxaline gave 1 : 4-dioxides, although the yield of 6-ethoxy- 
carbonyl-2 : 3-dimethylquinoxaline | ; 4-dioxide was unaccountably variable. 6-Hydroxy- 
quinoxaline | : 4-dioxide has been described as a hemihydrate by King, Clark, and Davis,* 
but in my experience a satisfactory product could seldom be obtained, and the state of 
hydration varied. A hydrated dioxide was also obtained in low yield by treating 6-methoxy- 
quinoxaline 1 ; 4-dioxide with aluminium chloride; hydrobromic acid attacked the ether 


tr “Ox 
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linkage only slowly and the wer was not identified. Oxidation of 6-acetoxyquinoxaline 
failed to give a dioxide, although all the per-acid, which was present in 50% excess, was 
consumed, 6-Ethoxycarbonylmethoxyquinoxaline, which was formed from the reaction 
between 6-hydroxyquinoxaline and ethyl chloroacetate in presence of sodium ethoxide, 
gave a mixture of mono- and di-oxides, but owing to the low yield their separation was 
not pursued. 5-Hydroxy-2 : 3-dimethylquinoxaline 1 : 4-dioxide (III) was prepared by 
treatment of the methoxy-dioxide with aluminium chloride in nitrobenzene at 60°; in 
boiling benzene the principal product was a mono-N-oxide, and in view of the similarity 
of its ultraviolet absorption spectrum to that of 5-methoxy-2: 3-dimethylquinoxaline 
1-oxide, it is regarded as the 5-hydroxy-1-oxide. 

The hydroxyl group in the Bz-ring confers phenolic properties on the hydroxy-dioxides, 
and 5-hydroxy-2 : 3-dimethylquinoxaline 1 : 4-dioxide gives a sparingly soluble orange-red 
sodium salt with dilute sodium hydroxide solution, The 6-isomer is slightly soluble, 
without effervescence, in sodium hydrogen carbonate solution. - With ferric chloride the 
5-hydroxy-dioxide gives a deep red-brown colour, and the 5-hydroxy-l-oxide a greenish 
brown, while the 6-hydroxy-dioxides show only slight darkening. 5-Hydroxy-2 ;: 3-di- 
methylquinoxaline | : 4-dioxide possesses a novel type of chelating structure which formally 
resembles an o-nitrophenol ([V), in contrast to the 8-hydroxyquinoline type of the parent 
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quinoxaline (V). The presence of hydrogen bonding is shown by the solubility in chloro- 
form and benzene, in which the 6-isomer is practically insoluble, and by a melting point 
nearly 100° lower than that of the 6-isomer. The dioxide forms a greenish brown copper 
complex, and its ultraviolet absorption spectrum closely resembles that of the 5-methoxy- 
dioxide ; in comparison with other quinoxaline dioxides it is very stable to light. 

Nitro- and halogeno-derivatives were prepared from 6-hydroxy-2 : 3-dimethylquinox- 
aline | : 4-dioxide, and substitution is presumed to take place at the 7- rather than 5-position 
which is likely to be sterically hindered. The nitro-derivative (I; X = NO,) was best 
prepared with ice-cold mixed acid; with 30°/, aqueous nitric acid a crystalline nitrate of 
the starting material was isolated. Reaction with iodine~potassium iodide in sodium 
hydrogen carbonate solution took place during several days to give a monoiodo-compound 
(I; X = I) which tended to lose iodine on recrystallisation. Bromine under similar condi- 
tions reacted immediately, giving first a monobromo-derivative, which could be isolated 
by acidification, and then an insoluble, red dibromo-compound in which one bromine atom 


* King, Clark, and Davis, J., 1949, 3012. 
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was labile and was removed by treatment with sodium hydrogen sulphite or potassium 
iodide. Unlike other 6-hydroxyquinoxaline dioxides it was soluble in benzene, although 
it could not be recrystallised without partial loss of bromine. The first compound is 
undoubtedly the normal monosubstitution product, 7(?)-bromo-6-hydroxy-2 : 3-dimethyl- 
quinoxaline | : 4-dioxide, while the second may be an addition compound of two molecules 
of this with one of bromine; the bromine addition compounds of some other quinoxaline 
dioxides (see Part TV), however, contain 1-5 atoms of bromine per molecule of dioxide. 

6-Ethoxycarbonyl-2 : 3-dimethylquinoxaline 1 ; 4-dioxide (II; X = OEt) was readily 
hydrolysed to the acid by cold alkali, suggesting activation of the carboxyl group by the 
N-oxide system, With ammonia and dimethylamine in the cold the ester gave the amide 
(11; X — NH,) and the dimethylamide (II; X = NMe,) respectively, while 3-piperidino- 
propylamine at 90° gave a basic amide (I1; X = NH-[CH,),°-NC,H,,). The hydroxamic 
acid (Il; X « NH’OH) was also prepared. Transesterification with 2-diethylamino- 
ethanol with or without sodium ethoxide could not be accomplished owing to decomposition, 
and oxidation of 2’-diethylaminoethyl 2 : 3-dimethylquinoxaline-6-carboxylate with per- 
acetic or perphthalic acid was unsuccessful. 

6-Hydroxymethyl-2 : 3-dimethylquinoxaline was formed in poor yield by reduction of 
the quinoxaline ester with lithium aluminium hydride. 


EXPERIMENTAL 

6-Hydvoxyquinoxaline,—4-Amino-3-nitrophenol (15 g.; from hydrolysis of the ON-diacetyl 
derivative 4 with 6n-hydrochloric acid and neutralisation of the isolated inydrochloride) was 
hydrogenated in methanol (150 c.c.) with Raney nickel, the mixture being heated to dissolve the 
3: 4-diaminophenol before filtration from catalyst. The filtrate was concentrated in vacuo 
(to 75 c.c.) and mixed with a warm solution of sodium acetate (10 g.; anhydrous) and glyoxal- 
sodium bisulphite compound (28-5 g.) in water (140 c.c.). 6-Hydroxyquinoxaline (7 g.) was 
collected after heating at 60° for 24 hr. and was recrystallised from water to give material 
of m. p. 262—264° (lit,, 242°). 

6-Hydvoxy-2 : 3-dimethylquinoxaline,—4-Amino-3-nitrophenol (30-8 g.) was hydrogenated 
(as above) and the diamine solution heated for 3 hr. on a steam-bath with diacetyl (18 g.) and 
sodium acetate (60 g.; anhydrous) in water (300 c.c.). Recrystallisation of the product from 
water gave 6-hydroxy-2 ; 3-dimethylquinoxaline (22-6 g.), m. p. 247-—-249° (Found: N, 16-25. 
Cygl ON, requires N, 161%), 

6-Lthoxycarbonylmethoxyquinoxaline,--6-H ydroxyquinoxaline (2-92 g.) was added to ethanol 
(20 ¢.c.) in which sodium (0-46 g.) had been dissolved, and followed by ethyl chloroacetate 
(3-0 g.). After being refluxed for 30 min,., more sodium ethoxide solution (0-46 g. of sodium) 
and ethy! chloroacetate (3-0 g.) were added, and heating continued for another 2 hr. The cooled 
mixture was concentrated anc poured into water, Extraction with benzene gave 6-cthoxy- 
carbonylmethoxyquinoxaline (0-9 g.), m, p. 99-—-100° (from water) (Found: N, 12-25. C4gH,,0;N, 
requires N, 12-1%), 

5-1 ydroxy-2 : 3-dimethylquinoxaline.—-Crushed aluminium chloride (6 g.) was added to 
5-ethoxy-2: 3-dimethylquinoxaline (5 g.) in benzene (125 c.c.); a tar separated, and the mixture 
was heated under reflux (CaCl, tube) for 16 hr. The tar was decomposed by stirring the cooled 
mixture with ice-water (100 g.),and benzene was evaporated in a current of air, since the benzene— 
water emulsion could not be broken, The solid A which separated, was collected. The filtrate 
was brought to pH 4 and extracted with benzene three times; the residue from these extracts 
was extracted with hot dilute sodiam hydroxide solution (charcoal), which was then neutralised 
giving solid B. Recrystallisation of solids A and B together from water gave 5-hydroxy-2 : 3- 
dimethylquinoxaline (0-89 g.), m. p. 146-—-147°, needles, soluble in dilute alkali and forming a 
yellow copper complex (Found: C, 68-9; H, 5-8; N, 155. C,,H,ON, requires C, 68-95; 
Hi, 5-8; N, 161%). 

Lthyl 3: 4-Diaminobenzoate.-—-Ethy| 4-amino-3-nitrobenzoate, m. p. 140-—142°, was obtained 
by heating 4-acetamido-3-nitrobenzoic acid with ethanol and sulphuric acid (83% v/v) for 24 br. 
(yields, 70-75%) or with ethanolic hydrochloric acid for 5 hr. (yields, 80—85%). Hydrogen- 
ation with Raney nickel in methanol gave ethy] 3 ; 4-diaminobenzoate, m, p, 112—114°, needles 
from dilute alcohol (80% yield). 

Ethyl Quinoxaline-6-carboxylate.-A solution of glyoxal [from the sulphate (6-1 g.) in warm 


* Fieser and Martin, J. Amer. Chem. Soc., 1935, 87, 1835. 
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water (40 c.c.) and barium carbonate] and ethyl 3: 4-diaminobenzoate (4:5 g.) were stirred 
vigorously at 60° for 1 hr. Since some diamine remained, a similar portion of glyoxal was 
added and reaction was continued for another hour. Repeated crystallisation of the product 
from benzene-cyclohexane (Al,O,) gave ethyl quinoxaline-6-carboxylate (2-3 g.), m. p. 68-—70° 
(Found : N, 14-2, C,,H,,O,N, requires N, 13-85%). 

Oxidation of this quinoxaline with peracetic acid at ordinary temperature or at 50° gave a 
solid, m. p. ea. 340°, appreciably soluble only in 75%, acetic acid, 

Ethyl 2: 3-Dimethylquinoxaline-6-carboxylate.—E-thy| 3: 4-diaminobenzoate (42 g.) and di- 
acetyl (22 g.) were refluxed for 30 min, in 33% ethanol (500 c.c.) (charcoal), and then cooled. 
Ethyl 2 : 3-dimethylquinoxaline-6-carboxylate (48 g.), m. p. 102-—104°, crystallised in feathery 
needles (Found : N, 12-2. C,H,,0O,N, requires N, 12-06%). 

2’-Diethylaminoethyl 2: 3-Dimethylquinoxaline-6-carboxylale... Ethyl 2: 3-dimethylquinoxa- 
line-6-carboxylate (5 g.) and 2-diethylaminoethanol (15 g.) were refluxed for 16 hr., and the 
mixture then distilled in vacuo. After removal of excess of amino-alcohol, the basic ester 
distilled at approximately 200°/1 mm. and was purified by passage in benzene-—light petroleum 
(b. p. 60-—80°) through alumina, This gave 2’-diethylaminoethyl 2 : 3-dimethylquinoxaline-6- 
carboxylate (2-5 g.), m. p. 48-—46° (Found: N, 14-2. C,,H,,O,N, requires N, 13-95%). 

6-A cetylquinoxaline.—4-Amino-3-nitroacetophenone * (4-5 g.) was hydrogenated at ordinary 
temperature and pressure in ethanol (100 c.c.) in presence of palladium-—charcoal until the hydro- 
gen uptake corresponded to that required for reduction of the nitro-group, The filtered solution 
was treated with the filtrate from neutralisation of glyoxal sulphate (6 g.) in water (100 c.c.) 
with barium carbonate, and the mixture heated and stirred at 60° for 1 hr. After the solution 
had been evaporated to dryness, the residue was crystallised from cyclohexane (Al,O,), giving 
6-acetylquinoxaline (1-47 g.), m. p. 106—108° (Found: N, 16-1. C,,H,ON, requires N, 16-3%). 

6-Acetyl-2 : 3-dimethylquinoxaline,—4-Amino-3-nitroacetophenone (5-4 g.) was hydrogenated 
as above and the solution of 3 : 4-diaminoacetophenone refluxed with diacetyl (2-9 g.) for 1 hr., 
giving 6-acetyl-2 : 3-dimethylquinoxaline (5-35 g.), m. p. 116-~118°, after crystallisation from 
aqueous ethanol (lit., 117—119°) (Found: N, 14:15. Calc. for CyH,ON,: N, 140%), 

6-Hydroxymethyl-2 : 3-dimethylquinoxaline.—A solution of ethyl 2 : 3-dimethylquinoxaline- 
6-carboxylate (5 g.) in dry ether (100 c.c.) was added during 10 min. to a stirred solution of 
lithium aluminium hydride (0-28 g.) in dry ether (50 c.c.), After a further 10 min., ethyl 
acetate (2 c.c.) was added, followed by water (50 c.c.). The filtered mixture was separated, 
the aqueous phase extracted twice more, and the extracts washed with water and dried (Na,SO,). 
The residue from evaporation was extracted with hot benzene (Al,O,), which on concentration 
gave the quinoxaline (0-7 g.), m. p. 118-—-114° (Found: C, 70-6; H, 66; N, 15-3. C,,HyON, 
requires C, 70-3; H, 64; N, 149%). 

6-Hydroxyquinoxaline 1: 4-Dioxide.—6-Methoxyquinoxaline 1: 4-dioxide (1 g.) and alu- 
minium chloride (2 g.) were refluxed (CaCl, tube) in benzene (25 c.c.) for 17 hr. The cooled 
mixture was stirred with ice~water (26 g.) and filtered, and the solid recrystallised repeatedly 
from water to give yellow needles, m. p. 247---250° (decomp.) (Found, after being dried at 100° : 
C, 62-3; H, 3-8; N, 16-1. Cale. for 3C,H,O,N,,H,O: C, 52-2; H, 3-6; N, 162%). 

6-Hydroxy-2 : 3-dimethylquinoxaline 1: 4-Dioxide.—6-Hydroxy-2 : 3-dimethylquinoxaline 
(5 g.) was oxidised with lm-peracetic acid (75 c.c.) at 60° for 17 hr. The solution was evaporated 
under reduced pressure, the residue treated with water, and the solid recrystallised from water 
to give 6-hydroxy-2 : 3-dimethylquinoxaline 1 : 4-dioxide (3-0 g.), m. p. 249-—-250° (decomp.), fine 
ape needles (Found: C, 686; H, 5-15; N, 13-75. C,,H,,O,N, requires C, 68:3; H, 49; 

, 13-6%). 

5-Hydroxy-2 : 3-dimethylqui line 1-Oxide.—-5-Methoxy-2 : 3-dimethylquinoxaline 1 ; 4-di- 
oxide (2-33 g.) and aluminium chloride (7 g.) were refluxed with stirring in benzene (50 c.c,) for 
17 hr. Benzene was decanted off and the tar stirred with ice-water and concentrated hydro- 
chloric acid (10 ¢.c.). The solid was ground with 2n-sodium hydroxide, and the solution was 
filtered and acidified to give 5-hydvoxy-2 : 3-dimethylquinoxaline 1-oxide, cream needles, m. p. 
143—-144-5° (from benzene-cyclohexane) (Found: C, 63-0; H, 5-25; N, 16-05. CH O,N, 
requires C, 63-15; H, 5-26; N, 14-76%). 

5-Hydroxy-2 : 3-dimethylquinoxaline 1 ; 4-Dioxide.-The methoxy-dioxide (2-2 g.), aluminium 
chloride (3-5 g.), and nitrobenzene (50 c.c.) were stirred at 60-—65° for 16 hr., and then cooled 
and treated with ice-water (50 c.c.) and 10N-sodium hydroxide (10 c.c.). The sparingly soluble 
sodium salt was decomposed with dilute acetic acid, giving 5-hydroxy-2 : 3-dimethylquinoxaline 


® Mayer, Stark, and Schén, Ber., 1932, 65, 1334. 
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1 : 4-dioxide (1-08 g.) which after crystallisation from benzene had m. p. 171—173° (Found : 
C, 568-2; H, 475; N, 13-3, C,H ON, requires C, 58-3; H, 4-9; N, 13-6%). A further small 
quantity (50 mg.; m. p. 166—168°) was obtained by evaporation of the nitrobenzene under 
reduced pressure, and acidification of the aqueous phase gave a small quantity of mono-N-oxide. 
The hydroxy-dioxide formed a greenish-brown copper derivative when a chloroform solution 
was shaken with aqueous cuprammonium sulphate. 

6-Hydroxy-2 ; 3-dimethyl-1(?)-nitroquinoxaline 1 : 4-Dioxide.-6-Hydroxy-2 : 3-dimethylquin- 
oxaline 1: 4-dioxide (0-2 g.) was dissolved in a mixture of nitric acid (0-5 c.c,; d 1-4) and con- 
centrated sulphuric acid (0-5 c.c.) at 0°, and stored in ice for 1} hr. The product obtained by 
pouring the mixture into a large quantity of water was recrystallised from 50%, aqueous alcohol, 
giving the nitro-derivative, m. p. 268° (decomp,), mixed m. p. with starting material 243° 
(decomp.) (Found: N, 16-9. C,,H,O,N, requires N, 16-7%). On a larger scale the starting 
material was added to the acid in portions, and the product crystallised from 50%, aqueous 
acetic acid, 

With nitric acid~water (1:1) 6-hydroxy-2: 3-dimethylquinoxaline 1; 4-dioxide nitrate, 
m. p, 97° (decomp.), crystallised, 

6-H ydroxy-7(?)-iodo-2 : 3-dimethylquinoxaline 1 : 4-Dioxide.—-Solutions of 6-hydroxy-2 : 3-di- 
methylquinoxaline 1 : 4-dioxide (1-42 g.) in saturated sodium hydrogen carbonate (50 c.c.) and 
iodine (525 g.) in 10% potassium iodide (70 c.c.) were mixed and the solution kept for 10 days 
at laboratory temperature and then filtered. Sulphur dioxide was bubbled through the solu- 
tion, and the yellow precipitate washed well with water. The yield of iodo-derivative, m. p. 
148-—-160°, was 1-3 g. (Found: N, 8-2; I, 34:8, C,,H,O,N,I requires N, 8-4; I, 38-2%). The 
compound could not be crystallised without partial loss of iodine. 

7(?)-Bromo-6-hydroxy-2 : 3-dimethylquinoxaline 1 : 4-Dioxide.—A solution of bromine (1-5 g.) 
in 12-56% potassium bromide (12 c.c.) was run into one of 6-hydroxy-2 : 3-dimethylquin- 
oxaline 1: 4-dioxide (1-5 g.) in saturated sodium hydrogen carbonate until the red dibromo- 
compound began to separate. The solution was filtered and acidified with dilute sulphuric 
acid. The monobromo-derivative (1-8 g.) crystallised from water in golden needles, m. p. 
180° (decomp.) (Found: C, 42-4; H, 3-3; Br, 27-9. C,,H,O,N,Br requires C, 42:15; 4, 3-2; 
Br, 28-05%). 

Dibromo-6-hydroxy-2 : 3-dimethylquinoxaline 1: 4-Dioxide.-A solution of bromine (3-7 g.) 
in 15% potassium bromide (30 c.c,) was added during 15 min, to one of 6-hydroxy-2 : 3-dimethyl- 
quinoxaline 1 ; 4-dioxide (2-06 g.) in saturated sodium hydrogen carbonate (100 c.c.), and the 
dark red dibromo-devivative (1-26 g.), m. p, 138° (explodes), collected after a further 15 min., 
washed with water, and dried (CaCl,) at ordinary pressure (Found : C, 33-05; H, 2:15; Br, 41-1. 
CH ON, Br, requires C, 33-0; H, 2-2; Br, 43-9%). 

6-Carbethoxy-2 : 3-dimethylquinoxaline 1 : 4-Dioxide,—The quinoxaline (9 g.) and 1-7m-per- 
acetic acid (70 c.c,, containing 0-3% w/v of sulphuric acid and 0-1% of sodium pyrophosphate) 
were kept for 7 hr. at ordinary temperature and then at 55° for 9 hr. Most of the acetic acid 
was evaporated under reduced pressure, and the residue was treated with saturated sodium 
hydrogen carbonate solution, The solid (9-0 g.) slowly obtained was crystallised from benzene~ 
cyclohexane, giving 6-carbethoxy-2 : 3-dimethylquinoxaline 1 ; 4-dioxide (4-5 g.), m. p. 134—-135° 
(Found: C, 59-6; H, 5-5; N, 10-0, C,,H,,O,N, requires C, 59-5; H, 5-4; N, 10-7%). Yields 
by this method were 37-50% and with peracetic acid containing 0—-1% of sulphuric acid but 
no pyrophosphate they were 0-—50%. Performic acid and hydrogen peroxide in acetone or 
acetic acid were unsatisfactory, 

6-Carboxy-2 : 3-dimethylquinoxaline 1 : 4-Dioxide,—-Sodium hydroxide solution (2 ¢.c.; 10n) 
was added to 6-carbethoxy-2 : 3-dimethylquinoxaline 1 ; 4-dioxide (2-3 g.) suspended in water 
(10 c.c.); after 30 min, at room temperature the solution was acidified with 5n-hydrochloric 
acid (5 c.c.), and the precipitate crystallised from 2-ethoxyethanol, giving 6-carboxy-2 : 3-di- 
methylquinoxaline 1; 4-dioxide (1:15 g.), m. p. 243° (decomp.) (Found: C, 56-45; H, 4-45; 
N, 12-4. ©,,H O,N, requires C, 56-45; H, 4:3; N, 11-95%), 

6-Carbamoyl-2 : 3-dimethylquinoxaline 1: 4-Dioxide,—-6-Carbethoxy-2 : 3-dimethylquinoxa- 
line 1: 4-dioxide (2g.) and saturated methanolic ammonia (20 c.c.) were kept at room temper- 
ature for 4 days, with shaking for part of the time. The precipitate was crystallised from water 
(carbon), giving 6-carbamoyl-2 : 3-dimethylquinoxaline 1: 4-dioxide (0-95 g.), m. p. 266° (de- 
comp.), dark yellow rhombs (Found: C, 56-25; H, 4-7; N, 17-8. C,,H,,O,N, requires C, 56-6; 
H, 4:7; N, 180%). In a duplicate preparation there appeared to be some hydrolysis of the 
amide when boiled with water; purification of crystallised material was effected by tritur- 
ation with dilute ammonia solution, 
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6-Dimethylcarbamoyl-2 : 3-dimethylquinoxaline 1 : 4-Dioxide.—The ester dioxide was shaken 
with aqueous dimethylamine (20 c.c.; 25%) for 24 hr., and the residue from evaporation of the 
solution under reduced pressure was crystallised from methanol-ethyl acetate, giving the 
dimethylamide hydrate (0-85 g.) as yellow needles, m. p. 215° (decomp.) (Found ; C, 55-2; H, 5-4; 
N, 14:85. C,,;H,,O,N,,H,O requires C, 55-9; H, 6-1; N, 15-06%). 

2 : 3-Dimethyl-6-(N-3-piperidinopropylcarbamoyl)quinoxaline 1 : 4-Dioxide.—6-Carbethoxy- 
2: 3-dimethylquinoxaline 1 : 4-dioxide (2-1 g.) and 3-piperidinopropylamine (4-6 c.c.) were 
stirred at 95° for 14 hr. Most of the excess of amine was evaporated under reduced pressure ; 
the product crystallised when the residue was dissolved in warm benzene, Recrystallisation 
gave 2: 3-dimethyl-6-(N-3-piperidinopropylcarbamoyl)quinoxaline 1: 4-dioxide (0-45 g.), m. p. 
172—-173° (Found: N, 15-35. Cy,H,,O,N, requires N, 15-65%). 

2: 3-Dimethylquinoxaline-6-hydroxamic Acid | : 4-Dioxide.—Boiling methanolic solutions of 
hydroxylamine hydrochloride (5-35 g. in 27-5 c.c.) and potassium hydroxide (6-4 g. in 16 c.c.) 
were cooled quickly to 30—40° and mixed, the mixture cooled in ice, and 6-carbethoxy-2 ; 3- 
dimethylquinoxaline 1 : 4-dioxide (10 g.) added. After 3 days the mixture was poured into 
water (400 c.c.), and acidified with acetic acid. The precipitated hydroxamic acid crystallised 
from 40% aqueous acetic acid as the monohydrate (4:1 g.), m. p. 230—232° (Found: C, 49-8; 
H, 4-9; N, 15-9. C,,H,,O,N,,H,O requires C, 49-45; H, 4:85; N, 15-7%). 

6-Acetyl-2 : 3-dimethylquinoxaline 1 : 4-Dioxide.—A solution of 6-acetyl-2 : 3-dimethylquin- 
oxaline (5 g.) in 2-Im-peracetic acid (36 c.c.) was kept at ordinary temperature for 10 hr, and 
then at 50° for 8hr. The materia! obtained by concentration below 50° was recrystallised from 
water, giving 6-acetyl-2 : 3-dimethylquinoxaline 1: 4-dioxide (2 g.), m. p. 160—-162° (Found : 
C, 62-35; H, 56-35; N, 12-05. C,,H,,0,N, requires C, 62-1; H, 5-15; N, 12-06%), 

The oxime, recrystallised from 50% acetic acid, had m. p. 244-—~246° (Found: C, 58-2; 
H, 5-25; N, 17-2. CygH,,O,N, requires C, 58:3; H, 5-25; N, 17-0%). 
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l-ora-2 : 4-diazol-5-one. 
By A. R. Karritzky. 


Heating 2-ethoxycarbonylaminopyridine l-oxide gives the compound 
named in the title, the first example of a 1 : 2-pyridino-bicyclic system contain- 
ing a potential pyridine l-oxide group. The preparation and some properties 
of two homologues are described. 


RING systems containing a pyridine l-oxide group as part of a 1: 2-pyridino-bicyclic 
system (as in (I)] have not hitherto been described. They are being sought because of the 
theoretical interest in pyridine l-oxides;! the present paper records the synthesis of 
pyridino(1’ : 2’-2 : 3)-l-oxa-2 : 4-diazol-5-one (II). 

2-Aminopyridine and ethyl chloroformate in pyridine gave 2-ethoxycarbonylamino- 
pyridine and some NN’-di-2-pyridylurea, for the crude product with hydrogen peroxide 
gave, together with the expected urethane oxide (IIL), a sparingly soluble by-product 
which was proved to be NN’-di-2-pyridylurea | ; 1'-dioxide by its synthesis from NN’-di-2- 
pyridylurea.* When heated at 140-150", the urethane oxide (II1) lost one mol, of ethanol 
and gave a compound C,H,O,N,. This could only have been the pyridino-oxadiazolone 
(Il) or 2-tsocyanatopyridine l-oxide; the latter was eliminated because the compound did 
not show the intense absorption at 2269 +. 6 cm. characteristic of isocyanates,’ and 
because it crystallised unchanged from water or ethanol. 

Starting from 2-amino-4- and -6-methylpyridine, similar reactions led to 4’- and 6’- 
methylpyridino(I’ ; 2’-2 : 3)-l-oxa-2 : 4-diazo]-5-one. Although Adams and Miyano * found 


1 See, ¢.g., Jafié, J]. Amer. Chem. Soc., 1954, 76, 3527; 1955, 77, 4448 
* Camps, Arch. Pharm., 1902, 240, 345. 

* Davison, /., 1953, 3712. 

* Adams and Miyano, J. Amer. Chem. Soc., 1954, 76, 2785. 
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that 2-acetamidopyridine l-oxides might be freed from acetic acid by distilling off the 
latter, in this work better results were obtained by removing acetic acid with potassium 
carbonate; in the 6-methyl series omission of this treatment gave the urethane oxide 
acetate. Attempted cyclisation of a crude urethane oxide acetate at 150° in vacuo led to 
explosive decomposition. 


o—c-O 
(¥) 


The considerable stability of the new bicyclic system to heat and oxidising agents (see 
Experimental section) reflects the fact that the representation (II) is only one of several 
contributors to the resonance hybrid. The compound may be described as aromatic, for 
sextets of eletrons are associated with both rings, as is seen in the canonical form (IV). 
Hydrochloric acid cleaved the pyridino-oxadiazoles to 2-aminopyridine 1-oxides which do 
not form stable picrates © but were converted into picrolonates, which have proved suitable 
for characterisation of other pyridine l-oxides.6 Heating the pyridino-oxadiazolone (11) 
with sodium ethoxide also gave 2-aminopyridine l-oxide in poor yield (and, presumably, 
ethyl carbonate) and, similarly, heating with aniline gave carbanilide. With morpholine, 
the pyridino-oxadiazolone (II) gave 2-morpholinocarbonylaminopyridine l-oxide (V). 

As noted by Newbold and Spring ® and by Adams and Miyano‘ 2-aminopyridine 
1-oxides give an intense blue ferric chloride test. The urethanes (as III) from them give 
an intense red colour and the derived urea (V) gives a violet colour with the same reagent. 
All these compounds also gave green colours with cupric ions, but did not change the colours 
of solutions of Nit*, Cot’, or Mn** salts. 

2-Hydroxypyridine l-oxide exists as l-hydroxypyrid-2-one,’? and possibly 2-amino- 
pyridine l-oxide and/or the urethanes and ureas derived from it similarly exist in tauto. 
meric forms (V1). This would show 2-aminopyridine l-oxide as a cyclic amidoxime and 
bring out the relations between the pyrido-oxadiazolones described in this paper and the 
azoximes (l-oxo-2 ; 4-diazoles) ;* these matters are under investigation. 


EXPERIMENTAL 


2-Ethoxycarbonylaminopyridine 1-Oxide,—Ethyl chloroformate (75 g., 66 c.c.) was added 
dropwise at 0° to 2-aminopyridine (50 g.) in pyridine (150 c.c.) with constant shaking. After 
12 hr., pouring the mixture into water gave 2-ethoxycarbonylaminopyridine (60:8 g. 70%), 
m, p. 98—~101°, raised by recrystallisation from ethanol-water (3:1) to 102—103-5° (lit.,* 
m. p. 105°), 

rhe crude urethane (18 g,) in acetic acid (35 c.c.) was heated with 30% aqueous hydrogen 
peroxide (16-5 c.c.) at 70° overnight. Volatile matter was removed at 100°/20 mm., chloroform 
(160 c.c.) was added to the residue, and NN’-di-2-pyridylurea 1 : 1’-dioxide (0-68 g.) filtered off, 

* Newbold and Spring, J., 1949, S 133. 

* Katritzky, /., 1956, 2404. 


* Shaw, J. Amer. Chem, Soc,, 1949, 71, 67; Cunningham, Newbold, Spring, and Sharp, J., 1949, 
2091 


* See, ¢.g., Tiemann, Ber., 1889, 22, 2391. 
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The chloroform solution was digested with potassium carbonate (1¢@g.). Filtration and removal 
of solvent gave the crude urethane 1-oxide (19-2 g., 97%) which after two recrystallisations from 
ether formed needles, m. p. 88-5-—-90° (Found: C, 52-6; H, 5-7. C,H ,O,N, requires C, 52-7; 
H, 55%). Light absorption: max. at 2300, 2650, 3050 A (ce 30,000, 7650, 2950) in neutral 
MeOH ; 2300, 2950 (ec 16,300, 6030), infl., at 2700 (¢ 3680), in ca. 0-LN-methanolic sulphuric acid. 
The compound gave an intense red colour with aqueous ferric chloride. 

The picrolonate separated from ethanol in buff laths, m. p. 135° (decomp.) (Found ; C, 48-6; 
H, 42. Cy,sHysO,gN, requires C, 48-4; H, 4-0%). 

NN’‘-Di-2-pyridylurea 1: 1’-Dioxide.--N N’-Di-2-pyridylurea (0-53 g.), acetic acid (2-5 c.c,), 
and 30% aqueous hydrogen peroxide (0-8 c.c.) were heated for i2 hr. at 70°. Dilution of the 
semisolid product with ethanol and filtration gave the urea 1; 1’-diowide (0-61 g., 100%) as 
needles, m. p. 235-—237° (decomp.), raised by two recrystallisations from acetic acid to 236-—237° 
(decomp.) (immersion at 220°) (Found, after drying at 130°/14mm,; C, 53-6; H,4-2. C,,H,O,N, 
requires C, 53:7; H, 41%). This was identical with the by-product mentioned above (m., p., 
mixed m. p., and infrared spectra), 

Pyridino(\’ : 2’-2 : 3)-l-oxa-2 : 4-diazol-5-one (I1),-—2-Ethoxycarbonylaminopyridine 1-oxide 
(3 g.), heated at 140-—-150° for 1 hr., gave ethanol (0-68 g., 90%) [identified by b. p. (77°5°) and 
conversion into ethyl 3 : §-dinitrobenzoate (2-77 g., 78%), m. p. and mixed m. p. 91-—-92°) and 
a residue of pyridino-oxadiazolone (2-24 g., 100%) which crystallised from ethanol in colourless 
needles, m. p. 203-—-205° (Found: C, 53:3; H, 3-2; N, 20-2. C,H,O,N, requires C, 53-0; 
H, 2-9; N, 206%). Light absorption: max. at 2450, 3100 A (e 17,170, 4030) in MeOH. The 
compound was readily soluble in hot water. It dissolved in hydrochloric acid and was repre- 
cipitated by sodium hydroxide. It sublimed unchanged at 220°/12 mm., gave no colour with 
ferric chloride, did not decolorise bromine or acid permanganate, and reacted with alkaline 
permanganate only on warming. 

The yellow picrolonate, separated from ethanol, had m. p. 125—126° (decomp.) (Found : 
C, 48-2; H, 3-2. C,,H,,0,N, requires C, 48-0; H, 3-0%). 

4’-Methylpyridino(\’ : 2’-2 : 3)-l-oxa-2 : 4-diazol-5-one.—2-Amino-4-methylpyridine similarly 
gave 2-ethoxycarbonylamino-4-methylpyridine (66%), needles (from ethanol), m. p. 124—126-5° 
(Found ; C, 60-0; H, 67; N, 16-0, C,H,,0,N, requires C, 60-0; H, 6-7; N, 156%). Oxid- 
ation of the crude urethane gave, as by-product, the urea dioxide (see below), and 2-¢ethoxy- 
carbonylamino-4-methylpyridine l-oxide (70%), plates (from ether), m. p. 80—81°, giving an 
intense red ferric chloride colour (Found; C, 54:8; H, 63. C,H,,O,N, requires C, 56-1; 
H, 61; N, 143%). Heating the latter as before afforded the methylpyridino-oxadiazolone, 
needles (from ethanol), m. p. 155-6—157° (Found: C, 56-0; H, 42, C,H,O,N, requires C, 
56-0; H, 4-0; N, 18-7%). Light absorption: max. at 2455, 3060 A (e 14-680, 3920) in MeOH. 
The picrate separated from ethanol in yellow needles, m. p. 120-—-121° (Pound ; C, 40-9; H, 2-3; 
N, 18-5. Cy,H,O,N, requires C, 41-2; H, 2-4; N, 18-56%). 

2-Ethoxycarbonylaminopyridine (1 g.) and 2-aminopyridine (1-2 g.) were boiled over a small 
flame for 8 min.; the product, recrystallised from ethanol, gave NN’-di-(4-methylpyrid-2-yl)urea 
(1-48 g., 69%) in needles, m. p. 220—223° raised by further recrystallisation to 222—-224° 
(Found : C, 64:3; H, 6-0; N, 23-2. C,,H,,ON, requires C, 64-5; H, 5-8; N, 23:1%). Oxid- 
ation as described above gave the corresponding dioxide (88°%,), needles (from acetic acid), m. p. 
235-—236° (decomp.) (varies with the rate of heating) (Found; C, 57-2; H, 62. CygH yO, N, 
requires C, 56-9; H, 51%). This was shown to be identical with the by-product mentioned 
above (mixed m. p. and infrared spectrum), 

6’-Methylpyridino(\’ : 2’-2 : 3)-l-oxa-2 ; 4-diazol-5-one.-2-Amino-6-methylpyridine similarly 
gave a urethane (90%), which formed laths, m. p. 56—58°, from ethanol (Found; C, 60-1; 
H, 68%). Oxidation as before gave (without a by-product) the urethane l-oxide (97%), needles 
(from ether), m. p, 65—66-5°, giving an intense red ferric chloride test (Found: N, 147%). 
Omission of the treatment with potassium carbonate gave the corresponding acetate (26%), 
prisms (from ether), m. p. 68-~-70° (Found: C, 51-6; H, 60. C,,H,O,N, requires C, 51-6; 
H, 6-2%). Heating the urethane oxide gave the pyridino-oxazolone (77%), laths (from ethanol), 
m. p. 182-—-183-5° (Found: C, 55-6; H, 3-7; N, 19-0%). Light absorption; max. at 2440, 
3125 A (¢ 19-270, 5610) in MeOH. 

Conversion of Pyridino-oxadiazolones into 2-Aminopyridine 1-Oxides.-Pyridino(’ : 2’-2 : 3)-1- 
oxa-2 : 4-diazol-5-one (2-24 g.) was refluxed with concentrated hydrochloric acid (8 c¢.c.) and 
water (8 c.c.) overnight. Aqueous sodium hydroxide (30%) was added to alkalinity, then 
hydrochloric acid to acidity. Extraction with chloroform (10 x 100 c.c.) gave, after drying of 
the extracts (K,CO,) and removal of solvent, 2-aminopyridine l-oxide (1-28 g., 71%), m. p. 
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159--160-5°, raised by recrystallisation from ethanol-ethyl acetate to 161—162° (lit.,“.5 m. p. 
161--163° and 164—~165°). The picrolonate separated from ethanol in yellow needles, m. p. 
221° (decomp.) (Found; C, 48-5; H, 41. C,,H,,O,N, requires C, 48-1; H, 3-7%). 

The following were similarly prepared: 2-amino-6-methylpyridine l-oxide (82%), prisms 
(from ethanol-ethyl acetate), m. p. 153--1564-5° (lit.,6 153-—-154°); picrolonate, needles (from 
ethanol), m, p. 221-—223° (decomp.) (Found: C, 49-6; H, 41. C,,H,,O,N, requires C, 49-5; 
H, 41%) 

Reaction of the Pyridino-oxadiazolones with Bases,—Pyridino(\’ ; 2’-2 : 3)-1-oxa-2 ; 4-diazol-5- 
one (1 g.) was refluxed with ethanolic sodium ethoxide (from 0-05 g. of sodium and 10 c.c. of 
ethanol) for 8 hr, Carbon dioxide was passed into the product from which, after treatment 
with charcoal, 2-aminopyridine 1l-oxide (0-18 g., 22%), m. p. and mixed m. p. 159—-161°, was 
isolated 

Pyridino(1’ : 2’-2 : 3)-l-oxa-2 : 4-diazol-5-one (1 g.) was refluxed with aniline for 4 hr. under 
nitrogen, On cooling, carbanilide (1-32 g., 85%) separated; it had m, p. 230-—240°, raised by 
recrystallisation from water to 241-242? (lit., 244°) (Found: C, 73-7; H, 5-8; N, 13-2. Cale, 
for CysHyON,: C, 73-6; H, 5-7; N, 13-2%). 4'-Methylpyridino(l’ : 2’-2 : 3)-l-oxa-2: 4- 
diazol-5-oneé similarly gave carbanilide. : 

Pyridino(1’ ; 2’-2 ; 3)-l-oxa-2 ; 4-diazol-5-one (1 g.) was refluxed with morpholine (5 c.c.) 
under nitrogen for 18 hr.; on cooling, 2-morpholinocarbonylaminopyridine 1-oxide (0-74 g., 45%, 
separated; it crystallised from ethyl] acetate in needles, changing to plates, m. p. 120-5-—131° 
(Found ; C, 64-1; H, 6-76; N, 19-0. C,,H,,0O,N, requires C, 53-8; H, 5-8; N, 188%). Itgave 
an intense violet colour with ferric chloride. 


Part of this work was carried out during the tenure of an Imperial Chemical Industries 
Fellowship 
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406. Pteridine Studies. Part VIII.* The Degradation of Pteridine. 


Methylation of the Hydroxypteridines and Degradation of the Products. 


By Aprizn ALBert, D. J. Brown, and H. C. S. Woop. 


Pteridine (1) was found to be a weak acid of pX 12-2. Acid degradation 
led to 2-amino-3-formylpyrazine (II), and alkaline breakdown in the presence 
of hydroxylamine gave the oxime of the amidine (II1; R = CH:N-OH). 
rhe acid degradation of 4-methylpteridine also stopped at the amidine 
stage, 

Attempted quaternization of pteridine was unsuccessful, Methylation of 
2-, 6-, and 7-hydroxypteridine gave in each case a single N-methyl derivative 
(e.g., V), and 2: 4- and 6: 7-dihydroxypteridine gave each an NN’-dimethyl 
derivative. However, 4-hydroxypteridine, depending on conditions, gave 
either two isomeric N-methyl derivatives or one of these plus 4-methoxy 
pteridine, In most cases the products of methylation were synthesized from 
(and also degraded to) known pyrazines or pyrimidines. The further methyl- 
ation of 8-methyl-7-pteridone (X; R « H) was shown to occur at position 6, 
and the mechanism of this is discussed, 


In Part VII,* degradations of 4-, 6-, and 7-hydroxypteridine by acid and alkali were 
described. Degradation of the 2-isomer is more complex, but a preliminary account has 
been given.! The present studies deal with the degradation of pteridine, its attempted 
methylation, the methylation of the hydroxypteridines, and the degradation of the methyl- 
ated products. 

Pteridine.-—-When pteridine (1) was slowly titrated with one equivalent of hydrochloric 
acid, each pH reading drifted to more alkaline values, signifying decomposition. Under 

* Part VII, /., 1955, 2600. 


* Albert, Ciba Symposium on Chemistry and Biology of Pteridines, Churchill, London, 1054, 
pp. 207-209 
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severer conditions 2-amino-3-formylpyrazine (11) was isolated and identified by oxidation 
to the known 3-aminopyrazine-2-carboxylic acid. 4-Methylpteridine, similarly treated 
gave the highly basic N’-(3-acetyl-2-pyraziny!)formamidine (III; R = Ac), and this suggests 
that the alkaline drift during the titration of pteridine is due to formation of a similar 
amidine (III; R == CHO). 


H-O H 


N N N 
7s“ SN 7 "hi o™R 7 N 
S605 “4 ee & 
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(1) (i) (Hy (IV) 


Pteridine proved to be more stable to alkali, giving a pA, of 12-20 * when titrated with 
carbonate-free potassium hydroxide; back-titration showed that no decomposition had 
occurred. This weak acidic character of pteridine explains the spectroscopic shift in 
alkaline solution. The anion is formulated as the resonance-stabilized hydrate (IV).4 

In severer alkaline conditions pteridine decomposed, ¢.g., in 2N-sodium carbonate it 
formed a basic, asphalt-like mass. This appears to be a self-condensation product from 
the amidine (III; RK = CHO) because, when hydroxylamine was also present, the aldoxime 
(IIL; R =: CH!N-OH) was formed in good yield. This oxime was hydrolysed by acid or 
alkali to the very stable oxime of the amino-aldehyde (11). 

This tendency for the pteridine nucleus to lose the pyrimidine (rather than the pyrazine) 
ring on acid and alkaline hydrolyses is consonant with electron-density diagrams * which 
show the pyrimidine ring to be the more polar and hence more readily attacked, Thus, 
too, in the 4-, 6-, 7-monohydroxypteridines ° the ring opened is that bearing the hydroxy- 
group. The analogous (acid) hydrolysis * of quinazoline to 2-aminobenzaldehyde needs 
more vigorous conditions than that of pteridine, as would be expected from the lower 
N : C ratio.4 

It was previously reported’? that butanol-acetic acid is unsatisfactory for paper 
chromatography of pteridine because the latter is photo-decomposed, but re-investigation 
showed that it was only being hydrolysed by the acid; aqueous ammonium chloride has 
now been found satisfactory (see Table). 

Pteridine could not be quaternized with methy! iodide in ether (10 days at 20°) and 
decomposed to a pitch when excess of methyl iodide was used without solvent. 

Monohydroxypteridines can be methylated on oxygen, nitrogen, or carbon, the last 
only under forcing conditions. All the monomethoxypteridines are known and are recog- 
nizable by their melting points and by their rapid hydrolysis to hydroxypteridines, With 
this knowledge, it soon became apparent that methylation usually favoured the nitrogen 
atom. 

Methylation of 2-Hydroxypteridine.—Methanolic diazomethane did not react with 2- 
hydroxypteridine, and methyl sulphate profoundly decomposed it in aqueous suspension 
at pH 8. However, methyl iodide in methanolic sodium methoxide readily gave a product 
C,H,ON,,H,O (not 2-methoxypteridine).** The ultraviolet spectrum of the neutral 
molecule resembled that of 2-hydroxypteridine,* and hence the choice lay between 1-methy]l- 
2-pteridone * (V) and the 3-methyl isomer. The remaining isomer (V1) is excluded because 

* Thermodynamic; spread = -+- 0-01 (0-02m), 

+ We prefer this name to I ; 2-dihydro-l-methyl-2-oxopteridine which the Editor states is correct 
practice for this Journal; and similarly for analogous compounds, It is hoped that a ruling will shortly 
be given by I.U.P.A.C 

Lister, Ramage, and Coates, J., 1954, 4109 
* Brown and Mason, unpublished work. 
Albert, Quart. Rev., 1952, 6, 213, 211 
Albert, /., 1955, 2690 
Gabriel, Ber., 1903, 36, 809. 
Albert, Brown, and Cheeseman, J., 1952, 1620. 
* Idem, ilnid., p. 4219 

* Mason, J., 1955, 2336. 
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the transannular structure would absorb at a much longer wavelength.? No unambiguous 
synthesis of (V) could be devised, but the 3-isomer was prepared from 4 : 5-diamino-1- 
methyl-2-pyrimidone ? which was cyclized with glyoxal. This 3-methyl-2-pteridone was 
different from the methylation product, which must be l-methyl-2-pteridone. The bound 
water in these isomers could not be removed by heat without decomposing them, but that 
in the 1-methyl isomer was readily exchanged for ethanol (2-hydroxypteridine monohydrate 
is dehydrated at 180°, and re-forms the original material on addition of water). 

Attempted degradation of the 1- and the 3-isomer with boiling N-acid or -alkali gave a 
complex mixture from which nothing was isolated. 


fe) 
N. N N wn 
( ) Sy | yn Z CO-NH, a ) NMe 
* J:0 % Ji0 » JNHMe \ :0 
N~ ~N N~ “N N N~ ~N 
Me Me Me 
(Vv) (VI) (Vil) (VIN) 


Methylation of 4-Hydroxy- and 2: 4-Dihydroxy-pteridine.—Diazomethane converted 4- 
hydroxypteridine into a mixture of 4-methoxypteridine “ and 3-methyl-4-pteridone (no 
isomer was detectable) in the ratio of 1:3. This methylpteridone has previously been 
obtained from 2-aminopyrazine-3-carboxymethylamide and formic acid. Methy! sul- 
phate converted 4-hydroxypteridine into 3-methyl- and 1-methyl-4-pteridone (2:1). A 
paper chromatogram (developed in butanol-acetic acid) of the crude methylation mixture 
showed spots for only these two substances; in particular, 4-methoxypteridine and 2- 
methylaminopyrazine-3-carboxyamide (VII) were absent. The 1-methyl-4-pteridone was 
difficult to isolate because the solubilities resembled those of sodium methyl sulphate : 
however it was precipitated as the reineckate and regenerated; it was also synthesized by 
our general method ™ from 2-methylaminopyrazine-3-carboxyamide, prepared from 
2-hydroxypyrazine-3-carboxylic acid through methyl 2-chloropyrazine-3-carboxylate. 
When the methyl sulphate reaction was carried out at pH 7 (where only 10%, of the hydroxy- 
pteridine is anionic) instead of pH 8, very little methylation occurred, even at 50°. 

3-Methyl-4-pteridone was readily decomposed by hot alkali, giving 2-aminopyrazine-3- 
carboxymethylamide (32%) and 2-aminopyrazine-3-carboxylic acid (51%). 3-Methyl-4- 
pteridone was unchanged by cold, but profoundly decomposed by boiling, N-hydrochloric 
acid. 1-Methyl-4-pteridone was unstable in cold alkali, 2-methylaminopyrazine-3-carboxy- 
amide being formed to the extent of 90°, in 5 minutes at pH 12, 70% in 1 hour at pH 11, 
and none in | hour at pH 10. 

Methyl! sulphate similarly methylated 2: 4-dihydroxypteridine to 1: 2:3: 4-tetra- 
hydro-1 : 3-dimethyl-2 : 4-dioxopteridine (VIII) which was unchanged by refluxing 10n- 
hydrochloric acid for 30 minutes. It was quantitatively converted in one minute by 
boiling N-sodium hydroxide into 2-methylaminopyrazine-3-carboxymethylamide, which 
was synthesized from methyl 2-chloropyrazine-3-carboxylate. The dione has also been 
prepared by condensation ™ of glyoxal with 5: 6-diamino-1 ; 2:3: 4-tetrahydro-1 : 3- 
dimethy]-2 : 4-dioxopyrimidine (30°%, yield). 

Methylation of 6-H ydroxypteridine,—5-Methyl-6-pteridone (IX) was formed by the action 
of methyl sulphate on 6-hydroxypteridine in methanolic sodium methoxide (14% yield). 
It formed complexes with unchanged 6-hydroxypteridine which were difficult to decompose. 
No other product of methylation was found. The constitution of 5-methyl-6-pteridone 
was confirmed by synthesis from 4-amino-5-methylaminopyrimidine.“ 6-Hydroxy- 
pteridine was largely unchanged by diazomethane (acting on freshly precipitated material 
suspended in methanol at —10°), by methyl sulphate in water at pH 10-5 (self-buffered, 


Brown, Hoerger, and Mason, /., 1955, 211 

1 Albert, Brown, and Cheeseman, /., 1952, 4219 

* Idem, J., 1951, 474. 

 Blicke and Godt, /. Amer. Chem. Soc., 1954, 76, 2798. 
™ Brown, /. Appl. Chem., 1065, §, 358 
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20°), or by methyl iodide and aqueous potassium hydroxide.’5 It was destroyed when the 
silver salt was shaken with methyl! iodide in methanol at 70°. 

Similar attempts to methylate 7 : 8-dihydro-6-hydroxypteridine produced the iodide of 
a highly basic (pK, = 11-4) trimethyl derivative. The analytical figures suggest the 
constitution 5: 6:7: 8-tetrahydro-5 : 8 : x-trimethy!-6-oxopteridinium iodide, where x is 


Me 
oO: ‘ Sw tf apy 
(IX) ef, 2 
N* “N 


probably 3 because of resonance stabilization of the cation when the charge is shared 
between Nig) and Ny, 

Methylation of 7-Hydroxypteridine and 6 ; 7-Dihydroxypleridine.—-We have previously ” 
described the methylation of 7-hydroxypteridine with diazomethane to give a mono- and a 
di-methylated product of unknown orientation. It is now found that the former is obtained 
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in better yield by the use of methyl sulphate in water at pH 8, and its synthesis from 
5-amino-4-methylaminopyrimidine !* proves it to be 8-methyl-7-pteridone (X; RK = H), 
No 7-methoxypteridine +5 was detected, but an excess of methyl sulphate produced a little 
of the dimethylated product. This was shown, by its synthesis from the above pyrimidine 
and ethyl pyruvate, to be the CN-dimethy! derivative (X; R = Me). Both substances 
were hydrolysed to 5-amino-4-methylaminopyrimidine, quantitatively determined by paper 
chromatography.® 

Methylation on a carbon atom bearing a highly negative charge is well known, ¢.g., in 
the pyrrole, indole, and pyrrocoline series, but electron diagrams show that in pteridine all 
the carbon atoms are positive.‘ The above example is best explained along the lines of 
C-methylation of ethyl §-diethylaminocrotonate '? and the 1 : 2-dihydroisoquinolines,'* 
viz., that resonance between the three-atom systems (XI) and (XII) produces a hybrid 
with a negatively charged carbon atom which is attacked by a methyl cation and, finally, 
a proton is eliminated. The equivalent of (XIJ) in the present case is (XIII) which con- 
tains a five-atom system vinylogous with (XII) and demonstrable by proceeding anti- 
clockwise from the 8-position. This accounts for the C-methylation by methyl sulphate, 
but that by diazomethane is more likely to involve addition across the 5: 6-double bond 
to give, at first, the 1 : 2; 3-triazoline (XIV), just as in the reaction of benzylideneaniline 
with diazomethane.” 

Oxidation of 8-methyl-7-pteridone with nitric acid gave 6-hydroxy-8-methyl-7-pteridone 
(X; R = OH), just as 7-hydroxypteridine gave 6 : 7-dihydroxypteridine.? The structure 
was proved by synthesis from 5-amino-4-methylaminopyrimidine and dimethy! oxalate. 

Methylation of 6 : 7-dihydroxypteridine gave a NN-dimethyl derivative, shown to be 
5:6: 7: 8-tetrahydro-5 : 8-dimethyl-6 : 7-dioxopteridine by (i) alkaline degradation to 


18 Albert, Brown, and Wood, J., 1954, 3832. 

1¢ Brown, J. Appl. Chem., 1964, 4, 72. 

17 Robinson, J., 1916. 108, 1038; Lauer and Lones, /. Amer. Chem. Soc., 1927, 59, 232. 

4* Freund and Fleischer, Annalen, 1915, 409, 188 

* Gensler in Elderfield’s ‘‘ Heterocyclic Compounds,’ Wiley, New York, 1952, Vol, 1V, p. 304 
*” Buckley, J., 1954, 1850. 
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4: 5-bismethylaminopyrimidine, and (ii) synthesis (methylation) from the above 6-hydroxy- 
%-methyl-7-pteridone (from considerations of valency, the entering group can go only in 
the 5-position), 

Discussion.—-It is known that diazomethane does not attack weak acids,” and hence it 
is not surprising that 2- and 6-hydroxypteridine are unaffected whereas the stronger 4- 
and 7-isomers are methylated, Fischer * pointed out that purines become more subject 
to hydrolysis by alkali upon N-methylation. The two N-methyl-4-pteridones exemplify 
this effect in the pteridine series, the time of hydrolysis of 4-hydroxypteridine being reduced 
from several hours ® to less than a minute. Where the product proved to be sensitive to 
cold aqueous alkali, the methylation was carried out in methanol. Like the N-methy! 
purines, the N-methylpteridones are less sensitive to acid than to alkali (cf. the 1 : 3-di- 
methyl-2 : 4-dione, above). 


EXPERIMENTAL 

The analyses are by Mr. P. R. W. Baker (Wellcome Research Laboratories, Beckenham). 
Chromatography was performed on No. 1 paper by the ascending method (authentic materia! 
was included as a control). Substances were dried in air at 110° unless otherwise specified. 

Acid Hydrolysis of Pleridine.—(a) Pteridine ™ (2 g.) and N-sulphuric acid (40 ml.) were re- 
fluxed (bath at 120°) for 5 min, The cooled solution was adjusted to pH 7, treated with carbon 
(0-6 g.), refluxed for 10 min., and filtered through kieselguhr to remove tar. Hydroxylamine 
hydrochloride and hydrated sodium acetate (5 g. of each) were added to the yellow filtrate, giving 
2-amino-3-formylpyrazine oxime (85%) (a second crop obtained on concentration), recrystal- 
lizing from water (20 parts) as needles, m. p. 201-——202° (Found: C, 43-4; H, 41; N, 40-2. 
C,H,ON, requires C, 43-5; H, 44; N, 406%). The oxime is unchanged by boiling n-acetic 
acid during | hr, or n-sodium hydroxide during 24 hr, at 20°. 

(b) The above yellow filtrate was evaporated in vacuo at 20°. The powdered residue was 
sublimed at 65—-70°/0-01 mm., giving 2-amino-3-formylpyrazine (55%), crystallizing from ben 
zene and resubliming as pale yellow needles, m, p. 119—-120°, soluble in 5 parts of water at 100° 
and volatile in steam (Found: C, 49-1; H, 3-8; N, 34-2. C,H,ON, requires C, 48-8; H, 4-1; 
N, 34:1%). When hydrolysis was for 15 min., no aldehyde was obtained. It formed the 
above oxime (97%), m. p. and mixed m, p. 200-—-201°. The aldehyde could not be obtained by 
the action of Raney nickel on 2-aminopyrazine-3-carboxythioamide, or of sodium amalgam at 

5° under slightly acid conditions on ethyl 2-aminopyrazine-3-carboxylate. Neither the 
aldehyde nor the oxime was converted into 2-hydroxypteridine by urea or urethane at 150°, 
urea and formic acid at 125°, or aqueous urea or urethane and a trace of copper acetate; nor 
into 2-aminopteridine by guanidine carbonate at 200°. Pteridine was not re-formed from the 
aldehyde by formamide at 125°, 

Alkaline Hydrolysis of Ptevidine,—Pteridine (0-66 g.) was rapidly dissolved at 20° in 2n-sodium 
carbonate (7-5, ml, 3 equiv.), Hydroxylamine hydrochloride (0-35 g., 1 equiv.) was added at 
once, whereupon some 3-formyl-2-pyrazinylformamidine oxime (III; K = CH{N-OH) was 
deposited. After 24 hr. in the dark at 25° (pH remained at 9-5), the mixture was filtered and 
the washed crystals were boiled with water (10 m1.) for 2 min. (filtrate rejected), giving 60% of 
white product, decomp. slightly at 165°, and almost insoluble in boiling water and organic 
solvents (Found: C, 441; H, 42; N, 42-95; O, 98. C,H,ON, requires C, 43-6; H, 4:3; 
N, 424; O, 97%). Amay. = 303 mu, log ¢ = 3-90, in 0-O0ln-acetic acid; no other peak. This 
amidine (0-16 g.) and N-acetic acid (5 ml.) were refluxed for an hour, adjusted to pH 5, and 
refrigerated, giving 60% of 2-amino-3-formylpyrazine oxime, m. p. and mixed m. p, 199-——200° 
(identity checked by chromatography). 

Oxidation of 2-Amino-3-formylpyraszine.—0-1m-Potassium permanganate (4-4 ml.) was slowly 
added to the aldehyde (0-08 g.) in water (4 ml.) at 20°. The mixture was boiled and filtered. 
rom the sodium salt which crystallized, 2-aminopyrazine-3-carboxylic acid was liberated at 
pH 2-5 in 70% yield, having m, p. 199—-200° (‘mixed m. p, and Ry).™ 

Hydrolysis of 4-Methylpteridine.—0-5n-Sulphuric acid (10 ml., 1-2 equiv.) and 4-methyl- 
pteridine (0-6 g.) were refluxed for exactly 5 min. (pH was 1-5 before and after heating), then 
adjusted to pH 6-5 with sodium hydrogen carbonate. The crystals were dried at 20° and re 
crystallized from water, giving 50%, of pale crystals of N’-(3-acetyl-2-pyraziny!)formamidine as 


*' Arndt and Martius, Annalen, 1932, 499, 247 
*? Fischer, Ber., 1898, 31, 3266 
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sulphate, decomp. 110° (Found, for material dried at 20°/0-01 mm.: C, 39-0; H, 5-4; N, 26-6; 
S, 3-9. C,H,ON,,0-25H,SO,,1-25H,O requires C, 39-8; H, 53; N, 265; S, 38%). Chrom- 
atography, and a negative benzidine test for aldehydes showed the absence of 4-methyl- 
pteridine and 4-amino-5-glyoxylidenepyrimidine respectively, which were not excluded by the 
analytical figures. The sulphate was made alkaline with sodium carbonate, giving the base, 
which recrystallized from alcohol. It is readily soluble in boiling water, but insoluble in benzene 
and decomposes at 200° and on storage at 20° (Found, for material dried at 110°/0-01 mm. : 
C, 49-3; H, 6-1; N, 33-05. C,H,ON,,0-33H,0 requires C, 49-4; H, 5-1; N, 32-05%). 
Reaction of Ptevidine with Methyl Iodide,—-Pteridine (0-12 g.), dissolved in methyl iodide 
(5 ml.), was set aside in the dark at 20° for 14 days. The supernatant liquid (which contained 
a trace of pteridine) was decanted from the black pitch (0-23 g.) which was extracted with 
boiling water (8 x 15 ml.) in which it did not visibly dissolve. The extract was titrated with 
alkali to pH 10, which revealed that 1-05 equiv. of acid had been formed. The iodide ion in this 
solution was precipitated as silver iodide (0-25 g.), revealing an iodine : pteridine ratio of 1-17; 1, 


Paper chromatography :* Ry, and colour of spot in ultraviolet light. 


Developed in butanol-5n- Developed in 3% aqueous 


acetic acid (7: 3)* ammonium chloride * 
Substance Ry 254 mp 365 mp Rp 254 mp 365 my 
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Pteridine 
4-Meth yl pteridine 
2-Hydroxypteridine 
O-Me (m. p. 151°) 
1-Me (dec. 150°) 
3-Me (dec. 210°) 
-Hydroxypteridine 
O-Me (m, p. 195°) 
1-Me (m. p. 224°) 
3-Me (m, p. 286°) 
}-Hydroxypteridine 
O-Me (m. p. 125°) 
5-Me (dec. 190°) 
7-Hydroxypteridine 
O-Me (m. p. 130°) 
8-Me (m. p, 125°) 
6: 8-Me, (m. p. 146—147°) 
6-OH-8-Me 
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2-NH,-3-CHO 
2-NH,-3-CH:N-OH 
2-(N°(CH+*NH,)-3-CH:N-OH 
2-(N{CH’*NH,)-3-COMe 
2-NH,-3-CO,H 
2-NH,-3-CO-NHMe (m. p, 134°) bB 
2-NHMe-3-CO-NH, (m. p. 199°) 80 ; B DB 
* Ascending method. * pH 2-7. * Decomp, (see text). 4 J.¢,, 60%, of distance from starting- 
point to front, * Elongated. / Irradiation at 254 my quickly produces a blue fluorescence, visible 
at 365 my. * As this substance forms chelates, batches of paper contaminated with heavy metals 
need a trace of sodium sulphide in the developing solution, * pH 55. ‘ Applied to paper in 0-1n- 
HCl and chromatographed at 0° (at least 60 cm. ascent is necessary). 
De Dark, against fluorescent background of paper (i.¢,, absorption without fluorescence). X 
Invisible. B Blue or violet fluorescence. a Intermediate between B and DD. G, W «= 
Green and white fluorescences, respectively, 


1-Methyl-2-pteridone (V).—2-Hydroxypteridine monohydrate * (2 g.) was added to boiling 
methanolic sodium methoxide (from sodium, 0-4 g., and methanol, 40 ml.). As soon as the 
sodium salt began to crystallize, methyl! iodide (4 ml,) was added, and the suspension refluxed 
for 1 hr., then chilled for a day. The colourless precipitated 1-methyl-2-pteridone monohydrate 
(70%), recrystallized from water, had m, p. about 150° (decomp.). It is soluble in 145 parts of 
water at 20° and 13 parts at 100°, but poorly soluble in boiling benzene (Found: for material 
dried at 110°/0-01 mm.: C, 46-3; H, 445; O, 17-75; N, 31-3. C,H,ON,H,O requires C, 46-65; 
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H, 45; O, 17-76; N, 311%). [pK’s: acidic, 11-43 + 0-04 (001m); basic, <1. Ags, (mp) 
and loge: 240,3-91; 311, 3-85 (pH 7-0); 236, 3-89; 312, 3-81 (pH 13). Cf. 2-hydroxypteridine: 
240, 3-88; 307, 3-83 (pH 7-0).) It gives a violet colour with n-sulphuric acid, or nN-sodium 
carbonate, at 100° (15 min.). 

When recrystallized three times from ethanol (30 parts), the ethanol solvate was formed, 
colourless needles, m. p. about 155° (decomp.) (Found, for material dried over P,O, at 20° : 
C, 62-35; H, 6-8; N, 27-16. C,H,ON,C,H,O requires C, 51-9; H, 58; N, 26-90%). 

3-Methyl-2-plevidone.—To 4: 56-diamino-1 : 2-dihydro-1-methyl-2-oxopyrimidine ™ ™ (2-1 g.) 
in boiling water (10 ml.) was added syrupy (25%) glyoxal (7 ml. ; adjusted to pH 5 with ammonia). 
AS s00n a6 a@ precipitate was seen the mixture was allowed to cool, and then chilled overnight. 
The solid (2-25 g.) was recrystallized from water, giving colourless needles of 3-methyl-2-pteridone 
monohydrate, soluble in 350 parts of water at 20° and 35 parts at 100°, but poorly soluble in 
organic solvents, decomp, from 210°, m. p. about 280° (decomp.) (Found, for material dried at 
110°/0-01 mm,.: C, 47-0; H, 45; N, 31-25. C,H,ON,H,O requires C, 46-65; H, 45; N, 
31:1%). There was no loss of weight at 155°. The compound gives a violet colour with 
n-sulphuric acid at 100° (lL hr.), pK’s: acidic, 11-01 + 0-05 (0-O01lm); basic, <1. Agay (my) 
and loge: 230, 3-97; 309, 3-89 (pH 7-0); 236, 3-84; 271, 3-66; 313, 3-80 (pH 13). 

4-Hydroxypteridine (improved preparation).—Glyoxal (23 ml. of 50% syrup) in water 
(100 ml.) was adjusted to pH 5 with ammonia and added to 4: 5-diamino-6-hydroxypyrimidine 
(15 g.) in water (300 ml.) at 60—70°. The mixture was heated on a steam-bath until the initial 
precipitate dissolved and for 10 min, longer. Carbon (4 g.) was added. The chilled filtrate 
gave pale crystals of 4-hydroxypteridine (80%), which became colourless when recrystallized 
from 33 parts of water (carbon). 

Methylation of 4-Hydvoxypteridine.—(a) With diazomethane. Methanol (75 ml.) and then 
water (0-1 mL) were added to a suspension of finely divided 4-hydroxypteridine (1-5 g.) in 
0-2m-ethereal diazomethane (210 ml.). The mixture was stirred at 20° for 2 hr. Next day, 
the solid was collected and washed with methanol (5 ml.), giving 56% of 3-methyl-4-pteridone, 
in. p, 283-—284° (mixed m. p. 284—286°), The filtrates were evaporated and the residue 
crystallized from acetone (10 ml), giving 21% of 4-methoxypteridine, m. p. 183°, which re- 
‘ crystallized from ethanol as pale yellow needles, m. p. 192---193° (mixed m. p.), When hydro- 
lysed with cold n-sodium hydroxide," it gave 95% of 4-hydroxypteridine (#, and spectra). 

(b) With methyl sulphate. To a solution (adjusted to pH 8) at 35° of 4-hydroxypteridine 
(1-48 g., 0-01 mole) in 0-5n-sodium hydroxide (20 ml.), methyl sulphate (1 mJ., 1 equiv.) was 
added during 45 min. and the whole was stirred for | hr. longer. The pH was kept at 8 through- 
out by means of sodium hydroxide. After refrigeration, 45%, of 3-methyl-4-pteridone ™ was 
filtered off (m. p. and mixed m. p. 286°), The filtrate was divided into two halves. To the 
first, ammonium reineckate was added and the precipitate was decomposed “ with mercuric 
chloride, giving 1-methyl-4-pteridone, purified by sublimation (12% yield), m. p, and mixed 
m. p. 218°. The other half, adjusted to pH 11—12 with sodium hydroxide, liberated colourless 
2 methylaminopyrazine-3-carboxyamide (20%), m. p. 198—199°, soluble in 100 parts of boiling 
water and 365 of boiling chloroform (Found: C, 47-8; H, 5-3; N, 37-4. C,H,ON, requires 
C, 47-4; H, 63; N, 368%). 

3-Methy]-4-pteridone is soluble in about 9 parts of boiling water and 150 of boiling chloroform. 
It (0-5 g.}, added to boiling n-sodium hydroxide (5 ml.), refluxed for 30 sec., and at once cooled 
in ice, gave 82%, of 2-aminopyrazine-3-carboxymethylamide, m. p. 131-—-134° (mixed m. p. and 
Ry). The filtrate, adjusted to pH 2, slowly deposited 51% of pale needles of 2-aminopyrazine- 
3-carboxylic acid, m. p. 200° (effervescence) (mixed m. p. and Fy). The acid is not derived 
from the amide which is almost unaffected by 5 minutes’ boiling with n-sodium hydroxide. 

1 Methyl-4-ptervidone.—2-Methylamipopyrazine-3-carboxyamide (0-4 g.; see below), acetic 
anhydride (6 ml.; redistilled), and formic acid (6 ml.) were heated for 2} hr. under reflux at 
120°. The mixture was taken to dryness at 80°/vac. The residue was recrystallized (carbon) 
from pentyl alcohol (10 ml.). The crystals, washed with a little ether, were recrystallized twice 
more from pentyl alcohol and dried at 120°, giving 70% of needles of 1-methyl-4-pteridone, 
m, p, 223--224°, soluble in 2 parts of cold water, sublimes at 170°/0-001 mm. (Found: C, 51-8; 
H, 38; N, 34-5. C,H,ON, requires C, 51-8; H, 3-7; N, 34-56%). This pteridone (0-05 g.) in 
0-1mM-bufler (10 ml.; borate pH 10, or phosphate pH 11 or 12) at 20° was seeded with 2-methy!l- 
aminopyrazine-3-carboxyamide and set aside (for results see p, 2068). 


*® Johns, J. Biol. Chem., 1912, 11, 73 
* Panouse, Bull, Soc. chim, France, 1949, 16, 504 
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Pyrazine Intermediates for 1-Methyl-4-pleridone.—3-Hydroxypyrazine-2-carboxylic acid was 
prepared by the action * of nitrous acid on 3-aminopyrazine-2-carboxylic acid. Dry hydrogen 
chloride was passed into a suspension of the hydroxy-acid (6-5 g.) in boiling, dry methanol 
(250 ml.) for 24 hr. The solution was concentrated, in a vacuum, to 50 ml., chilled, and cauti- 
ously treated with ice-water (220 ml.), and the pH adjusted to 3 by sodium hydrogen carbonate. 
Sodium chloride (55 g.) was then added and the solution was extracted with ethyl acetate (550 ml.) 
for 8hr. The extract was dried, boiled with charcoal (3 g.) for 10 min., filtered, and evaporated 
in a vacuum, The yellow residue was sublimed at 130° (bath)/0-05 mm., giving methyl 3- 
hydroxypyrazine-2-carboxylate (4-7 g., 65%), m. p. 15i1—152° (lit., 151°). This method is more 
convenient than earlier ones. * This ester (3-4 g.) and freshly distilled phosphorus oxychloride 
(20 ml.; catalysed by a drop of 10n-hydrochloric acid) were refluxed for 3 hr., then taken nearly 
to dryness at 80° ina vacuum. The residue was poured on crushed ice (140 g,), and the mixture 
stirred for 20 min. The pH was adjusted to 6 with ammonia, sodium chloride (68 g.) was added, 
and the mixture extracted with ethyl acetate (8 x 35 ml.). The dried (Na,SO,) extracts were 
evaporated under reduced pressure, to give a pale brown oil (83%; substantially pure) which 
on distillation (b. p. 50-—52°/0-04 mm.) gave methyl 3-chloropyrazine-2-carboxylate, plates, m. p. 
31—32° (Found: C, 41-8; H, 2-8; N, 16-6; Cl, 20-6. C,H,O,N,CI requires C, 41-75; H, 2-9; 
N, 16-2; Cl, 20-6%). 

This ester (2-4 g.; not distilled) was swirled with aqueous ammonia (30 ml.; d@ 0-89) at 20° 
for 5 min., and set aside for 2 hr. The precipitate (1-83 g., 84%; m. p. 183--185°), when re- 
crystallized from water (20 ml.; charcoal), gave the amide (1-6 g.), plates, m. p. 186-—-187° 
(Found: C, 385; H, 2-6; N, 26-7; Cl, 22-4. C,H,ON,ClI requires C, 38-1; H, 2-6; N, 26-7; 
Cl, 22-5%). 

3-Methylaminopyrazine-2-carboxyamide (V11).—-3-Chloropyrazine-2-carboxyamide (0:25 g.) 
and 33%, alcoholic methylamine (6 ml.) were heated at 130°, under pressure, for 6 hr. The 
product was evaporated and recrystallized from water, giving 3-methylaminopyrazine-2- 
carboxyamide as pale yellow needles, m. p. 198—199° (80%) (Found: C, 47-1; H, 5-4; N, 
36-7%). It was not obtainable from 3-aminopyrazine-2-carboxyamide by the action of form- 
aldehyde and hydrogen over Raney nickel and sodium acetate (cf. ref. 27). Methyl 3-amino- 
pyrazine-2-carboxylate could not be methylated with methyl iodide and sodamide in boiling 
benzene (cf. ref. 28). 3-Chloropyrazine-2-carboxylic acid could not be prepared by the action 
of phosphorus oxychloride on 3-hydroxypyrazine-2-carboxylic acid, or by the action of sodium 
nitrite in L0n-hydrochloric acid (with or without cuprous chloride) on the amino-acid, 

Methylation of 2 : 4-Dihydroxypteridine.—A suspension of 2: 4-dihydroxypteridine (1-64 g., 
0-01 mole) in water (25 ml.) was stirred in a bath at 35°, then adjusted to pH 8 by n-sodium 
hydroxide. Methyl sulphate (2 ml., 0-02 mole) and 10n-sodium hydroxide (to keep the pH at 
8-8-5) were added in alternation, during 2 hr. The mixture was stirred (with occasional 
adjustment of pH) for 4 hr. more, then cooled overnight. ‘The crystals (0-8 g.) were filtered off 
and the mother-liquor shaken with chloroform, which extracted 0-4 g. more (total yield, 60%). 
Crystallization from water gave white crystals of 1: 2:3: 4-tetrahydro-1 : 3-dimethyl-2 : 4- 
dioxopteridine (VIII), m. p. 200°, soluble in about 22 parts of boiling water and 150 parts at 20° 
(Found: C, 50-6; H, 42; N, 28-9. Cale, for C,H,O,N,: C, 60-0; H, 4:2; N, 202%). 

3-Methylaminopyrazine-2-carboxymethylamide,—-Methy| 3-chloropyrazine-2-carboxylate (1:35 
g.) was heated with 33% alcoholic methylamine (26 ml.) for 6 hr. at 130°, then boiled with char 
coal, filtered, and evaporated to dryness. The residue was recrystallized from water, sublimed 
at 86°/0-05 mm., and recrystallized from light petroleum (b. p. 40—60°), giving the methylamino- 
methylamide as pale yellow needles (80%), m. p. 73° alone or mixed with the sample obtained 
by boiling the dione for 1 min. with n-sodium hydroxide (2 equiv.) (Found: C, 60-7; H, 58; 
N, 33-8. C,H ON, requires C, 50-6; H, 6-1; N, 33-7%). This pyrazine could not be con- 
verted into the above dione with ethyl carbonate (or ethyl chloroformate) and acetic anhydride. 

Methylation of 6-Hydvroxypteridine.—-6-Hydroxypteridine monohydrate (1-65 g., 0-01 mole) 
was dissolved in a solution of sodium methoxide (from 0-46 g. of sodium in 46 ml. of methanol) 
at 20°. Methyl sulphate (1 ml.; 1 equiv.) was added during 30 min. and the solution set aside 
for | hr. It was acidified with 5y-acetic acid (3-3 ml.), and the methanol removed, Water 
(8 ml.) was added, and the mixture (pH 6-2) was chilled overnight and filtered from a 
residue (RK). The filtrate was boiled with carbon and concentrated to 3 ml., giving 0-2 g. of 
material assaying spectroscopically for a 2:1 crystalline complex of 5-methyl-6-pteridone 

*® Spoerri and Fibel, J]. Amer. Chem. Soc., 1948, 70, 3011 


** Macdonald and Ellingson, ibid., 1947, 68, 1034. 
#7 Emerson, in ‘ Organic Reactions,"’ Wiley, New York, 1948, Vol. IV, p. 174 
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(684%) and 6-hydroxypteridine (31-3%) monohydrates (),,,, 296 and 356 my respectively, in 
0-ls-potassium hydroxide), The residue (R) was dissolved in n-hydrochloric acid (10 ml), 
adjusted to pH 6-2 at 100° with 2n-sodium carbonate, and refluxed for 4 hr. The suspension 
was filtered at 100° from 6-hydroxypteridine (0-9 g.), and the filtrate gave, after concentration, 
0-16 g. of the above 2; 1 complex. When this complex was refluxed with insufficient methanol 
to dissolve it, both the solid and the filtrate maintained this composition, but when it was 
repeatedly recrystallized from 30 parts of water, a new proportion of 5: 2 was established. No 
other solvents gave a separation. Sublimation at 140°/0-01 mm. gave a mixture containing 
42% of the methylated product. The progress of this concentration was also followed by 
paper chromatography, Finally, chromatography on a cellulose column (1 m. long) gave pure 
5-methyl-6-pteridone, identical with that described below. 

5-Methyl-6-pteridone,—-4- Amino-5-methylaminopyrimidine “ (0-5 g.), ethyl glyoxylate hemi- 
acetal (1 ml.), and 2-6n-hydrochloric acid (10 ml.) were refluxed for 14 hr, The solution was 
cooled and adjusted to pH 6, and the product reerystallized from water, giving 70% of colourless 
5-methyl-6-pteridone monohydrate, decomp. about 190°, soluble in 40 parts of boiling water and 
560 parts at 20°, and in about 100 parts of boiling methanol, i.¢., at least 10 times more soluble 
than 6-hydroxypteridine in these solvents (Found, for material dried at 120°/0-01 mm.: C, 46-7; 
H, 43; O, 181; N, 30-65. C,H,ON,,H,O requires C, 46-65; H, 45; O, 17-8; N, 311%). 
There was no further loss at 160°. Aga, at pH 13; 206; 2,,, 244. pK, in H,O at 20° and 
0-Olm: 3°73 4 O-O1 (basic) and 10-6 (acidic). The pteridone was unaffected by n-hydrochloric 
acid for an hour at 100°, but in 6-1y-sodium hydroxide decomposition was detected after 15 min. 
at 20°. 

Methylation of 7 : 8-Dihydro-6-hydroxypteridine.—Methanolic sodium methoxide (from 0-16 g. 
of sodium and 16 ml. of methanol), finely ground 7 ; 8-dihydro-6-hydroxypteridine (0-8 g.), and 
methyl iodide (1-6 ml.) were refluxed for 30 min. and filtered. ‘The filtrate, refrigerated for 
2 days, deposited 0-6 g. of (apparently) 5: 6: 7: 8-tetrahydro-3 ; 5 : 8-trimethyl-1-oxopteridinium 
iodide, which crystallized from ethanol as yellow needles, softening at 220° (decomp.), very 
soluble in cold water (the iodine is ionic; there was no loss in weight at 150°/0-01 mm.) (Found : 
C, 34-2; H, 42; N, 17-6; 1,400. C,H yON,I requires C, 34-55; H, 4-1; N, 17-5; I, 397%). 

Methylation of 1-Hydroxypteridine.-—T-Hydroxypteridine ’ (1-48 g., 0-01 mole) was dissolved 
in N-potassium hydroxide (10 ml.) and the pH lowered to 8-0, Methyl sulphate (1 ml., 1 equiv.) 
was added during 45 min., with stirring, the pH being kept at 8 with 10n-potassium hydroxide. 
The solution was stirred for 30 min. longer, and refrigerated. Next day the crystals were 
filtered off, and the filtrate (B) was extracted with chloroform (50 ml.) which was evaporated. 
The combined solids were recrystallized from light petroleum (b. p. 60-—80°), giving 50% of 
8-methyl-7-pteridone, m, p, 126°, identical with previous material’ and with that described 
below, soluble in 3 parts of boiling chloroform, and 5 of boiling alcohol. From the aqueous 
filtrate (B), 10% of 7-hydroxypteridine was recovered as the sparingly soluble sodium salt; 
much methylamine was also present. From the petroleum mother-liquors, 1—5% of 6 : 8-di- 
methyl-7-pteridone, m. p, 145-—146°, was recovered. 

Hydrolysis of 1-Pteridones,—8-Methy|-7-pteridone (0-002 mole) was heated at 100° for 2 hr. 
with n-sodium hydroxide, or n-sulphuric acid ( 2 equiv.), The alkaline solution was adjusted 
to pH 10 and evaporated, Quantitative paper chromatography * showed 94% hydrolysis to 
5-amino-4-methylaminopyrimidine “ (),,,, 286 my). The residue was extracted with isobutyl 
methyl ketone, The extract was concentrated to 1 ml., giving 75% of pale yellow 5-amino-4- 
methylaminopyrimidine, m. p. and mixed m. p, 207-—209°. After the acid hydrolysis, the pH 
was raised to 4-6. Unchanged starting material (40°) was recovered by extraction with chloro- 
form (10 4+ 10 ml), The aqueous layer was adjusted to pH 10 with sodium carbonate at 100°, 
evaporated, and treated as above, giving 40% of the pyrimidine, m. p. 207—209°. 6: 8-Di- 
methyl-7-pteridone, similarly treated with alkali, gave the same pyrimidine (90% by chromato- 
graphy, 70%, isolated), 

Synthesis of the 1-Pteridones.—5-Amino-4-methylaminopyrimidine (2-5 g.), ethyl glyoxylate 
hemiacetal * (4 ml.), and water (30 ml.) were refluxed for 1 hr. Next day, the crystals were 
collected and washed with water (10 ml.) ; concentration of filtrate and washings gave a second 
crop. The yield of anhydrous 8-methyl-7-pteridone (from 120 parts of light petroleum, b. p. 
60—80°), m, p, 123—124°, was 85%. No isomer is structurally possible. Refractionated ethyl 
pyruvate ” (2-5 g.; b. p. 84—86°/50 mm.) similarly gave 70% of 6: 8-dimethyl-7-pteridone 

** Tschitschibabin, Bery., 1921, §4, 814. 

* Rigby, J., 1960, 1912 

*” Boeseken and Felix, Ber., 1929, 62, 1315. 


1956} Pteridine Studies. Part VIII. 2075 


(X; R = Me) [from 50 parts of water, then 50 parts of light petroleum (b. p. 80-—-100°)], m, p. 
146—147°, soluble in 175 parts of water at 20°. 

6-H ydroxy-8-methyl-7-pleridone (X; R = OH).—(a) Nitric acid (0-2 ml.; d@ 1-5) was added 
to 8-methyl-7-pteridone (0-4 g.) in sulphuric acid (0-8 ml.). After 2 hr, at 25° the mixture was 
poured on ice and neutralized with ammonia, giving 70%, of 6-hydroxy-8-methyl-7-pleridone, 
Recrystallization from 30 parts of water gave colourless plates, m. p, 308--311° (decomp.), 
almost insoluble in boiling chloroform (Found: C, 47-1; H, 3-5; O, 180; N, 31-4, C,H,O,N, 
requires C, 47-2; H, 3-4; O, 17-95; N, 31-45%). 

(6) 5-Amino-4-methylaminopyrimidine ¥ (1-25 g.) and dimethy! oxalate (2-5 g.) were heated 
at 145—150° for | hr. The cooled mass was triturated with alcohol (15 ml.) and filtered. The 
solid was recrystallized from water and gave 50%, of material identical with the above. 
In alcohol, only the oxalate of the starting material was obtained, colourless hygroscopic 
prisms, m. p. 196—198° (from methanol) (ound, for material dried at 20°; C, 38-7; H, 5-8, 
C,H,N,4§C,H,O,,H,O requires C, 38-4; H, 5-9%). Fusion gave a little 6-hydroxy-8-methyl-7- 
pteridone. 

Methylation of 6: 7-Dihydroxypteridine.—To a stirred suspension of finely powdered 6: 7- 
dihydroxypteridine (1 g.; 0-006 mole) in methanol (50 ml.) was added a solution of sodium 
methoxide (0-3 g. of sodium in 30 ml. of methanol) and during the next 3 min, methyl sulphate 
(0-62 ml., 0-006 mole). After 15 min. sodium (0-15 g. in methanol) and methyl sulphate (0-62 ml.) 
were added as before, and these two reagents were again added after 15 min. The mixture was 
stirred for 45 min., and acetic acid added until the pH of a sample (diluted 1: 3 with water) was 
7. The methanol was recovered (finally in a vacuum), water was added (3 ml), then chloroform 
(560 ml.), and the whole was refluxed until no solid remained, cooled, and separated, The aqueous 
layer was shaken out with more chloroform (50 ml.). The non-aqueous layers were dried 
(Na,SO,), and the solvent was removed, giving 35%, of colourless 5: 6: 7: 8-tetrahydro-5 : 8- 
dimethyl-6 : 7-dioxopteridine, m. p. 195° (203-—-204", after recrystallization from 40 parts of 
benzene or 14 parts of water) (Found; C, 50-6; H, 4-0; N, 288. C,ysH,O,N, requires C, 50-0; 
H, 4:2; N, 20-2%). 

6-Hydroxy-8-methyl-7-pteridone, similarly methylated, gave the same product, m., p. 
202-—203°. 

4: 5-Bismethylaminopyrimidine.—The foregoing dione (0-2 g.) and n-sodium hydroxide 
(3 ml., 3 equiv.) were refluxed for 90 min. (sodium oxalate crystallizes). The solution was neutral- 
ized, sodium carbonate (0-2 g.) added, and the whole taken to dryness. The residue was ex- 
tracted with boiling acetone (25 ml.), The acetone was recovered and the residue recrystallized 
from benzene, giving 4 : 5-bismethylaminopyrimidine, m. p. 140-——-142° (Found, C, 62-5; H, 7:25; 
N, 40-4. C,H, )N, requires C, 52-1; H, 7:3; N, 405%). This could not be prepared by the 
direct methylation of 4: 5-diaminopyrimidine or by the reduction with lithium aluminium 
hydride ™ of 5-formamido-4-methylaminopyrimidine. 


We thank Dr. S. F, Mason for helpful discussions, and Mr. F.. P, Serjeant for measurements of 
physical constants. 
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407. Studies on Specific Chemical Fission of Peptide Links, Part 11.* 
The Preparation and Hydrolysis of \-Acylpyrrolid-2-ones Derived 
from «-Glutamyl Peptides. 

By Atanw R. Batrerssy and J. C. Ropinson. 


«a-Esters and a-dialkylamides of N-acylglutamic acids have been cyclised 
by thionyl chloride at 0° to the corresponding l-acylpyrrolid-2-ones of types 
(IX) and (II) respectively. Under similar conditions, the a-glutamyl 
peptide (Ig) is cyclised in high yield to the acylpyrrolidone (IIg), whereas 
cyclisation by way of the mixed carbonic anhydride gave the imide (VIg). 
An examination of the hydrolysis of all these cyclic products with cold dilute 
alkali has shown that a useful amount of specific fission of the peptide chain 
at the nitrogen atom of the glutamy!] residue can be achieved by way of acyl- 
pyrrolidones. However, when imide formation is possible, rearrangement 
of part of the acylpyrrolidone by alkali to the imide is a complicating feature 
of the hydrolysis. 


Part I* of this series described the first step of a scheme for specific fission of peptide 
chains at those points where aspartic and glutamic acid residues occur. Though this route 
still occupies our attention, we also wished to develop shorter routes. One such scheme 
for fission of a peptide chain adjacent to glutamic acid residues included the conversion 
of aglutamyl peptides (1) into l-acylpyrrolid-2-ones (II). Being diacylamines, these 
should be readily hydrolysed by dilute alkali.1 Moreover, in the absence of powerful 
steric hindrance, specific fission {at (a) in II} would be expected to be favoured over ring- 
opening {at (6) in Il), since the former is a result of attack by hydroxyl ion at the more 
electrophilic carbonyl group.*% However, the desired cyclisation of the peptides (I) to 
acylpyrrolidones (I1) is subject to competition from the alternative ring-closure leading 
to imides (VI). Indeed, when Clayton and Kenner‘ treated an acylated a-glutamyl 
tetrapeptide with thionyl chloride and pyridine, only the related imide was isolated. 
Cyclisation of «-glutamyl peptides to imides has also been realised by a different method 
in this laboratory * and by Sondheimer and Holley.® 

No examples occur in the literature of cyclisation of a peptide of type (I) to an acyl- 
pyrrolidone (11), though in two cases ®7 a-benzyl esters of N-acylglutamic acid (VIII; 
Kt’ = CH,Ph, R” = H) have been converted into acylpyrrolidones (IX; R’ = CH,Ph). 
Here, however, only acylpyrrolidone formation is possible, and the products were not 
further examined, Accordingly, we undertook a study of the preparation and hydrolysis 
of several l-acylpyrrolid-2-ones, in cases without and in cases with competition from 
imide formation. 

a-Ethyl N-benzoyl-pi-glutamate (VII1a) was cyclised at 0° by a large excess of thionyl 
chloride, which also acted as solvent, to give 84% of 1-benzoyl-5-ethoxycarbonyl-pL- 
pyrrolid-2-one (1Xa). This is a stable compound under neutral or slightly acidic conditions 
and is unaffected by a short treatment with aqueous sodium hydrogen carbonate. It is so 
rapidly attacked by aqueous alkali, however, that the reaction can be run as a slow titration. 
When the hydrolysis was conducted in ethanol at room temperature with 1 equiv. of 
0-1N-sodium hydroxide, the solvent participated in the reaction and 26% of diethyl 
N-benzoy!-pL-glutamate * (VIIIb), formed by ring-opening, was isolated in addition to 
13%, of benzoic acid formed by fission of the chain. It seemed probable, in view of the 
isolation of the diester (VILI4), that ethyl benzoate is also a reaction product and that, in 


Part I, J., 1956, 259. 


+. 
' Titherley and Stubbs, /., 1914, 106, 269 

* Emery and Gold, { 1050, 1455. 

* Battersby and Robinson, /., 1955, 259. 
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consequence, the yield of benzoic acid above is not a true measure of specific fission. The 
hydrolysis was, therefore, repeated in aqueous dioxan and a 42%, yield of benzoic acid was 
obtained, representing fission of 42%, of the acylpyrrolidone (1Xa) in the desired manner. 

The «-ethyl N-benzoyl-pi-glutamate (VIIIa) used in the foregoing experiments was 
prepared, in admixture with the y-ethyl isomer and diethyl N-benzoy!l-p1L-glutamate 
(VIII4), by heating N-benzoyl-pi-glutamic anhydride * with ethanol. The acidic products 
were separated by countercurrent distribution and orientated by identification of the 
stronger acid as y-ethyl N-benzoyl-pi-glutamate (VIIIc) of unequivocal structure.* Also, 
the conversion ot the weaker acid into the acylpyrrolidone (IXa) described above supports 
the assigned structures. The «-ester made up roughly 80°, of the acidic products, in 
keeping with earlier experience of ring-openings involving N-benzoy]-aspartic and -glutamic 
anhydride.® 1% 

In order to study an acylpyrrolidone derivative having the acyl group derived from an 
N-acylamino-acid, the peptide N-benzoylglycyl-pL-glutamic acid a-diethylamide (Id) was 
prepared. This involved coupling N-benzoylglycine with dimethyl glutamate |! by the 
mixed anhydride method #* and hydrolysing the resultant diester (VIIIe) with alkali to 
give N-benzoylglycyl-pL-glutamic acid (VIII/). Condensation of this with diethylamine 
a R-CO,H 

+ 


' 
’ ' , 
R-CO-NH-CH-CO-NRR” RCO+-N— CH:CO'NRR” HN— CH-CO-NRR” 


| -+-l- 
— b 
[cH,] ;cO,H ay OC. cH, Tay" oc Fo” 


(1) =* (8) Rr a (m1) 


R-CO-NH-CH — CO R-CO-N=———CH-CO-NR” 
| oN e| 
[cH,] co — 


(w) (tw) 
{ 


R-CO'NH:CH-CO;H R-CO-NH-CH-CO,R’ R-CO-N——CH-CO,R’ 
(CH,];CONRR” [CH],-co,# —* " 


N 4 
(wm) (mz) cH, 


Series (a) : «: Ph, R’ «= Et, R” = H. Series (f): R = Ph-CO-NH-CH,, R’ = R” = H. 

Series (b): » Ph, R’ = R” we Et, Series (g): R = Ph; R’ = H, he a 

Series (c) : « Ph, R’ = H; RY” == Et. CHyCO-NH*{CH,)},°*Me, 

Series (d): Ph-CO-NH-CH,, R’ = R” = Et. Series (hk): R = Ph, R’ = CH, Ph, RY = te 

Series (¢) : = Ph-CO*NH’CH,, R’ = R” = Me. Series (i): RK = Ph, R’ « H, hk’ e CH,Ph, 
Series (j): R = Ph, R’ = R” = CH,Ph. 


by the mixed anhydride method, with only one equivalent each of ethyl chloroformate and 
triethylamine, afforded a mixture of the isomeric a- and y-glutamyl peptides, (Id) and 
(VIId) respectively, which were readily separated by virtue of their different acidic strengths. 
The weaker acid was assigned the former structure, an assignment which was confirmed 
by reactions carried out subsequently on this acid. 

The last step in the above synthesis appears to offer some advantages over methods 
involving protection of one carboxyl group for those preparations of glutamyl peptides in 
which simplicity is more important than a high yield of one isomer. In the case examined, 

* Pauly and Weir, Ber, 1910, 48, 661. 

” King and Kidd, J., 1951, 2976. 

1t Hillmann, Z. Naturforsch., 1946, 1, 682. 


8 Boissonnas, Helv. Chim. Acta, 1951, 94, 874; Vaughan, |. Amer. Chem. Soc., 1061, 78, 3547; 
Wicland and Bernhard, Annalen, 1961, 872, 190. 
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the combined yield of the a- and y-glutamyl peptides, before fractionation was 70%. The 
separation of such mixtures of peptides is possible quantitatively by countercurrent 
distribution or, less efficiently but more simply, by fractional precipitation. 

When the foregoing N-benzoylglycyl-pL-glutamic acid «-diethylamide (Id) was cyclised 
with thionyl chloride at 0°, a 90%, yield of the l-acylpyrrolid-2-one (IId) was obtained. 
This was hydrolysed rapidly at room temperature by 0-1N-sodium hydroxide in aqueous 
dioxan and the acidic products were separated by fractional precipitation with acid from 
a solution of their sodium salts. The weaker acid (23°/,) was recovered starting material 
(Id) formed by opening the pyrrolidone ring {(6) in II) and the stronger acid (36°/,) was 
N-benzoylglycine arising by fission of the peptide chain {(a) in II]. The amount of chain 
fission is probably higher than 36%, since the quoted yields of the two acids represent 
isolated solids and account for only 59°, of the acylpyrrolidone hydrolysed. 

Finally, a study was made of the cyclisation of N-benzoyl-a-pi-glutamylglycine 
n-hexylamide 4 (Ig) where acylpyrrolidone and imide formation are possible. An indication 
of the conditions which might favour the former cyclisation over the latter came from 
Kanewskaja’s experiments.’ This worker found that 8-benzamidovaleric acid (X) with 
thiony! chloride at 0° yielded the corresponding acid chloride (XI) which was moderately 


oc Ph:CO-'N 
Ph-CO-NH[CH,] “CO —— Ph-co-NH{CH] ,, COC! rT -) 
(X) (XI) (Xl) 


soci 
Ph:CO-NH[CH,] ;CO,H —ar> nee ie 


Oo: 
(xm) (XIV) 


table at 0°, but eyelised to 1-benzoylpiperid-2-one (XII) at 35°. The acid chloride from 

y-benzamidobutyric acid (XIII), however, cyclised even at 0° to 1-benzoylpyrrolid-2-one 
(XIV). Accordingly, the peptide (Ig) was treated with an excess of thionyl chloride at 
0° for 10 hr., 94%, of a crystalline neutral product A being obtained. Neither longer 
treatment times nor treatment at —20° for 19 hr. appreciably affected the yield, but 
cyclisation was incomplete after 2 hr. at 0°, only 34%, of A being isolated. Analysis 
howed that A had been formed from the peptide (Ig) by loss of one molecule of water. 

When this produet A was treated with 1 equiv. of 0-1n-sodium hydroxide in aqueous 
dioxan, ready hydrolysis occurred and benzoic acid was isolated in 45% yield. The neutral 
hydrolysis product, isolated in 45°, yield, is presumably 5-oxo-pL-pyrrolidine-2-carbony] 
glycine n-hexylamide (IIIg), but we were unable to isolate it analytically pure. The 
remaining products were acidic and were shown by countercurrent distribution to consist 
of a mixture of 54°, of the «-glutamyl peptide (Ig) and 46°%, of the y-glutamyl isomer * 
(Vilg). Together, these two acidic peptides account for 44% of the original 
acyl pyrrolidone, 

Isolation of the y-glutaray! peptide (VIIg) from the hydrolysis products of A shows 
either that A is a mixture of the required acylpyrrolidone (IIg) and the imide (VIg) or that 
A is one of the pure isomers (Ig) and (VIg) which undergoes rearrangement during alkaline 
hydrolysis. Against the first posstbility it was found that A was unchanged by repeated 
recrystallisation and also by countercurrent distribution for 1060 transfers. Moreover, 
the distribution curve had the theoretical shape. Evidence in favour of the second 
possibility was therefore sought by synthesis of the acylpyrrolidone derivative (IIg) in 
the following way. 

«Benzyl N-benzoyl-pi-glutamate (VIII4) was prepared and separated from the 
accompanying y-benzyl isomer (VIITI#) and dibenzyl N-benzoyl-pL-glutamate (VITI)) as for 
the analogous ethyl esters above. The assignments of structure to the monobenzy] esters 
on the basis of acidic strength were confirmed by conversion of the stronger acid (y-benzyl 


* Kanewskaja, Ber., 1036, 69, 266. 
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ester) into the thiohydantoin (XV) with acetic anhydride and ammonium thiocyanate, 
a reaction characteristic of y-esters and y-amides in the N-acylglutamic acid series.™ 
These reagents left the weaker acid (a-benzyl ester) largely unchanged. The a-benzyl 
ester (VIIIA) was then cyclised with thiony! chloride at 0° to give 93%, of 5-benzyloxy- 
carbony]-1-benzoyl-pL-pyrrolid-2-one (IXh) which was smoothly hydrogenolysed over 
palladium-charcoal. The resultant 1-benzoyl-5-oxo-pL-pyrrolidine-2-carboxylic acid 
(Xz) was converted into the mixed carbonic anhydride (IX; R = Ph, R’ = CO,Et) 
which was treated slowly with glycine n-hexylamide.* These conditions allowed 
preferential attack by the base at the more reactive anhydride function rather than on the 
diacylamine grouping. The neutral product (IIg) was identical with product A and, as 
would be expected, gave on hydrolysis with alkali the same products in the same amounts, 
within experimental error, as did A. The hydrolysis products were benzoic acid (51%), 
a neutral fraction (50%), and an acidic mixture consisting of 55%, of the a-glutamyl peptide 
(Ig) and 45%, of the y-glutamyl peptide (VIIg). 

Further evidence in support of the acylpyrrolidone structure (IIg) for A and for A’s 
homogeneity was forthcoming when the a-glutamy! peptide (Ig) was converted into its 
mixed carbonic anhydride (Ig; CO-O-CO,Et in place of CO,H) and this was allowed to 
cyclise at low temperature. The neutral product was isomeric with A, but differed 
sufficiently from it to admit of their ready separation, after mixing, by fractional 
crystallisation. This second product is clearly the imide (Vlg) since it underwent ready 
hydrolysis by 0-1N-sodium hydroxide to give a mixture consisting of 78%, of the y-glutamy] 
peptide (VIIg) and 22% of the a-glutamy! peptide (Ig). These accounted for 93°, of the 
imide hydrolysed and no benzoic acid could be detected in the hydrolysate. This result 
is of importance for our main argument, but it also allows an answer to be given to a 
problem which was left open in Part I of this series.* There the ester (XVI) was rearranged 


Ph‘CO-N-——CH ‘[cH,],-Co,cH,Ph 


sc. co 
\% Ph:CO: NHICH: CO-NH:CH,CO'NH[CH,],"Me 


H 
(xy) [cn,] 2Et (xu) 


by aqueous sodium hydroxide to give a mixture of the a- and y-glutamyl peptides (Ig; 
43%) and (VIIg; 57%) respectively, the rearrangement proceeding by way of the imide 
(VIg). At that time the extent to which simple ester hydrolysis contributed to the yield 
of the «-glutamyl peptide (Ig) was not known, but comparison of the relative amounts of 
the peptides obtained from the ester (XVI) and from the imide (VIg) shows that ester 
hydrolysis competes significantly with the rearrangement in contrast to the aspartyl 
analogue.® 

The foregoing results show that the «-glutamy! peptide (Ig) can by cyclised in high 
yield to the required acylpyrrolidone (IIg) and that when this is treated with dilute sodium 
hydroxide, three competing reactions occur: (1) in part, the peptide chain is cleaved at 
(a) in (IIg); (2) part undergoes ring-opening at (4) in (IIg); (3) the rest rearranges, pre- 
sumably by way of the anions (I1Vg) and (Vg), to the imide (VIg) which is hydrolysed 
further to a mixture of the a- and y-glutamy!] peptides (Ig) and (VIIg), respectively. 
Knowing the proportions of (Ig) and (VIIg) produced by hydrolysis of the pure imide 
(VIg) it is possible to make a rough estimate of the relative importance of the three reactions 
above. About 45%, of the acylpyrrolidone (I]g) undergoes reaction (1), 25% reaction (2), 
and 30°, reaction (3). 

The fact that no benzoic acid could be detected when the imide (VIg) was hydrolysed 
shows that the reverse rearrangement from imide to acylpyrrolidone (IIg) occurs at most 
to a very small extent. Thus, in this case, the imide is the more stable isomer and the 
initial cyclisation of the a-glutamy! peptide (Ig) to the acylpyrrolidone must be subject to 
kinetic and not thermodynamic control. 

The outcome of our work so far is that a useful amount of fission of the peptide chain 
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has been achieved under mild conditions, though the occurrence of rearrangement (not in 
order of amino-acid residues, however) will make separation of the fission products more 
difficult when more than two glutamyl residues occur in the oligopeptide under study. 
But recent work, ¢.g., on insulin, tyrocidine A,?* and oxytocin }? has shown that modern 
techniques can deal successfully with mixtures of peptides more complex than would be 
expected to arise from chain fission by way of acylpyrrolidones. Our method is therefore 
to be tested on a variety of more complex peptides for a fuller evaluation. 


EXPERIMENTAL 


Analyses are by Mr. B, S, Noyes and his colleagues (Bristol). Analytical samples were 
dried at 100° in vacuo over phosphoric oxide unless otherwise stated. Evaporations were 
carried out at 40° under reduced pressure, Congo-red was the indicator used for acidification 
unless otherwise stated. 

«Ethyl N-Bensoyl-p_-glutamate (V \11a).-A suspension of N-benzoyl-pt-glutamic anhydride * 
(3 g.) in absolute ethanol (60 ml.) was heated under reflux for 3 hr. The gum, recovered by 
evaporation of the solution, was dissolved in ether (20 ml.), and the solution was shaken with 
0-26n-sodium carbonate (3 x 11 mL, finally with 25 ml.) The ether was dried and evaporated 
and the residue (0-19 g.) was crystallised from light petroleum and then from aqueous ethanol, 
to give diethyl N-benzoyl-pi-glutamate, m. p. 76—~-79°. Abderhalden and Rossner* record 
m, p. 77—~78°, 

The fourth alkaline extract above, when acidified, precipitated a crystalline solid (0-302 g.), 
m. p, 97-5-—-99-5°, shown to be N-benzoyl-pi-glutamic acid monohydrate by comparison with 
an authentic specimen, Acidification of the first, second, and third extracts gave oils which 
were extracted together into ethyl acetate and recovered as a clear gum (2-78 g.) by evaporation. 
This was fractionated by countercurrent distribution (scattered in the first 5 tubes; 37 transfers) 
between ethyl acetate and aqueous phosphate buffer made from 0-6mM-KH,PO, (11 vol.) and 
0: 5M-K,HPO, (1-6 vol.), The solutions from tubes 20-40 were combined, and the separated 
aqueous layer was acidified and extracted with ethyl acetate. After being washed with water, 
the upper layer from these tubes, and the extracts were dried and evaporated to give a-ethy! 
N-benszoyl-pi-glutamate as a gum (1-81 g., 50%). It could not be induced to crystallise and was 
purified for analysis by short-path distillation at 150-—160° (bath) /0-01 mm. (Found: C, 59-9; 
H, 6-2; N, 60. C,,H,,O,N requires C, 60-2; H, 6-1; N, 53%). The solute from tubes 
2-18 was isolated in the same way as a gum (0-45 g., 12%) which crystallised from aqueous 
ethanol to give y-ethyl N-benzoyl-pi-glutamate, m. p. 110-—-112°, raised to 112—-114° in 
admixture with an authentic sample * of m, p, 115-—-115-5°. 

5-Ethoxycarbonyl-1-benzoyl-pi-pyrrolid-2-one (\Xa).—a-Ethyl N-benzoyl-pi-glutamate 
(0-28 g.) was dissolved in purified thionyl chloride (1 ml., 14 equiv.) at 0° and the solution was 
kept at 0° for 15 hr, Evaporation of the thiony! chloride at 0° left an oil which was partitioned 
between ether (7 ml.) and 3% aqueous sodium hydrogen carbonate. The ethereal layer was 
washed with water, dried, and evaporated to leave a colourless gum (0-218 g., 84%). Crystallis- 
ation from ether-light petroleum (b. p, 60—-80°) gave l-benzoyl-5-ethoxycarbonyl-DL-pyrrolid-2-one 
as plates (0-148 g.), m, p. 54-—68°, raised to 55-5-—-58° by repeated crystallisation from aqueous 
ethanol (Found, in material dried at 35°: C, 64-8; H, 5-6; N, 5-6. C,,H,,O,N requires C, 64-4; 
H, 5-8; N, 64%), 

Alkaline Hydrolysis of 1-Benzoyl-5-ethoxycarbonyl-pi-pyrrolid-2-one (IXa).—-(a) In ethanol. 
0-In-sodium hydroxide (11-3 ml, 1 equiv.) was added gradually to a solution of the acyl- 
pyrrolidone (I[Xa) (0-292 g.) in ethanol (8 ml), About 0-5 equiv. of alkali was consumed 
rapidly (12 min.) and further consumption was slow, After evaporation of the alcohol, the 
oily suspension was extracted with ether and the extract washed with water, dried, and 
evaporated toa gum, This gave, on crystallisation from aqueous ethanol, diethyl N-benzoyl- 
pi-glutamate (92 mg., 26%), m. p. and mixed m. p, 77-79”. 

The aqueous alkaline solution above was concentrated to 7 ml., then acidified, and the 
precipitated benzoic acid was recrystallised from water (18 mg., 13%), m. p. and mixed m. p. 
120-—121°, 

(b) Jm aqueous dioxan. A solution of the acylpyrrolidone (IXa) (20 mg.) in dioxan (05 


'® Sangerand Tuppy, Biochem. J., 1961, 49, 463, 481; Sanger and Thompson, ibid,, 1953, 58, 353, 366. 

‘© Paladini and Craig, J. Amer. Chem. Soc., 1954, 76, 638. ; 

'’ Du Vigneaud, Ressler, and Trippett, J, Biol. Chem., 1953, 206, 949; Tuppy, Biochim. Biophys. 
Acta, 1968, 11, 449. 
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ml.) and water (1 ml.) was titrated with 0-In-sodium hydroxide (0-8 ml., 1 equiv.); all the 
alkali was consumed in 10 min. The dioxan was evaporated, the aqueous suspension extracted 
with ethyl acetate (20 ml.), and the latter washed with water. After concentration of the 
combined aqueous solutions, they were acidified and extracted thrice with light petroleum 
(b. p. 40—60°; total 90 ml.). The petroleum extracts were combined, dried, and evaporated, 
to leave benzoic acid (3-9 mg., 42%), m. p. 116-—121°, raised to 118-~121° in admixture with 
a pure sample. This yield of benzoic acid and subsequent ones have been corrected as a result 
of trial recovery experiments by the above method. 

Dibenzyl N-Benzoyl-pi-glutamate (VII1j) and a-Benzyl N-Benszoyl-pi-glutamate (VIITA).—- 
N-Benzoyl-pi-glutamic anhydride (6-08 g.) and benzyl alcohol (15 ml.) were heated together 
for 4 hr. at 110°. The solution was evaporated to dryness at 150° (bath)/1 mm. and the residue 
crystallised from ether (35 ml.), to give prisms (3-02 g.), m. p. 126—-127°, after sintering. This 
crop, in ethyl acetate (100 mi.), was shaken with an excess of 0-5~-sodium carbonate (total 
40 ml), and the ethyl acetate solution was reserved. The aqueous extracts, after back- 
extraction with ethyl acetate, were acidified; «-benszyl N-bensoyl-pi-glutamate separated (2-43 
g., 33%), having m, p. 134-—136°, raised to 136—137° by recrystallisation from 50% aqueous 
ethanol (Found : C, 67-2; H, 5-5; N, 41%; equiv., 336. C,,H,,O,N requires C, 66-8; H, 5-6; 
N, 41%; equiv., 341). 

The ethereal mother-liquor above was extracted with an excess of N-ammonia (22 ml,), 
washed with water, combined with the ethyl acetate solution above, and evaporated to a gum 
(1-89 g.). This crystallised from ether-light petroleum, to give dibenzyl N-benzoyl-pi-glutamale 
(1-04 g., 11%), m. p. 80-5—82° (Found, in material dried at 65°: C, 72-4; H, &7; N, 35. 
Cogll,,0,N requires C, 72-4; H, 5-8; N, 33%). 

Acidification of the ammoniacal solution above precipitated a semicrystalline mass (1-17 g.) 
which was dissolved in wet ethyl acetate (20 ml.) and extracted with 0-5n-sodium carbonate 
(3 ml., 2 x 2 ml, finally with 3 ml.). Precipitates were obtained from all four extracts by 
acidification. That from the first was extracted into ethy! acetate and recovered by evaporation 
as gum #8 (0-46 g.) which did not crystallise. The solids which separated from the second, 
third, and fourth extracts were collected separately (0-37 g., m. p. 124--127°; 0-238 g., m. p. 
125-—128°; 52 mg., m. p. 128—129°, the last unchanged in admixture with a-benzyl N-benzoyl- 
pL-glutamate), 

1-Benzyl-5-(2-benzyloxycarbonylethyl)-2-thiohydantoin (XV).—Gum B from the foregoing 
experiment was warmed with acetic anhydride (2-3 ml.), glacial acetic acid (0-26 ml.), and 
ammonium thiocyanate (126 mg.) until a clear solution was obtained. This was kept at room 
temperature overnight, then evaporated to dryness, and the residue partitioned between ethyl 
acetate and dilute aqueous sodium hydrogen carbonate to afford a neutral fraction (162 mg.). 
Crystallised from aqueous alcohol, this gave 1-benzoyl-5-(2-benzyloxycarbonylethyl)-2-thio- 
hydantoin as needles (78 mg., 32%), m. p. 124-5-—125-5°, which were shown by sodium-fusion 
to contain sulphur (Found: C, 63-0; H, 47; N, 7-1. Colt,,O,N,S requires C, 62-8; H, 48; 
N, 7-3%). 

When a-benzyl N-benzoyl-p-glutamate (0-1 g.) was treated as above with acetic anhydride 
(0-5 ml.), glacial acetic acid (0-066 ml.), and ammonium thiocyanate (25-2 mg.), the total product 
gave, on crystallisation from 60% aqueous ethanol, only impure starting material (64 mg.), 
m. p. 118—-121°, raised to 127—-129° in admixture with starting material, m, p. 120--L31’°. 

1-Benzoyl-5-benzyloxycarbonyl-pi-pyrrolid-2-one (IXh).-a-Benzyl N-benzoyl-pi-glutamate 
(2-3 g.) was treated with thionyl chloride (15 ml., 30 equiv.) at 0° as for the 5-ethoxycarbonyl 
analogue above, except that ethyl acetate was used for the isolation of the neutral product 
(2:06 g., 93%). This crystallised from ethyl acetate-light petroleum to give 1-benzoyl-5- 
benzyloxycarbonyl-pL-pyrvolid-2-one as needies (1-90 g.), m. p. 98—-100° raised to 100-—-101° 
by repeated crystallisation from the same solvent mixture (found, in material dried at 78° : 
C, 70-4; H, 5-4; N, 40. Cy,H,,0O,N requires C, 70-6; H, 5-3; N, 43%). 

Dimethyl N-Benzoylglycyl-pi-glutamate (Ville).—-A stirred solution of N-benzoylglycine 
(14-32 g.) and triethylamine (41-2 ml.) in dioxan (500 ml.) and toluene (260 ml.) was treated at 
0° with ethyl chloroformate (7-5 ml.). After 20 min., a solution of dimethyl pr-glutamate 
hydrochloride ™ (16-88 g.) and triethylamine (11-2 ml.) in dioxan (300 ml.) and water (30 ml.) 
was added and stirring was continued for 3 hr. while the cooling-bath warmed to room 
temperature. The organic solvents were evaporated and the resultant aqueous suspension was 
extracted with ethyl acetate (total 800 ml.), After being washed with 0-6w-hydrochloric acid 
(30 ml.), water, saturated aqueous sodium hydrogen carbonate (40 ml.), and finally water, the 
extract was dried and evaporated. The solid residue (17-02 g.) crystallised from ethyl 
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acetate-light petroleum, to give dimethyl N-benzoylglycyl-pi-glutamate as needles (15-71 g., 
64%), m. p. 106-~110° raised to 117--118° after sintering at 114° by repeated crystallisation 
from the same solvent mixture (Found: C, 57-0; H, 61; N, 80. CygHgO,N, requires 
C, 67-1; H, 60; N, 83%). 

N-Benzoylglycyl-p_-glutamic Acid (VIILf).—1-05s-Sodium hydroxide (267 ml.) was added to 
a solution of the foregoing diester (15 g.) in methanol (90 ml,), and the mixture was kept for 36 
hr, at room temperature. After evaporation of the methanol, the solution was acidified. 
N-Benzoylglycyl-pi-giutamic acid separated as needles (12-51 g., 91%), m. p. 219-—220°, un- 
changed by recrystallisation from water (Found: C, 544; H, 5-1; N, 94%; equiv., 159. 
CygH ygOeN, requires C, 54-5; H, 5-2; N, 91%; equiv., 154). 

N-Bensoylglycyl-pi-ghutamic Acid a- and y-Diethylamide (Id) and (ViId),—-Ethyl chloro- 
formate (2 ml., 1 equiv.) was added to a stirred solution of the foregoing acid (6-16 g.) and 
triethylamine (2-8 ml., 1 equiv.) in chloroform (200 ml.) and dimethylformamide (110 ml.) at 0°. 
After 20 min,, a solution of diethylamine hydrochloride (2:18 g., 1 equiv.) and triethylamine 
(2-8 ml.) in chloroform (90 ml.) was added and stirring was continued for 3 hr. at 0°. The 
solvents were then evaporated and the residue was partitioned between water (50 ml.) and 
ethyl acetate (200 ml., and, after filtration and separation, with 50 ml.). The undissolved solid 
(1-77 g.) crystallised from ethanol to give N-bensoylglycyl-pi-glutamic acid a-diethylamide as 
blades (1-54 g.), m. p. 182-—-184° raised to 183-5-—-184-5° by recrystallisation from the same 
solvent (Found: C, 594; H, 69; N, 11-7%; equiv., 356. C,,H,,O,N, requires C, 59-5; 
H, 69; N, 116%; equiv., 363). 

The combined ethyl acetate extracts above were shaken with an excess of aqueous potassium 
carbonate (5%, 30 ml.), and the alkaline extract was acidified to precipitate a solid (3-29 g.), 
m. p. 87-—02° and equiv., 388. This was heated with ethyl acetate (250 ml.) and the undissolved 
solid C (0-04 g.), m. p, 114—130°, was reserved, The solution, after being saturated with water, 
was extracted with three portions of 0-5n-sodium hydroxide (3-1, 6-2, 5-2 ml.), These were 
acidified and the precipitates collected separately (298 mg., m. p. 85—-88°; 970 mg., m. p. 
90-—91°; 322 mg., m, p. 84-—86°, respectively). A solution of the 970 mg. crop in 0-5n-sodium 
hydroxide (5-65 ml,, 1-05 equiv.) was treated with portions of n-hydrochloric acid (0-67, 2-2 ml.) 
to precipitate two fractions (0-17 g., m. p. 90-—05°; 0-56 g., m. p. 87--91°). The latter was 
recrystallised four times from water to give N-benzoylglycyl-pi-glutamic acid y-diethylamide as 
needles, m, p. 96—-100° (Found, in material dried at 76°: C, 59-9; H, 69; N, 114%; 
equiv., 367), 

The solid C above was shown to contain the isomeric «- and y-diethylamides (Id) and (VIId) 
by two fractional precipitations with acid from a solution of the mixed sodium salts as in the 
preceding paragraph, The weaker acid (97 mg., m. p, 182—-184°) and the stronger acid (56 mg., 
m. p, 92-—-95°) were identified by mixed m, p. determinations with pure samples. 

| -Bensoylglycyl-6-diethylcarbamoyl-pL-pyrrolid-2-one (Id), —N-Benzoylglycyl-pi-glutamic 
acid a-diethylamide (Id) (1-28 g.) was treated with thionyl! chloride (10 ml., 40 equiv.) at 0° for 
17 hr. and worked up as for the 1-benzoyl-5-benzyloxycarbonyl analogue above. The neutral 
product (1-1 g., 90%) crystallised from ethyl acetate to give 1-benzoylglycyl-5-diethylcarbamoyl- 
pi-pyrrolid-2-one a8 prisms, m. p. 141-—-143° raised to 144-5--145-6° by recrystallisation from 
the same solvent (Found: C, 62-7; H, 66; N, 12-5. C,gH,,O,N, requires C, 62-6; H, 6-7; 
N, 12-2%). 

Alkaline Hydrolysis of 1-Benzoylglycyl-6-diethylcarbamoyl-pi-pyrrolid-2-one (IId).—A 
solution of the foregoing product (836 mg.) in dioxan (5 ml.) and water (2 ml.) was titrated 
with 0-1N-sodium hydroxide (26-8 ml., 1-1 equiv.) during 30 min. The solution was evaporated 
to dryness and the residue was extracted with hot ethyl acetate (60 ml.), followed by hot ether 
(30 ml.). The undissolved solid was dissolved in water and extracted with ethyl acetate (3 x 40 
mi.), each extract being washed with water. All the aqueous solutions were combined (ca. 
10 ml.) and treated with portions of n-hydrochloric acid (2 x 0-9 ml, and, after concentration 
of the solution to 5 ml., with 0-9 ml.), to yield three crops of crystals. The first (202 mg., 23%) 
had m. p. 170—-181° raised to 182—-183° in admixture with N-benzoylglycyl-pi-glutamic acid 
«diethylamide (Id), The second crop was N-benzoylglycine (137 mg.), m. p. 182—-183°, 
mixed m, p. 184--186°; in admixture with the peptide (Id) the m. p. was 156—160°, The 
third crop (60 mg.) was recrystallised twice from water, to give N-benzoylglycine (20 mg.), 
m. p. 181—182°, mixed m. p. 184—186° (total yield of N-benzoylglycine 157 mg., 36%). 

Cyclisation of N-Benzoyl-a-pi-glutamylglycine n-Hexylamide (lg).-—(a) By thionyl chloride. 
The glutamyl! peptide (Ig) (2 g.) was treated with thionyl! chloride (7-3 ml., 20 equiv.) at 0° for 
20 hr. and worked up as for 1-benzoyl-5-benzyloxycarbonyl-pi-pyrrolid-2-one above. The 
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mauve product (1-83 g., 96%), m. p. 152—-154°, was crystallised from ethyl acetate, then from 
35% aqueous ethanol (charcoal), and finally from ethyl acetate to give N-benzoyl-5-ox0-DL- 
pyrvolidine-2-carbonylglycine n-hexylamide (Ilg) as colourless needles, m. p. 160-5---161-5° 
(Found : C, 64-7; H, 7-2; N, 11-5. C,.H,,O,N, requires C, 64-3; H, 7-3; N, 11-3%). 

A portion (0-639 g.) of the neutral product, before purification, was fractionated by counter- 
current distribution (scattered in first 10 tubes), with the solvent system chloroform, benzene, 
methanol, 0-002n-aqueous hydrochloric acid in volume proportions 10; 20:23:7. A trial 
sample of the solute had been recovered unchanged after being dissolved in this solvent system 
at room temperature for 30 hr. After 95 transfers, one major peak was obtained (K 0-8), and 
one minor one (K 0-07; ca, 30 mg.) which contained the coloured impurity. Tubes 0-—33 
were emptied and refilled with fresh solvent system, and the machine was then set for the 
recycling procedure.4 Analyses were carried out after 508 and after 1060 transfers; only 
one peak, which fitted the theoretical curve, was found in each case. The solution from tubes 
487-507 was freed from organic solvent, and the resultant aqueous suspension was extracted 
thrice with ethyl acetate. The combined extracts were shaken with an excess of 2% aqueous 
sodium hydrogen carbonate, dried, and evaporated, Crystallisation of the colourless residue 
from aqueous ethanol afforded the acylpyrrolidone (Ilg), m. p. 160-—161°. 

In separate experiments, the treatment of the a-glutamy! peptide (Ig) with thionyl chloride 
as above was stopped after 2, 10, and 15 hr. and the yield of the acylpyrrolidone (Ilg) was 34, 
94, and 94% respectively. After 19 hr. with thionyl chloride (20 equiv.) at —20° the peptide 
(Ig) yielded 90% of the acylpyrrolidone (Ilg). 

(b) By the mixed carbonic anhydride method. A stirred solution of N-benzoyl-«-pi-glutamyl- 
glycine n-hexylamide (2-63 g.) and triethylamine (1-35 mi.) in dioxan (210 ml.), toluene (105 m1.), 
and dimethylformamide (35 ml.) was treated at 0° with ethyl chloroformate (0-635 ml., 1 equiv.). 
After 20 min. at 0°, the solution was stirred for 2 hr. as the cooling-bath warmed to room tem- 
perature, and then was kept overnight. Water (100 ml.) was added gradually as the organic 
solvents were evaporated and the resultant suspension was shaken with ethyl acetate (total 
450 ml.). Some insoluble acidic matter (406 mg.), m. p. ca. 170°, was removed, and the ethyl 
acetate solution was separated and extracted with an excess of aqueous sodium hydrogen 
carbonate (5%, 60 ml.). After being washed twice with water, the ethyl acetate solution was 
dried and evaporated, to give the neutral fraction (1-06 g.). DL-a-Benzamidoglutaroylglycine 
n-hexylamide was obtained as needles (491 mg., 37°%, based on unrecovered starting material), 
m. p. 206-5—207-5°, by crystallisation of the neutral fraction from ethanol (Found: C, 646; 
H, 7-3; N, 11-1. CygH,,0,N, requires C, 64-3; H, 7-3; N, 11-2%). 

The aqueous alkaline solution above was acidified and the crystals were collected and dried 
in vacuo (1-23 g., 47%; m. p. 183—-185° alone or in admixture with starting material). 

Separation of the Imide (V1g) from the Acylpyrrolidone (\\g).-A 1:1 mixture (62 mg.) of 
these two was crystallised from ethanol (1 ml.) to give the imide (VIg) (22 mg.), m. p. 206--207°, 
unchanged in admixture with the foregoing sample. Addition of water (0-5 ml.) to the mother- 
liquor gave a mixture of nodules (22 mg.), m. p. 150---154°, and needles (8 mg.), m. p. 193-—198° 
after sintering at 160°, which were separated by hand, The former crop was recrystallised 
from aqueous ethanol, to give the acylpyrrolidone (Ilg), m. p. 152--156° raised to 154-—158° 
in admixture with pure material. 

1-Benzoyl-5-ox0-p.-pyrvolidine-2-carboxylic Acid (I1Xi).—A solution of 1-benzoyl-5-benzyl- 
oxycarbonyl-pL-pyrrolid-2-one (IXh) (1-66 g.) in a mixture of ethanol (150 ml), glacial acetic 
acid (50 ml.), and water (5 ml.) was shaken with hydrogen and 10% palladised charcoal (1 g.) 
at 14°/764 mm. Uptake of hydrogen (1-0 mol.) was complete in 30 min, The filtered solution 
and washings were evaporated to dryness and the residue, in ethyl acetate (45 ml.), was shaken 
with aqueous sodium hydrogen carbonate (5%; 15 ml.). The alkaline extract was acidified 
immediately and the precipitated acid was collected (0-865 g.); it had m. p. 103-—-108°, then 
solidified and remelted at 133—134°. A further quantity (0-144 g., total yield 84%) with the 
same m. p. behaviour was obtained by extraction of the mother-liquors with ethyl acetate and 
crystallisation of the extract from water. For analysis, the first crop was recrystallised 
twice from water to give needles, m. p. 133-—-135°, after being dried at 78° in vacuo (Found: C, 
61-3; H, 49; N, 60%; equiv., 234. C,,H,,O,N requires C, 61-7; H, 48; N, 60%; 
equiv., 233). 

N-Benzoyl-5-ox0-DL-pyrvrolidine-2-carbonylglycine n-Hexylamide (I1g). The foregoing product 
(0-6 g.) and triethylamine (0-36 ml.) in dioxan (50 ml.) and toluene (15 ml.) were stirred at 0” 


* Craig, Hausmann, Ahrens, and Harfenist, Analyt. Chem, 1951, 28, 1236 
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with ethyl chloroformate (0-25 ml.) for 20 min. A solution of glycine n-hexylamide hydro- 
chloride * (0-607 g.) and triethylamine (0-36 ml.) in dioxan (10 ml.) and water (0-75 ml.) was then 
added dropwise during 26 min. and stirring was continued for a further | hr. at 0°. After being 
kept overnight, the mixture was treated with water (50 ml.), and the organic solvents were 
evaporated, The resultant suspension was extracted with ethyl acetate (total 70 ml.), and the 
extract was washed with 0-01n-hydrochloric acid (2 x 15 ml.), water, aqueous sodium hydrogen 
carbonate (6%; 15 mi.), and finally with water. Evaporation of the dried extract left a solid 
(0-61 g.) which was recrystallised twice from aqueous ethanol, to give the acylpyrrolidone (11g) 
(0-36 g., 38%), m. p. 169-—161°, not depressed in admixture with the sample from the thiony! 
chloride route above. The two samples also gave identical X-ray powder photographs. In 
admixture with the imide (VIg), the m. p. was depressed to 153-—-162°. 

Alkaline Hydrolysis of N-Bensoyl-b-ox0-pi-pyrrolidine-2-carbonylglycine n-Hexylamide 
(Ifg).—-The acylpyrrolidone (Ilg) [0-5 g., prepared by method (a) above] in dioxan (15 ml.) and 
water (10 ml.) was treated portionwise with 0-1n-sodium hydroxide (13-7 ml., 1-01 equiv.) 
during 20 min. After evaporation of the dioxan, the aqueous solution was extracted with ethyl 
acetate (2 x 100 ml.), and the extracts were washed with water, dried, and evaporated to 
leave a crystalline residue (166 mg., 45%). Recrystallisation twice from ethyl acetate—light 
petroleum gave impure 5-oxo-pi-pyrrolidine-2-carbonylglycine n-hexylamide as needles (116 
mg.), m. p. 103-—-104° after sintering (Found, in material dried at 76°: C, 56-6; H, 91; N, 14-8. 
Calc, for Cy,HggO,N,: C, 57-9; H, 8-6; N, 156%). 

The combined aqueous layers above were concentrated and acidified; a crystalline precipi- 
tate was collected, dried, and extracted with hot light petroleum (3 x 40 ml.), and the insoluble 
material D (0-18 g.), m. p. 140—161°, after sintering, was reserved. The aqueous solution was 
extracted with light petroleum (2 x 40 ml.), and the extract was dried, combined with the other 
petroleum solution, and evaporated, to leave benzoic acid (73 mg., 45%), m. p. and mixed m. p. 
120-5—121°. Finally, the aqueous acid solution was extracted twice with ethyl acetate (total 
180 ml.), and the extract, after being dried and evaporated, left a gum (61 mg.) which was com- 
bined with the solid D above. These acidic products were fractionated by countercurrent 
distribution (50 transfers) between ethyl acetate (4 vol.), butan-l-ol (1 vol.), and aqueous 
buffer (5-6 vol.) made from 0-5m-KH,PO, (4 vol.) and 0-5m-K,HPO, (2-8 vol.). Two separate 
peaks (K 0-47, 46%; K 2-7, 64%) were obtained. The solute from the former (tubes 8-25) 
was recovered as above and crystallised from 30% aqueous ethanol, to give N-benzoyl-y-pL- 
glutamylglycine n-hexylamide * (VIIg), m. p. and mixed m, p, 126—-131°. 

The solute from the second peak (tubes 20—-45) was recovered and crystallised in the same 
way, to give N-benzoyl-a-pi_-glutamylglycine n-hexylamide (Ig), m. p. 182-5—-183° raised to 
183--183-5° in admixture with an authentic sample of m. p. 184—185°. 

Hydrolysis in the same way of the total neutral fractions from the treatment (above) of the 
a-glutamyl peptide (lg) with thionyl chloride at 0° for 10 and 15 hr. and at —20° for 19 hr. 
yielded 42, 44, and 41% of benzoic acid, respectively. 

When the acylpyrrolidone (IIg) (0-25 g.), prepared as in the previous section, was hydrolysed 
and the products were worked up as above, benzoic acid (51%) and a neutral fraction (91 mg., 
50%) were isolated. The total remaining acidic products (106 mg.) were shown to consist of 
the y-glutamyl peptide (VITg) (45%) and the a-glutamy! peptide (Ig) (55%). 

Alkaline Hydrolysis of vt-a-Benzamidoglutaroylglycine n-Hexylamide (Vig).—-A solution of 
the imide (VIg) (305 mg.) in dioxan (8 ml.) and water (1 ml.) was titrated with a 0-126n-sodium 
hydroxide (6-9 ml., 1-06 equiv.) during 25 min. and the products were worked up and frac- 
tionated as in the foregoing experiment. No benzoic acid was isolated and only a trace (11 mg.) 
of neutral material. The acidic products (207 mg., 93%) were shown as above to consist of a 
mixture of the y-glutamyl peptide (VIIg) (78%), m. p. 127-—-131° raised to 127-5—131-5° in 
admixture with a pure sample, and the a-glutamyl peptide (Ig) (22%), m. p. and mixed m. p. 
183.184", 
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408. Colombo Root Bitter Principles. Part I, The Functional 
Growps of Columbin. 
By D. H. R. Barton and Dov Exap. 


Columbin, the most important bitter principle of Colombo root, has been 
shown to have a unsaturated a-hydroxy-3-lactone system (A). The 
fy-unsaturation has characterised as the group ~CH=CH™~ contained in 
a six-membered ring. Columbin also possesses a §-substituted furan ring and 
has a second y- or 8-lactone system (B), which is saturated and bears epimeris- 
able hydrogen a- with respect to its carbonyl group. Lactone system (B) is 
readily cleaved by hydrogenolysis and, for this and other reasons, must be 
secured with its alkyl oxygen a- with respect to the $-position of the furan 
ring. Lactone system (A) is responsible for the easy decarboxylation of 
columbin and many of its derivatives. 


Tue root of Jatrorrhiza palmata Miers (Colombo root) contains three neutral bitter prin- 
ciples; columbin, CygH,O,, chasmanthin, Cy H,.O0,, and the isomeric palmarin, 
compounds have been the subject of prolonged investigation, especially by Wessely * and 
by Feist ? and their respective collaborators. As yet, however,there has been no agreement 
as to the nature of the functional groups. The present paper re-analyses the extensive 
experimental evidence }* and makes definite proposals, confirmed by subsequent investig- 
ation, as to the nature of the functional groups in the molecule of columbin, 

The principal facts that must be accommodated are as follows. Columbin is easily 
isomerised by mild treatment with alkali to isocolumbin. Both columbin and isocolumbin 
behave as dilactones towards alkali. However, the consumption of the first mol, of alkali 
is reversible, that of the second is irreversible and leads to no defined product, On hydro- 
genation both columbin and isocolumbin afford octahydro-derivatives. The hydrogenation 
involves hydrogenolysis, for beth products are carboxylic acids; they appear (by titration) 
to contain no lactone group. Both columbin and isocolumbin possess one hydroxyl group, 
for on treatment with acetic anhydride~sodium acetate they afford the same monoacetate. 
Since this is a derivative of isocolumbin it should be known as isocolumbin acetate not 
columbin acetate as hitherto.* On methylation with dimethyl sulphate and alkali both 
columbin and isocolumbin furnish the same monomethyi ether. This again should be 
designated O-methylisocolumbin not* O-methylcolumbin. The hydroxyl group of 
columbin must, because of these reactions, be somewhat acidic; it is, however, not 
enolic or phenolic.4+# 

Both columbin and isocolumbin lose one mol. of carbon dioxide on melting and afford 
decarboxycolumbin and decarboxyisocolumbin, respectively. These decarboxy-com- 
pounds cannot be acetylated or methylated and therefore the decarboxylation destroys the 
original hydroxyl group. Nevertheless, both isocolumbin acetate and O-methylisocolumbin 
also lose one mol. of carbon dioxide at the melting point. Decarboxycolumbin and 
decarboxyisocolumbin still retain one lactone grouping, as judged by titration, 

If one adopts the hypothesis that columbin contains two lactone groups (A) and (B), 
then one, group (A), must be lost on decarboxylation. Now hydrogenation of decarboxy- 
columbin affords decarboxyoctahydrocolumbinic acid and therefore it is the second lactone 
group, (B), which is hydrogenolysed. If one assumes that it is lactone (B) which is also 
hydrogenolysed in the hydrogenation of both columbin and isocolumbin, then one must 
explain why the hydrogenation products of these compounds do not titrate as lactones and 
are not readily decarboxylated. In fact if lactone (A) is retained it must be changed in some 


1 (a) Wessely, Dinjaski, Isemann, and Singer, Monatsh., 1935, 66, 87; earlier work is cited also. 
(b) Wessely, Isemann, ma and Schénol, Annalen, 1936, 522, 41; Wessely, Schénol, and Isemann, 
Monatsh., 1936, 68, 21; y, Minster, and SchOnol, ibid., p. 313; Wessely and Jentzsch, ibid., 
1937, 70, 30. Wessely and Schénol, ibid., 1938, 71, 10. 

* Feist, Rintelen, and Kuntz, Annalen, 1935, 617, 119; earlier work is cited also; Feist, Kuntz, 
and Brachvogel, ibid., 1935, 619, 124, 621, 184; Feist and Brachvogel, ibid., 1936, 622, 185; Feist, 
Brachvogel, and Volksen, ibid., 1936, 623, 289; Feist and Volksen, ibid., 1038, 584, 41. 
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way during the hydrogenation. This eliminates a (-lactone formulation for lactone (A) 
which would, otherwise, explain the easy decarboxylation. 

It seemed to us ab origine that these difficulties would be overcome if columbin were a 
fy-unsaturated «-hydroxy-é-lactone as in (I; R =H). Decarboxycolumbin would then 
be (11) or (111), whilst tsocolumbin acetate would be ([; R = Ac) and O-methylisocolumbin 
(1; K = Me).* Hydrogenation of the ethylenic linkage of (I) would then, of course, 
prevent the decarboxylation. Decarboxyisocolumbin acetate and decarboxy-O-methyl- 
isocolumbin would be represented by (IV; R = Ac and Me, respectively). 

In agreement with these formulations columbin showed bands in the infrared region as 
follows: (in CHCl) at 1750 (y- or 3-lactone), 1725 (8-lactone), and 3620 (hydroxyl); (in 
Nujol) at 1745 (y- or 8-lactone), 1705 (3-lactone), and 3550 cm.~! (hydroxyl). In the ultra- 
violet region columbin absorbed only at 205 my (e 6200; end absorption). Decarboxyiso- 
columbin acetate and decarboxy-O-methylisocolumbin, on the other hand, absorbed like 
columbin and also at 272 my (e 6800) and at 277 my (e 5400), as would be expected for 
derivatives of (IV). Decarboxycolumbin itself showed in the ultraviolet region end 
absorption like that of columbin, and a distinct maximum at 285 my (e 40; in dioxan). 
The spectral data show clearly that this compound is the #y-unsaturated ketone (I1), not 
the alternative (III); comparative infrared data strengthen these conclusions. Thus 
decarboxy-O-methylisocolumbin showed bands (in CHCI,) at 1740 (y- or 8-lactone), 1645 and 
1585 (vinyl ether*), and 1160 cm.~! (ether), Decarboxycolumbin absorbed (in CHCI,) 
at 1720 (y- or 8-lactone) and 1710 (cyclohexanone or aliphatic ketone), and (in Nujol) at 
1708 cm.~* (superimposed lactone and ketone bands). There was no indication of contamin- 
ation by an #$-unsaturated ketonic function, 

Conclusive chemical proof for the grouping (1; R = H) in columbin was secured 
as follows, Selective hydrogenation of columbin or isocolumbin over palladised calcium 


(IV) 


carbonate afforded, respectively, dihydrocolumbin and dihydroisocolumbin, Both com- 
pounds can be represented as (V) and, in agreement with this, were stable to heat. Mild 
alkali treatment of dihydrocolumbin gave, as expected, the dihydrotsocolumbin. 

Treatment of isocolumbin with osmium tetroxide in dioxan afforded tsocolumbindiol 
(Vl; R <= H).¢ In agreement with its formulation this compound was stable to heat, 
consumed two mols. of lead tetra-acetate, and showed an ultraviolet spectrum typical 
of a furan (see below). Whereas attempted acetylation of columbin or tsocolumbin with 
acetic anhydride~pyridine was without effect, mild acetylation of isocolumbindiol with 
these reagents gave the diacetate (VI; R = Ac). One must conclude that the original 
hydroxyl group of columbin and of isocolumbin is tertiary and that isocolumbindiol 
contains two secondary hydroxyl groups, as already indicated in (VI; R =H) and 
preceding formula. In order to explain that hydrogenation of columbin and isocolumbin 
gives compounds that do not titrate (under the same conditions as the precursors titrate) 
as lactones, we note that the a-hydroxy-3-lactone ring in the hydrogenated products is 
less strained than in columbin or isocolumbin and therefore less liable to rupture by 


* We are assuming at this stage that the change from columbin to isocolumbin involves a different 
part of the molecule from that concerned in the decarboxylation process, This is confirmed in the 
ne quel 
+ Dr. W. Rigby kindly suggested the cleavage of osmates with ammonium polysulphide solution. 
We find that gaseous hydrogen sulphide, passed in to saturate the original solution, gives very satis- 
factory results and is a preferred method for working up such reactions. For details see Experimental. 


* Meakins, /., 1963, 4170. 
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hydrolysis. In agreement with this, dihydrocolumbin titrated as a monolactone under 
mild alkaline conditions, but as a dilactone on more vigorous treatment with alkali. 

In considering the analysis of columbin one must account for the equivalent of 10 
double bonds, Accepting prior evidence ':* for a bicyclic carbon skeleton and noting the 
two lactone rings and associated ethylenic linkage, we have now to accommodate 3 double 
bonds. These double bonds are revealed only by end absorption in the ultraviolet region 
(see above). It seemed to us that the 3 double bonds and the residual uncharacterised 
oxygen atom of columbin were probably involved in a furan ring. In agreement with 
this view, both columbin and marrubiin (VIT) “ are very sensitive to chromic acid oxidation 
(see comparative rates given in the Experimental). Also the spectrum of dihydrocolumbin 
(mux, 210 mu; ¢ 5700) is superimposable on that of marrubiin* The difference in 
spectrum between columbin (see above) and dihydrocolumbin is what would be expected 
if columbin contained both a furan ring and an ethylenic linkage. The infrared spectrum 
(Nujol) of columbin showed many bands in common with marrubiin at frequencies pre- 
viously regarded as characteristic * for the furan ring. 

The furan nature of columbin was established as follows. Ozonolysis of dihydro- 
columbin afforded a crystalline acid, C,,H,,O,. When the water-soluble moiety of the 
ozonolysis product was methylated with diazomethane and chrom: itographed two methyl 
esters were obtained. The major product was the methy! ester of this acid Cy,Hg0,. 
The minor product, obtained always in variable yield, was the methyl ester of an acid, 
CygHg0,. The presence of a ketone group was shown by the ultraviolet absorption 
spectrum. In contrast, the C,,H,,O, acid showed no absorption at all at 220-320 mp 
and only insignificant absorption down to 205 my. The formation of these compounds 
is best explained if dihydrocolumbin is a ¢-substituted furan as in (VIII), the Cy,H,,O, 
acid being (IX) and the C,gH,,0, keto-acid being (X). Ozonelysis of dihydrocolumbin 
also gave formic acid; there was no indication of any higher acid. 
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The easy hydrogenolysis }* observed with columbin, decarboxycolumbin, and related 
compounds (see above) requires explanation. The alkyl-oxygen atom of lactone (B) (which, 
because of its reversible opening, cannot be vinylic) must be attached allylically with respect 
to some unsaturated substituent. Since hydrogenation of the @y-unsaturated lactone 
system (A) precedes hydrogenolysis, it must be the furan ring, not the ethylenic linkage, 
which is responsible, as already implied in formula (VIII), (IX), and (X). In agreement 
the pK, (in water) of the C,,H,,O, acid was 3-5, as expected somewhat stronger than that 
of lactic acid (3-9). Clearly the C,,H,,O, acid has an electronegative «substituent, as 
already allowed for in formula (1X). 

The nature of the conversion of columbin into isocolumbin can now be discussed. The 
most reasonable explanation of this change is that it involves epimerisation «- to one of the 
lactonic carbonyl groups. Lactone (A) cannot be involved because decarboxycolumbin 
is a ketone, not an aldehyde (no aldehyde band in the infrared spectrum), and therefore 
there is no «-hydrogen in this lactone ring. We must conclude that it is the carbonyl 
group of lactone (B) which is responsible, as suggested in partial formula (VIII), (IX), 
and (X). There is nothing in the chemistry or spectral properties of isocolumbin and its 


* Cocker, Cross, Duff, Edward, and Holley, J., 1953, 2540; Hardy and Rigby, Chem. and Ind., 
1953, 1150; and later papers from both Cocker and Rigby and their respective collaborators. 
* Dietzel and Rosenbaum, Z. Elektrochem., 1927, 33, 196 
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derivatives which contradicts such an interpretation. Thus, ssocolumbin showed the 
same ultraviolet absorption spectrum (¢ 6500 at 205 my) as columbin, and in the infrared 
region (CHCl, solution) gave bands at 1748 (superimposed lactones) and 3520 cm.~! 
(hydroxyl). 

The size of lactone ring (A) is defined by the work already discussed. The size of 
lactone ring (8) has not been established with certainty by the infrared spectrum method. 
Thus most of the data recorded above could be interpreted as indicating either a y- or a 
-lactone ring. Examination of some dihydro-derivatives appeared to favour a y-formu- 
lation. Thus dihydrocolumbin showed bands {in chloroform) at 1730 (8-lactone) and 1750 
(y- or &lactone), but dihydrotsocolumbin absorbed at 1750 (two lactones; if one 8- then 
the other should be y-). We believe that a final decision on this point must await the 
completion of degradational experiments now in hand. 

The spectral data for decarboxyisocolumbin acetate and decarboxy-O-methylisocolumbin 
recorded above are consistent only with the placing of the chromophore in cisoid confor- 

mation within a five- or six-membered ring. The infrared 

HO, co OH spectrum of decarboxycolumbin (see above) supports the 

Sy, latter alternative and this is confirmed by drastic degrad- 

ational experiments to be discussed in Part Il and by the 

Z infrared spectra of decarboxyoctahydrocolumbin. The 

latter compound showed (in bromoform) bands at 1720 

(X1) cxi)  (eyelohexanone) and 1755 cm."' (carboxyl). Although the 

transition state for a decarboxylation of the type now pro- 

posed {(X1) —s (X1I)} contravenes the Bredt rule it is, nevertheless, not without 
analogy 4 

With the nature of the functional groups of columbin established and having regard to 
earlier work on the drastic degradation of the molecule,)* it is possible to propose several 
plausible structures, We defer such speculation until the completion of experiments now 
in hand, 


™m 
oO 


EXPERIMENTAL 


lor general experimental directions see /., 1952, 2339. 

Infrared spectra were kindly determined by Glaxo Laboratories Limited, Ultraviolet 
absorption spectra were taken in ethanol (unless stated to the contrary), the Unicam S.P.500 
Spectrophotometer being used, Unless stated to the contrary the light petroleum used was of 
b, p. 40-—60°; [a]p are recorded in pyridine solution unless stated otherwise, Columbin and its 
derivatives were prepared as detailed in the literature.’\* All compounds were characterised 
by m. p. and rotation; the physical constants agreed with those already recorded, * particularly 
with the data of Wessely e¢ al. 

isoColumbin Acetate.-Columbin (109 mg.), anhydrous sodium acetate (440 mg.), and acetic 
anhydride (3 ml.) were refluxed for 5 hr, Crystallisation of the product from acetone-ethanol 
afforded isocolumbin acetate, m. p. 225-—-226° (decomp.), [a], + 28° (c, 1:03 in C,H,N). 
Wessely et al,“ recorded m, p, 230°, [a], + 24° (in CsH,N). Columbin and isocolumbin were 
unchanged after treatment with pyridine-acetic anhydride either overnight or on the steam- 
bath for 1 hr, 

Chromic Acid Oxidation of isoColumbin and Marrubiin,-The compound (about 35 mg.) in 
“ AnalaR "' acetic acid (6 ml.) was treated at room temperature with a solution of chromic 
trioxide in the same solvent (0-6n; 5 ml.), and at intervals aliquot parts (1 ml.) were titrated 
in the usual way. The consumption of ‘‘ oxygen "’ was as fo!.ows: marrubiin (kindly supplied 
by Dr. W. Rigby) 2-8 (5 min.), 4-4 (1 hr.), 4-8 (2 hr.), 5-4 (5 hr.); isocolumbin 2-2 (5 min.), 3-2 
(1 hr,), 4-0 (2 hr,), 5-4 (6 hr,). 

Dihydrocolumbin.—Columbin (1-0 g.) in ethyl acetate (50 ml.) was hydrogenated over 
1% palladised calcium carbonate (200 mg.) until one mol. of hydrogen had been absorbed 
{usually about 2 hr.). Trial experiments with a micro-hydrogenator had shown that under 
these conditions one mol, of hydrogen was absorbed relatively rapidly and a further three mol, 
(to give octahydrocolumbin) relatively slowly. The catalyst was removed by filtration and 
the solvent was evaporated im vacuo, Crystallisation from ethanol gave dihydrocolumbin 


* Diels and Alder, Annalen, 1931, 490, 257. 
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(50% or more depending on the purity of the starting material), m. p. 232-~-233°, [a], + 5° 
(c, 3°48), Amex 210 mp (e 5700) (Found: C, 66-5; H, 6-65, CHO, requires C, 66-65; H, 
6-7%). Dihydrocolumbin (102-5 mg.) in absolute ethanol (8 ml.) was treated at room tem- 
perature for 16 hr. with aqueous sodium hydroxide (In; 3 ml.) [Found : equiv., 355. Cy H,,O, 
requires equiv., 360 (one lactone group) or 180 (two lactone groups)}. Dihydrocolumbin 
(114-3 mg.), absolute ethanol (1 ml.), and aqueous sodium hydroxide (In; 2 ml.) were heated 
on the steam-bath under nitrogen for 6 hr. (Found: equiv., 206). Finely divided dihydro- 
columbin (128-8 mg.), absolute ethanol (1-0 ml.), and aqueous sodium hydroxide (InN; 2 ml.) 
were left at room temperature for 16 hr. (being occasionally shaken for the first hour) (Found : 
first equiv., 368). Aqueous sodium hydroxide (1N; 2 ml.) was added to the neutralised solution 
(phenolphthalein), which was then heated on the steam-bath for 6 hr. under nitrogen (Found : 
second equiv., 404), 

Dihydroisocolumbin.—(a) From dihydrocolumbin. Dihydrocolumbin (1-0 g.) in ethanol 
(20 ml.) and aqueous potassium hydroxide (IN; 7-5 ml.) were heated on the steam-bath for 
2 min. (clear solution). The solution was acidified (N-hydrochloric acid) and concentrated 
in vacuo, The precipitate was recrystallised from water containing a little ethanol, giving 
dihydroisocolumbin (long needles) (400 mg.), m. p. 233-—-235°, {a}, +32° (c, 286) (Found; 
C, 66-5, 66-65; H, 64,64. C,.H,,O, requires C, 66-65; H, 67%). 

(b) From isocolumbin, isoColumbin (1-0 g.) was hydrogenated as for columbin (see above), 
Crystallisation from water containing a little ethanol afforded dihydroisocolumbin, m. p. 
233—235°, undepressed on admixture with material prepared as under (a). 

Ozonolysis of Dihydrocolumbin.(a) Dihydrocolumbin (1-0 g.) in chloroform (30 ml.) was 
treated with ozone at 0° until the furan spectrum had disappeared, Water (6 ml.) was added 
and the mixture refluxed for 10 min, The chloroform layer was removed and the aqueous 
layer was evaporated to dryness under reduced pressure, The residue (200 mg.) was crystal- 
lised from water to give dihydrotrisnorcolumbinic acid, m. p. 118° (decomp.), [a]p) —5° (c, 1-78), 
¢ < 400 at 209 mu, ¢ = 0 at 280 mu, pK, 3-55 (hydrated), 3-45 (anhydrous) (Found, in material 
dried for 12 hr. at 80° in vacuo: C, 55-45, 55:5; H, 6-85, 6-65, C,,H,,O,,1$H,O requires 
C, 55-9; H, 69%). The acid (25-23 mg.) was dried at 120° in vacuo to constant weight (42 hr.) ; 
the loss in weight (2-1 mg.) is equivalent to 1-52 mol. of water. The dried acid had m, p.— 
234—237°, [a], —6° (c, 2-56) (Found; C, 59-55, 59-5; H, 6-4, 6-5. C,,H,,O, requires C, 60-3; 
H, 6-55%). The acid was treated in acetone solution with ethereal diazomethane, Crystal- 
lisation from benzene afforded methyl dihydrotrisnorcolumbate, m. p. 200--202°, {a}, ~12° 
(c, 2-30) (Found: C, 61-2; H, 66. C,,H,,O, requires C, 61-35; H, 685%). 

(b) Dihydrocolumbin (1-0 g.) was treated with ozone and then processed exactly as described 
above. The residue from evaporation of the aqueous layer was dissolved in acetone and 
treated with an excess of ethereal diazomethane. The product was chromatographed over 
silica gel (15 g.) in 1: 9 acetone : benzene (16—20 fractions), The main product, eluted in the 
earlier fractions, was the ester, m. p. 200-—-202°, reported above. ‘The minor product, eluted in 
the last few fractions, gave methyl dihydro-oxobisnorcoiumbate, m, p. 247—250° (from benzene), 
[a] ~-10° (¢, 1:13), Amex, 285 my [e 30 (in dry dioxan)} (Found: C, 59-75; H, 65. C,H,,O, 
requires C, 60-0; H, 6-36%). 

(c) Dihydrocolumbin (1-0 g.) was treated with ozone as described above except that the 
aqueous layer was distilled and the distillate examined for volatile acids. The distillate, titrated 
with standard potassium hydroxide solution (phenolphthalein), contained 0-6 mol, of acid, 
This was converted into the p-bromophenacyl ester, and the product chromatographed over 
neutralised alumina. Elution with benzene gave only one ester (from light petroleum) identified 
by m. p., mixed m. p., and crystal form as p-bromophenacy] formate. 

Treatment of isoColumbin with Osmium Tetroxide.-Osmium tetroxide (170 mg.) in dry 
purified dioxan (5 ml.) was added to isocolumbin (170 mg.) in the same solvent (6 ml.). The 
solution was left at room temperature for 48 hr. and then saturated with hydrogen sulphide, 
The black precipitate was filtered off and the dioxan solution evaporated to dryness under 
reduced pressure. Crystallisation from ethanol furnished isocolumbindiol (90%), m. p, 261-——-262° 
[a]p + 34° (c, 1-49), Amex 210 my (ec 5600) (Found: C, 61-0; H, 64. CyH,,O, requires C, 61-2; 
H, 615%). This diol (11-5 mg.) in “ AnalaR ” acetic acid (2 ml.) was treated with lead tetra 
acetate (saturated solution in “ AnalaR ” acetic acid; 8ml.). After 15 min. the uptake of lead 
tetra-acetate was 1-6 mols., after 6 hours 2-1 mols. 

isoColumbindiol (320 mg.) in dry pyridine (5 ml.) and acetic anhydride (2-5 ml.) were left 
overnight at room temperature, Crystallisation of the product from ethyl acetate~light 
petroleum (b. p. 60—80°) gave the diacetate, m. p. 233-235", (a), +51° (c, 2-42) (Found : 
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C, 60-45, 60-76; H, 60, 62; Ac, 19-5 (preliminary alkaline hydrolysis). C,H,,O0,, requires 
C, 60-56; H, 6-9; Ac, 181%). 
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409. Colombo Root Bitter Principles. Part I1,* 
The Constitution of Columbin. 
By D. H. R. Barton and Dov Exap. 


Dehydrogenation of various columbin derivatives has afforded 1 : 2: 5-tri- 
methylnaphthalene, 1-methyl-2-naphthoic acid, and 1 : 5-dimethyl-2-napth- 
thoic acid, The number of C-methyl groups in columbin has been determined. 
Based on these and other observations as well as on extensive earlier work, 
complete constitutions have been deduced for columbin (IX) and all of its 
derivatives. 


In Part | of this series * the functional groups of columbin, Cy9H,,0,, the major bitter 
principle of Colombo root, were characterised as follows: (i) a ®y-unsaturated «-hydroxy- 
8-lactone system (A) with the ethylenic linkage present as (~CH=CH-—) in a six-membered 
ring (I), and (ii) a second y- or 8-lactone system (B) attached to a @-substituted furan ring 
as in (II). We now discuss the incorporation of these functional groups within the frame- 
work of the columbin molecule. 

The earlier work by Wessely and by Feist and their respective collaborators has already 
been cited in fullin Part I. The degradation of columbin under vigorous conditions was 
studied by Feist and his co-workers }* with results which can be summarised as follows. 
Distillation of columbin or of isocolumbin with zinc dust gave o-cresol and 1 : 2: 5-tri- 
methylnaphthalene (II]). Fusion of columbin with potassium hydroxide afforded 2 : 4- 
dimethylbenzoic acid ([V) and 2-methylterephthalic acid (V), Oxidation of columbin 
with manganese dioxide and sulphuric acid furnished benzene-1 : 2 : 3-tri- and -1 : 2:3: 4- 
tetra-carboxylic acid. Dehydrogenation of decarboxycolumbin with selenium was said ! 
to give a lactone, CygH,,0,, m. p. 205°. Columbin and decarboxycolumbin furnished one 
mol. of acetic acid on Kihn-Roth oxidation. 

The formation of 1 : 2 ; 5-trimethylnaphthalene (III) on zinc dust distillation suggests 
an appropriately substituted bicyclic nucleus, the degree of substitution of which is further 
supported by the isolation of the two polycarboxylic acids on oxidation. In confirmation 
reduction of decarboxyoctahydrocolumbinic acid ** with lithium aluminium hydride and 
dehydrogenation of the product with selenium gave the hydrocarbon (III) in good yield, 
In order to locate lactone system (A)-—the lactone group which is lost as carbon dioxide on 
going to decarboxycolumbin—it was planned to reduce octahydrocolumbinic acid with 
lithium aluminium hydride and dehydrogenate the product This it was expected would 
afford a tetramethylnaphthalene the orientation of which would determine the site of 
attachment of lactone (A), However the product was again only the trimethylnaphthalene 
(III). Clearly one of the methyl groups of this hydrocarbon (III), when it is formed from 
decarboxycolumbin, must result from the migration of a methyl group from a quaternary 
position. Several experiments confirmed this conclusion. Thus reaction of methyl 


* Part I, preceding paper, 


1 Feist, Kuntz, and Brachvogel, Annalen, 1935, 619, 124. 
* Feist and Brachvogel, ibid., 1936, §22, 185 

* Feist and Vélksen, ibid., 1938, 634, 41 

* Feist, Rintelen, and Kuntz, ibid., 1935, 617, 119. 

® Wessely, Minster, and Schénol, Monatsh., 1936, 68, 313. 


[1956 | Colombo Root Bitter Principles. Part 11. 2091 


decarboxyoctahydrocolumbinate with methylmagnesium iodide gave, after alkaline hydro- 
lysis, an acidic product in which >CO had been converted into >CMe-OH. Since 
decarboxycolumbin and decarboxyoctahydrocolumbinic acid give a very strong Zimmer- 
mann test,® it was easy to check that the ketone group had reacted completely. Reduction 
of the alcohol with lithium aluminiunt hydride and dehydrogenation with selenium again 
afforded the trimethylnaphthalene (II1) and not a tetramethylnaphthalene. When 
decarboxyoctahydrocolumbinic acid was reduced by the Wolff-Kishner method and the 
product dehydrogenated with selenium at 310°, 1-methyl-2-naphthoic acid ? (VI) resulted. 
Since rearrangements in selenium dehydrogenations are minimised if carbony! or hydroxy! 


HO, - 


He’"*co ¢-0-c0-¢H s CO.,H OH 
SN l J HO.C 
” i) 
) (1) (Y) 


(1) (1) (m 


groups are removed,® the formation of a monomethyl, not a dimethyl, compound is in 
agreement with views outlined above. Finally perchloric acid-catalysed hydrogenation of 
decarboxy-octahydro- to -decahydro-columbinic acid (SCO —» SCH-OH) and dehydro- 
genation with selenium at 310° gave a fair yield of 1 : 5-dimethyl-2-naphthoic acid (VII), 
the synthesis of which was effected along standard lines.? This compound is also produced, 
although in inferior yield, by dehydrogenation of decarboxyoctahydrocolumbinic acid itself 
and is the so-called “ lactone, C,,H,,0,” referred to above. It is fully confirmed, there- 
fore, that the 5-methyl group in the hydrocarbon (III) and the acid (VII) must result from 
rearrangement during dehydrogenation. This 5-methy] group must also mark the position 
of attachment of the lactone (A) carbonyl group. It is implied, therefore, that there must 
be a methyl group at the adjacent quaternary centre. This is in agreement with the iso- 
lation of o-cresol in earlier degradations, because the hydroxy! group of this must surely 
represent the ketone group of decarboxycolumbin. ‘The formation of the acids (VI) and 
(VII) is also important in that it proves the position of lactone (B) relative to the bicyclic 
nucleus. 

We now consider evidence as to the number of C-methyl groups in columbin, Kiihn 
Roth oxidation of columbin gave 5-0°%, of C-Me, of isocolumbin 4-0 and 43%, of C-Me, and 
of dihydrocolumbin 4-65 and 5-0% of C-Me. These figures are in agreement with earlier 
work referred to above, since the calculated figure for one C-Me group is 41%. They 
show clearly that at least two C-Me groups must be present. The number of C-Me groups 
was also determined by quantitative infrared measurements in carbon tetrachloride solu- 
tion on the 1380-cm,.-! C-Me band of decarboxyoctahydrocolumbinic acid, with stearic 
acid as reference compound. The results showed that two C-Me groups were present, 

With these and earlier facts (see Part I) in mind, two possible consitutions (VIII) and 
(IX) can be considered for columbin. In our opinion constitution (LX) is the correct one 
for several reasons. First, it explains the formation of o-cresol on degradation, whereas 
the alternative (VIII) should afford 2: 3-dimethylphenol. Secondly, it accounts for the 
formation of 2: 4-dimethylbenzoic and 2-methylterephthalic acid better than does the 
alternative (VIII), which should afford either 2 : 3: 4-trimethyl- or 3 : 4-dimethyl-benzoic 
acid. 

Based on constitution (IX), all other derivatives can be logically formulated as follows : 
decarboxycolumbin (X), decarboxycolumbin acetate (XI; R = Ac), decarboxymethyliso- 
columbin (XI; R = Me), decarboxyoctahydrocolumbinic acid (X11), octahydrocolumbinic 

* W. Zimmermann, Z. physiol. Chem., 1935, 233, 257; 1936, 245,47; Varton and de Mayo, J., 1954, 
887; Broadbent and Klyne, Biochem. J., 1954, 56, xxx. 

7 Von Auwers and Monte. If: prakt. Chem,, 1925, 109, 146; see also Mayer and Schnecko, Ber,, 
1923, 56, 1410; Mousseron and Nguyen-Phuoc-Du, Compt. rend., 1044, 218, 281. 


* See, for example Barton, Fawcett, and Thomas, /., 1961, 3147; Voser, Mijovic, Jeger, and Ruzicka, 
Helv. Chim. Acta, 1951, 94, 1685; Barton and Overton, /., 1055, 2639 
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acid (XIII), dihydrocolumbin (XIV), the derived trisnor-acid (XV ; R = CO,H), the derived 
keto-acid (KV; R = CO-CO,H), and columbindiol and its diacetate (XVI; R= H or Ac 
respectively). 


We conclude with a description of several transformations which support the proposed 
constitution (IX). Quantitative bromination of the acid (XII) led to an uptake of 1-64 
mols. of bromine in agreement with only two replaceable a-hydrogen atoms. The bromina- 


tion product was not crystalline, but on brief treatment with collidine it afforded an 


af-unsaturated a-bromo-ketone (XVII), whose ultraviolet absorption spectrum was in 
agreement with the chromophore postulated. Conversion of dihydrocolumbin into di- 
hydromethylisocolumbin and oxidation with potassium permanganate gave an oily di- 
carboxylic acid which on sublimation furnished a crystalline anhydride (XVIII), whose 
infrared spectrum showed bands (in CHCI,) at 1850 and 1777 cm.~ indicative 1° of a substi- 
tuted succinic anhydride. In agreement, succinic anhydride itself showed bands (in CHC],) 


at 1860 and 1780 cm.~). 


* Nussbaum, Mancera, Daniels, Rosenkranz, and Djerassi, ]. Amer. Chem. Soc., 1951, 7%, 3263. 
” Stork and Breslow, ibid., 1063, 76, 3201; Elming, Vogel, Jeger, and Prelog, Helv. Chim. Acta, 


1952, 35, 2541. 
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It is our intention to report in due course on the constitutions of chasmanthin and 
palmarin, and the stereochemistry of the Colombo root bitter principles, 
From the biogenetic point of view, constitution (1X) can be regarded as derived from a 
norma! diterpenoid structure such as (XIX), by the appropriate methyl migrations. Such 
a scheme might have stereochemical implications 
upon which we also hope to report in due course. 


EXPERIMENTAL 


For general experimental directions see ref. 11. 

Infrared spectra were kindly determined by Dr. G, 

Eglinton and his associates. Ultraviolet absorption 

spectra were taken in ethanol with the Unicam S.P. 

600 Spectrophotometer, [a], are recorded for pyridine 

solutions unless stated otherwise. Microanalyses were 

carried out by Mr, J. M. L, Cameron and his colleagues. 

The following general procedure for dehydrogenations 

was adopted. The compound, mixed with twice its 

weight of selenium, was heated under nitrogen at the 

temperature specified overnight. The containing flask and its contents were ground in a mortar 

and thoroughly extracted with ether (Soxhlet; 3hr.). The ethereal solution was washed with 

aqueous potassium hydroxide (5%), and the aqueous layer separated. Acidification and re- 

extraction into ether gave the acid product (if any). The neutral fraction, after removal of the 

ether in vacuo, was chromatographed over alumina in light petroleum (b. p. 60-—-80°), elution 
being with the same solvent. The fractions were converted into picrates in the usual way. 

Synthesis of 1 : 6-Dimethyl-2-naphthoic Acid.—Ethy] acetoacetate (22-5 g.) was added to a 
stirred solution of sodium ethoxide (prepared by dissolving sodium (3-9 g.) in absolute ethanol 
(60 ml.)] on a steam-bath. After 5 min. 2-0-tolylethy! bromide * (26-6 g.) was added dropwise 
during 15 min, and the solution heated under reflux with stirring for 7 br. (precipitation of 
sodium bromide). The mixture was diluted with 2n-hydrochloric acid and extracted with 
ether. The ethereal layer was shaken vigorously with potassium hydroxide (50 g.) in water 
(50 ml.).% The resulting precipitate was filtered off and washed with ether. The ethereal 
filtrate was re-extracted in the same way. The precipitate and combined alkaline solutions 
were acidified with cold dilute hydrochloric acid and at once extracted into ether. The dried 
(Na,SO,) ethereal layer gave an oil (12 g.), b. p. 135-—-137°/0-5 mm., on distillation. This oil 
(7-0 g.) in concentrated sulphuric acid (50 ml.) at 0° was left for 1 hr., then poured on ice, and 
the precipitate was filtered off (5-3 g.; crude), Crystallisation from hexane gave 3: 4-dihydro- 
1 : 5-dimethyl-2-naphthoic acid, m. p. 160—162° (Found : C, 77-25; H, 6-7, CysH yO, requires 
C, 77-2; H, 70%). This acid (1-6 g.), palladised charcoal (30%, ; 2-0g.), and p-cymene (40 ml.) 
were heated under reflux for 3hr. Removal of the catalyst and extraction into aqueous sodium 
hydroxide (5%) gave, on acidification, 1: 5-dimethyl-2-naphthoic acid (1-0 g.). Crystallised 
from n-hexane containing a little benzene and sublimed at 130-—-140°/0-1 mm., this melted 
at 205—-207° (Found: C, 78-25; H, 63. C,,H,,O, requires C, 78-0; H, 6-05%). The acid 
was converted into the methyl ester by ethereal diazomethane. Recrystallised from aqueous 
methanol this had m. p. 77-78", Ay, 240, 288, and 334 mu (¢ 55,300, 7600, and 1400 respective- 
ly), Amin, 260 and 315 my (¢ 3400 and 1200 respectively) (found: C, 78-45; H, 6-15. C,,H,,0, 
requires C, 78-6; H, 66%). 

In an alternative dehydrogenation procedure 3 : 4-dihydro-1 : 5-dimethyl-2-naphthoic acid 
(500 mg.), N-bromosuccinimide (500 mg.), and carbon tetrachioride (20 ml.) were heated under 
reflux for 30 min, Chloroform was added and the succinimide removed by filtration. The 
solvents were removed under reduced pressure and the residue treated with ethanolic potassium 
hydroxide (10% ; 30 ml.) on the steam-bath for Ihr. ‘The acidic product gave, after crystallisa- 
tion from n-hexane, 1 ; 5-dimethyl-2-naphthoic acid (200 mg.) (m. p. and mixed m., p.). 

Reduction and Dehydrogenation of Decarboxyoctahydrocolumbinic Acid (X11),-—The acid 
(1-0 g.) in dry ether (20 ml.) was reduced with lithium aluminium hydride (1-0 g.) in the same 
solvent (50 ml.) under reflux. The oily neutral product (850 mg.) was dehydrogenated at 

*! Barnes, Barton, Fawcett, and Thomas, J., 1952, 2339. 

 Shoesmith and Connor, J., 1927, 1768, and references there cited. Ethylene oxide was used 
instead of ethylene chlorohydrin : see Huston ef al, J]. Org. Chem., 1941, 6, 123; 1947, 12, 90. 

Cf, Michael, Ber., 1906, 38, 2093. 
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450--360°, Chromatography over alumina gave 1: 2: 5-trimethylnaphthalene, isolated as the 
picrate (35%,) and identified by m. p, and mixed m. p. with an authentic specimen and by 
conversion into the styphnate (m. p. and mixed m, p.) and 1: 3; 5-trinitrobenzene adduct 
(m, p. and mixed m, p.). 

Lteduction and Dehydrogenation of Octahydrocolumbinic Acid (X1I1),-Octahydrocolumbinic 
acid was reduced with its own weight of lithium aluminium hydride in dry ether in the usual 
way. ‘The neutral product (1-2 g.) was dehydrogenated at 350°. Chromatography over alumina 
gave 1: 2; 5-trimethylnaphthalene, isolated as the picrate (m. p. and mixed m, p.). 

Dehydrogenation of the Wolff-Kishner Reduction Product of Decarboxyoctahydrocolumbinic 
Acid (X11).--The aeid (1-6 g.) was reduced by the modified Huang-Minlon procedure of Barton, 
Ives, and Thomas.“ The oily acidic product (1-3 g.) was dehydrogenated at 310° and the 
material produced was separated into neutral and acidic fractions, Chromatography of the 
latter in benzene solution over silica gel (30 g.) and elution with 1: 4 ether-benzene gave 1- 
methyl-2-naphthoic acid (60 mg.), m. p. [from light petroleum (b. p. 60-—-80°)] 175—-177°, 
undepressed in m, p, on admixture with an authentic specimen, },,,, 231, 283, and 328 mu 
(e 49,200, 6000, and 980 respectively), ?,,;,, 260 and 310 (¢ 3500 and 850 respectively), The 
authentic specimen’? had m. p, 177-—-178°, Ama, 231, 283, and 328 mu (e 49,800, 6400, and 990 
respectively), Agi, 260 and 310 my (¢ 3500 and 750 respectively). 

Reduction and Dehydrogenation of the Product from Methyl Decarboxyoctahydrocolumbate and 
Methylmagnesium lodide,--Decarboxyoctahydrocolumbinic acid (XII) (2-0 g.) was esterified 
with diazomethane, then treated with methylmagnesium iodide {from magnesium (250 mg.) 
and methyl iodide (1-0 g.) in dry ether (100 ml,)| at room temperature with stirring. The 
mixture was decomposed with a cold concentrated solution of ammonium chloride, and the 
organic product (ether-extracted) hydrolysed with potassium hydroxide (5 g.; in 50 ml, of 
1: 4 water-ethanol). Most of the alcohol was removed in vacuo and neutral material extracted 
with ether. Acidification gave the acid fraction which showed no colour in the Zimmermann 
test. This was dissolved in dry ether (50 ml.) and reduced with lithium aluminium hydride 
(2-0 g.) in the same solvent (150 ml.) under reflux for 1 hr. The neutral product (1-2 g.) was 
dehydrogenated at 350-—-360°, It gave 1: 2: 5-trimethylnaphthalene, characterised as the 
pierate (370 mg.) (m. p. and mixed m, p.). 

Dehydrogenation of Decarboxydecahydrocolumbinic Acid.—Decarboxyoctahydrocolumbin 
(1-0 g.) was hydrogenated over platinum (200 mg.) in ethyl acetate (100 ml.) containing 80%, 
perchloric acid (0-5 ml), One mol. of hydrogen was rapidly absorbed and the product, de- 
carboxydecahydrocolumbinic acid, showed no Zimmermann colour, This acid (4-0 g.) was 
dehydrogenated at 310°, ‘The resulting acid fraction (1-2 g.) was chromatographed in benzene 
over silica gel (40 g.), Elution with 1: 4 ether—benzene gave 1 ; 6-dimethyl-2-naphthoic acid, 
identified by m. p. and mixed m, p. (Found : C, 78-2, 78-4; H, 6-3,6-2. Calc. forC,,H,,0,: C, 78-0; 
H, 605%). The identity was confirmed by preparation of the methyl ester (m. p. and mixed m. p.) 
‘Found: C, 783; H, 645. Cale. for Cy4H,,O,; C, 78-5; H, 66%), Ama, 240, 288, and 334 mu 
(¢ 51,100, 6800, and 1400 respectively), i, 260 and 315 my (¢ 3200 and 1200 respectively). 

Bromination of Decarboxyoctahydrocolumbinic Acid (X11),--The acid (69-5 mg.), bromine 
(1 ml. of a solution containing 19-3 g. of bromine in 100 ml, of “ AnalaR”’ acetic acid), and 
hydrobromic-acetic acid mixture (0-1 ml.) were made up to 10 ml, with ‘‘ AnalaR "’ acetic acid 
and left at 20°, ‘Titration of aliquot parts showed an uptake of 1-64 mols. of bromine after 
14 hr., unchanged after times up to 48 hr, 

Decarboxyoctahydrocolumbinic acid (1-0 g.), bromine (20 ml. of a solution as above), and 
hydrobromic~acetic acid mixture (1-0 ml.) were made up to 100 ml, with ‘ AnalaR ’’ acetic 
acid and left at room temperature overnight. The non-crystalline product was refluxed with 
collidine (26 ml.) for 30 min. Chromatography in benzene over silica gel (30 g.) gave, on elution 
with 2:3 ether—benzene, monobromo-decarboxy-dehydro-octahydrocolumbinic acid (XVII), m. p. 
(from benzene) 234—-236°, [a], —20° (c 0-35) 2,4, 257 my (c¢ 7250) (Found: C, 57-6; H, 6-5. 
C,,H,,O,Br requires C, 67-15; H, 68%). 

Dihydromethylisocolumbin (with Dr. K. H. Overton and Mr, A. Wytre).—(a) Dihydro- 
columbin (XIV) (85 g.), ethanol (85 ml.), and aqueous sodium hydroxide (12% w/v; 40 ml.) 
were heated on a steam-bath until all was dissolved. Dimethyl sulphate (6 x 22 ml.) and 
aqueous sodium hydroxide (12% w/v; 6 x 85 ml.) were added alternately, the temperature 
being kept at 60--70°, Crystallisation of the product from ethanol gave dihydromethyliso- 
columbin, m. p. 236-238”, [a], 463° (¢ 1-36 in CHCI,), +-65° (¢ 1-14) (Found ; C, 67-2; H, 6-85; 
OMe, 83. Cy, HygO, requires C, 67-35; H, 7-0; 1 OMe, 82%). 

4 Barton, Ives, and Thomas, /., 1955, 2056 
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(b) Methylisocolumbin was hydrogenated in the usual way over paliadised calcium carbonate 
in 19: 1 ethyl acetate-acetone. The product was identical (m. p. and mixed m. p.) with that 
described above. 

Oxidation of Dihydromethylisocolumbin with Potassium Permanganate.—Dihydromethyliso- 
columbin (500 mg.) was oxidised with potassium permanganate according to Feist and Brach- 
vogel’s ? procedure for methylchasmanthin. The oily acidic product was sublimed at 250—-260° / 
0-2 mm., to furnish an oil which solidified when rubbed with »-hexane-acetone. The solid 
(90 mg.) was resublimed at 200°/0-2 mm., to give, on crystallisation from n-hexane containing 
a little acetone, the anhydride (XVIII), m. p. 212—214°, [a], +64° (c, 0-53) (Found: C, 62-15; 
H, 6-15; OMe, 9-85. C,,H,,O, requires C, 62-3; H, 6-55; OMe, 10-05%). 
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410. The Oxidation of Chromous Perchlorate Solutions by 
Molecular Oxygen. 


By MicnHarEL Arpon and GABRIEL STEIN. 


Oxidation by molecular oxygen of chromous perchlorate solutions results 
in the primary formation of oxygen-bridged chromic complexes. 


Tue kinetics of oxidation by molecular oxygen in aqueous solutions }+* have been discussed 
with reference to the mechanism suggested by Weiss.* On the other hand investigations 
on the role of atom and group transfer in the mechanism of ionic oxidations in solutions 4 
have renewed interest in the structure of stable complexes formed on oxidation of chromous 
salts. The present observations are relevant to both subjects. 

When chromous perchlorate solutions prepared by Taube and Myers’s method * are 
oxidised by, ¢.g., hydrogen peroxide in 0-1n-perchloric acid, the blue solution of Cr(H,O),°* 
is obtained, as described by them. The spectrum of such a solution is shown in curve A. 
This oxidised form is obtained also with other oxidising agents, ¢.g., chromate. If however 
the solution of chromous perchlorate (2 x 10-* to Im) is oxidised in a very rapid reaction 
with molecular oxygen a green solution is obtained the spectrum of which is shown in 
curve B, The spectrum of the green solution changes on warming and approaches that 
shown in curve A. 

The difference between the two solutions is likely to be due to the formation of oxygen- 
bridged chromic complexes. Lottermoser ¢e al.® have reported the formation of a green 
solution when chromium(1m) nitrate solutions were treated with only one equivalent of 
sodium hydroxide and then warmed at 50° for 160 hours. To their hydrolysis product 
they attribute structure (I). Their product is not readily converted into Cr(H,O),°* even 
in N-acid. When we repeated their preparation we obtained the spectrum shown in curve 
C, The two products are thus similar. Both are precipitated by ammonia and on re- 
dissolution in cold N-perchloric acid give the green solutions again. 

The solution obtained by oxidation with oxygen contains all the chromium in the 
tervalent form. Chloride ions were not formed in the process. Thus the product 
can only be a hydrolysis product containing chromium(im), This was supported by 
measurement of the conductance of solutions containing initially the same concentration 
of Cr** and finally the same concentration of Cr, prepared by means of hydrogen peroxide 

1 George, J., 1954, 4349. 

* Cher and Davidson, /. Amer. Chem. Soc., 1955, 77, 793. 

, Weiss, Naturwiss., 1035, 23, 64; 7. -_rk-y 9, 61, 
4 


Taube and Myers, /. Amer. Chem. Soc., 1954, 76, 2103 
Lottermoser, Schmied, and Peh Chuan Chi, FIAT Keports, Part III, p, 199, 
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and oxygen respectively. The green solutions produced by oxygen have a higher conduc- 
tivity than the blue ones produced by peroxide. This is due to the higher concentration 
of H* ions remaining in solution after the process, 2Cr** -+- 40, — (Cr-O-Cr}**, than 
after 2Cr®* 4+- H,O, 4+ 2H* —» 2Cr** + 2H,O. The product is however not Cr(OH)** 


Absorption spectra of chromic solutions. 


400 
Wavelength (mu) 
A, Produced from chromous perchlorate solutions by H,O,. 


B, Produced from chromous perchlorate solutions by O,. 
C, Produced from chromic perchlorate solutions by prolonged hydrolysis, 


or Cr(OH),* since these are in ready equilibrium with and are immediately convertible into 
Cr(H,O0),** in O-LN-perchloric acid. On the other hand, polynuclear complexes of the 
type [Cr-O-Cr}** or (I) are known not to attain such equilibria rapidly 
and may exist for some time in strong acid solution. The presumably 
binuclear product obtained by oxidation with oxygen from the chromous 
state is thus related to those obtained from chromic salts by prolonged 
hydrolysis. 

These considerations require that bridged complexes should not be 
formed in oxidation by hydrogen peroxide, ¢.g., Cr®* 4+- H,O, —» [CrOH}** +- OH (in 
a mechanism similar to that postulated for the ferrous ion). The autoxidation of 
Cr®* would however involve the formation of oxygen-bridged products and necessarily 
also the intermediate formation of labile peroxides, ¢g., Cr** 4+- O,—» (Cr-O-0}*". 
hese could of course immediately react with the excess of Cr** present. 

If however another suitable acceptor is present this may compete with Cr**. Indeed 
it has been observed ? that autoxidation of chromous salts is capable of inducing oxidation 
of arsenious solutions to arsenate, otherwise not brought about by oxygen. The transient 
formation of a labile peroxide was also postulated by Piccard.’ Our results explain also 
his finding that the formation of the labile peroxide is prevented by the presence of hydro- 
gen peroxide in the solution. 

The importance of metastable, oxygen-bridged, polynuclear forms for ceric ions was 
shown in another investigation.* For ferric ions a binuclear complex was also shown to 
play a role.® 

* Hall and Eyring, ]. Amer. Chem. Soc., 1960, 72, 782. 

" Piceard, Ber., 1913, 46, 2477. 


* Ardon and Stein, /., 1956, 104 
* Mulay and Selwood, /, Amer. Chem, Soc., 1956, 77, 2693. 
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EXPERIMENTAL 


Chromic perchlorate solutions were prepared from ‘‘ Analak '’ potassium dichromate by re- 
duction with hydrogen peroxide in the presence of perchloric acid, From this solution chromous 
perchlorate was prepared by reduction with zinc amalgam,‘ in the absence of oxygen, the solu- 
tion being flushed with purified nitrogen. Triple-distilled water was used throughout. 

Optical density was measured with a Beckman 1 spectrophotometer, conductance with a 
Mullard conductance bridge and pH with a Beckman G meter. 

The product of oxidation by oxygen showed a resistance of 2700; under identical condi- 
tions the product of oxidation by peroxide showed a resistance of 3120. The increase in 
conductivity of approx. 16% may be compared with our calculated approximate value of 
18-8%, which is obtained if a structure [(Cr-O~Cr}** is assumed having an equivalent conductance 
of 53. Similarly, pH measurements gave differences which agreed approximately with the 
values calculated on the basis of the reactions above. Further support is given by measure- 
ments of conductivity in which the original chromous solutions (in the absence of oxygen) were 
compared with the two chromic solutions, Oxidation by peroxide decreased the conductivity 
whilst that by oxygen did not affect it appreciably. This would occur if the equivalent con- 
ductance of, ¢.g., [(Cr-O~Cr}** is not appreciably different from that of Cr**, To ascertain 
whether Zn** ions which enter the solution in the reduction process affect the results, control 
experiments were carried out, in which the solution was reduced electrolytically at lead cathodes. 
The results were identical. 

Qualitative experiments with chromous chloride and chromous sulphate solutions indicate 
that here too the product of oxidation by oxygen is an oxygen-bridged complex, since precipit- 
ation with ammonia and re-solution yields similar green solutions, 


Hesrew UNIVERSITY, JERUSALEM. (Received, June 27th, 1955.) 


411. Solid-Liquid Equilibria in Solutions of Non-electrolytes. 
By R. P. Rastoci and K. T. Rama Varma. 


A modified thaw-melt method has been used to study solid-—liquid 
equilibria in solutions of non-electrolytes. The experimental and ideal 
solidus and liquidus curves almost coincide for the anthracene-acenaphth- 
ene system, thereby showing that the system is nearly ideal in both the phases. 
The naphthalene~phenanthrene and -a-naphthylamine systems are approx- 
imately regular, but naphthalene-a-naphthol and —acenaphthene are non- 
regular and non-ideal, 


Puase diagrams ' have recently been used to yield quantities of thermodynamic interest, 
but so far only eutectic systems have been satisfactorily investigated. Kleppa* has 
described a method for certain types of eutectic system which makes it possible to separate 
the calculated partial molar free energy into approximate heat and entropy terms, It 
appears that solid—liquid equilibrium studies might be used to obtain thermodynamic 
properties of mixtures but the method has received only scant attention in view of the 
limitations of experimental technique. We now describe a modified form of thaw-melt 
method, and measurements are recorded and discussed for five systems in order to see 
whether they are ideal, regular, or non-ideal. 


EXPERIMENTAL 


The usual method adopted in such studies is the cooling-curve method which involves two 
main sources of error, First, on account of supercooling the correct liquidus temperature cannot 
be obtained. Secondly, owing to separation of the solid mass the thaw point cannot be 
accurately determined, Further, the necessary plotting of cooling curves is time-consuming. 
Hence, this method was rejected and one based on the procedure adopted by Rheinboldt * and 

' Chipman, Discuss. Faraday Soc., 1948, 4, 23. 


* Kleppa, J. Phys. Chem., 1955, 58, 175. 
* Rheinboldt, J. prakt. Chem., 1925, 11, 242. 
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Pounder and Masson * was employed. This method eliminates the above two sources of error 
and is both rapid and direct. 

Reagents,—- AnalaR"’ reagents were used without further purification. The purity was 
checked by determination of m. p. 

Prepavation of Mixtures.-Mixtures were prepared as described by Pounder and Masson.‘ 
The temperature of the bath was kept near the f. p.s of the components in order to prevent 
vaporization, 

Determination of Melting Points and Thaw Points,—The bath consisted of a 500-c.c. beaker 
filled with water, glycerol, or paraffin wax according to the temperature range involved, It was 
fitted with a wooden cover through which passed a thermometer graduated in 0-1°, the capillary 
tube of the form employed by Pounder and Masson, and an electrical heater. Heaters of 
different resistances were employed so as to secure a 1° rise in temperature in about 5 min. The 
bath was illuminated from behind so that the beginning of melting and solidification could be 
observed conveniently, and the bath liquid was stirred magnetically so as to minimize temper- 
ature gradients. The m, p.s and thaw points were determined according to Pounder and 
Masson. The thermometers were calibrated against standard thermometers with N.P.L. 
certificates, Corrections were made for emergent stem, ‘The experimental conditions did not 
warrant the use of a thermocouple. {In almost all cases the thaw points and m. p.s were very 
sharp, being reproducible to 4-0-1". 

The liquidus and solidus temperatures are plotted against molar fractions in Figs. 1—5. 
The broken curves show the theoretical values for ideal mixtures. The values of thaw points 
(t.p.) and m. p.s for anthracene-acenaphthene systems are given in the Table, ¥ being the 
mole-fraction of anthracene. 

00996 02409 03412 05002 05140 0-5561 0:5683 06326 0-7327 0-7946 0-9604 
103-3° 100-6" 113-8” 121-9° 121-0° 129-2° 1281° 137-6° 157-7° 163-0° 180-0° 
115°8° 146-1° 158°8° 181-8° 181°8° 185-1° 185-1° 189-3° 198-9° 203-4° 212-0° 


Discussion 
Of the systems studied, naphthalene-«-naphthol, —«-naphthylamine, and —phenanthrene 


have been previously studied by the cooling-curve method.® In the following Table the 
eutectic composition (in mole-fractions) of naphthalene and the eutectic temperatures are 
compared. 


Eutectic temp. : Eutectic comp. : 
Second component Authors Others Authors Others 
«-Naphthylamine * , 28-0° 0:36 0-295 
a-Naphthol ¢ ° 61-0 0-487 0-395 
Phenanthrene * 48°5 0-558 0-62 


* For other authors, see ref, 5(b), t For other authors, see ref, 5(a). 


For the eutectic systems the ideal curves were plotted by using the following 
expression,* which gives the ideal composition in the liquid phase when 7,' = 1: 


A/h’, {1 ] A,C° T 
A eee! dle TO ESS EM be) iB FE" 
In Nyy = (7 r) t (in ar. 1 


where x,' is the mole-fraction of component 1 in the liquid phase, and A,h*, is the latent 
heat of fusion at the m. p., T°,, 47C°y,1 = C°pa' — C°y,1* where C°,,,' is the molar heat 
capacity at constant pressure of component 1 in the liquid state and C°,,;’ that for the 
same component in the crystalline state, and r,! is the activity coefficient of component | in 
the liquid state. 

It is seen that the ideal curves closely approximate to experimental curves in the 
naphthalene-phenanthrene and the naphthalene-«-naphthylamine system. The large 
deviation in mixtures of naphthalene and a-naphthol is due to association of a-naphthol on 
account of hydrogen bonding. It seems that the hydrogen bond in «-naphthylamine is 


* Pounder and Masson, /., 1934, 1357. 
' (a) Crompton and Whiteley, /., 1895, 67, 327; (b) Rudolfi, Z. phys. Chem., 1909, 66, 705. 
* Prigogine and Defay, '’ Chemical Thermodynamics,’ Longmans Green and Co., 1954. 


1956} Solutions of Non-electrolytes. 2099 


comparatively very weak and hence no significant departures from ideality are observed, 
For comparison, molar volumes of naphthalene and «-naphthylamine are given below : 


Molar vol. in Molar vol. in ' Molar vol. in Molar vol. in 
solid phase liquid phase solid phase liquid phase 
Naphthalene 111-93 132-5 at 05° a-Naphthylamine ... 122-11 120-87 at 50° 


Fic. 1. Naphthalene-a-naphthol., Fic, 2, Naphthlene-a-naphthylamine. 
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Fic. 3. Naphthalene—phenanthrene. 
Fic. 4. Naphthalene-acenaphthene 
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Ihe non-ideality of the naphthalene-acenaphthene system is mainly due to difference in 
size and shape of the molecules of the two components. 
In a regular solution, the activity coefficients are given by 


RT In ry ax," ye 6 eS ee ee 


where « is a constant supposed to be independent of temperature.” 

According to Guggenheim’s theory ® of strictly regular solutions, « is dependent on 
temperature. However, in this discussion we shal! assume it to be independent of temper 
ature owing to experimental limitations. From equation (2) it follows that if In 7, is plotted 

* Hildebrand and Scott, “‘ Solubility of Non-electrolytes,”” Reinhold Publ. Corp., New York, 1950 

* Guggenheim, ‘’ Mixtures,’’ Oxford, 1952. 
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against x,*/T, or In rg against x,*/7, a straight line should be obtained passing through the 
origin. In order to test the conformity of the eutectic systems to regular mixtures, In 7, 
and ln 7, were calculated from equation (1) from the two branches of the liquidus curves, and 
in Fig. 6 they are plotted against x,*/7' and x,*/T, respectively. For liquid mixtures of 
naphthalene with phenanthrene and with a-naphthylamine the two curves have practically 
the same slope and pass close to the origin, indicating slight deviation from regular 
behaviour especially in the second system. The expression RT In 1, = kd,*, where k is a 
constant and ¢, is the volume fraction of the second component, could not be used in 
analysing our data since the values for the densities and the coefficient of volume expansion 
of the substances in the liquid phase were not available. 


Fic. 6, 
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: Naphthalene~phenanthrene, 
Anthracene (mole fraction) 2-e 8 rs inst *,*/T. ’ 
Ideal curves. ~~ Naphthalene-phenanthrene, 
Experimental curves. _In ‘I against x,*/T. 
——X-—X-—~ Naphthalene-a«-naphthylamine, 
In r, against x,*/T. 
A--A-— Naphthalene-a-naphthylamine, 
In 7, against x,7/T. 


Anthracene and acenaphthene form complete series of solid solutions. The ideal 
liquidus and solidus curves have been plotted in Fig. 5 by Seltz’s procedure.® The following 


equations were used ; 

2 = (exp A, — 1)/fexp », — exp (— d4)]; x" = (exp a, — 1)/[exp (Ay + %)— 1). (3) 
where hy w= (Aph?,/R)(1/T — 1/T°) 

and hg == (Ayh®,/R)(1/T — 1/T°,) 


Ihe observed and the calculated solidus curve practically coincide. There is slight 
departure in the liquidus curves. The behaviour of the system is analogous to that observed 
in germanium-—tin alloys.'° The ideality of the system was also tested by comparing 
observed slopes and those calculated by the equations (4) due to Rastogi : ™ 


dx,! %s"Ash?, -+- xy'Ash’, x x%,'Aph’, 4+- xb Ash? (4) 
al ; $ _&4 4 RT? od as 
2 x’ X,” 


* Seltz, /. Amer, Chem. Soc., 1934, 66, 307 
” Thurmond, /. Phys. Chem., 1953, §7, 827. 
't Rastogi, Proc, Nat. Inst. Sei. India, 1956, 21, 144, 
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It is found that the slopes agree to within 10%. It seems therefore that both the solid and 
the liquid phase are approximately ideal. The conclusion is not surprising in view of the 
fact that the molar volumes of the two components in the solid phase are very similar 
(acenaphthene, 149-7 c.c.; anthracene, 155-35 c.c.). 


The authors gratefully acknowledge the support of the Indian Council of Scientific and 
Industrial Research for the present investigation and a maintenance grant to K. T, R. V. 
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412. Radiolytic Reactions in Neutron-irradiated Bromobenzene, 
By MirtaM Miiman and P. F. D. Snaw. 


Factors affecting the distribution of the isotopes “Br, “Br*, and “Br 
among the compounds produced in neutron-irradiated bromobenzene have 
been investigated. A radiation-induced exchange between bromobenzene 
and bromine atoms produced by radiolysis is largely responsible for the 
greater retention of the longer-lived isotopes, the exchanged atoms occupying 
the same positions in the benzene ring as the original atoms, The chief 
cause of the variable results obtained previously is probably the presence 
of water in the bromobenzene, which under the influence of radiation reacts 
to give phenolic products which with elementary radio-bromine then give 
other organic compounds, 


WHEN organic bromides are bombarded with slow neutrons, a proportion of the radio- 
bromine produced can be extracted with an aqueous reagent, ¢.g., sulphite or bromide 
solutions. This is because the recoil energies of the bromine atoms from the y-rays 
emitted on neutron capture are greater than the chemical binding energies of C-Br bonds, 
so that dissociation occurs, leaving some radioactive bromine combined in new chemical 
species (cf. Szilard and Chalmers 3). 

Three possible radioactive isotopes of bromine may be produced by this means: Br 
(half-life 18 min.), its isomer “Br* (4-5 hr.) which decays into **Br by emission of weak 
y-rays and internal conversion electrons, and *Br (35 hr.). Libby and his co-authors,*.* 
working with iso- and n-propyl bromide, have reported that the retentions (fraction of 
radio-bromine left in organic combination) of these isotopes are the same; we have 
confirmed this for ethyl bromide and ethylene dibromide containing small quantities of 
elementary bromine (unpublished work). Capron and Crévecoeur,* using bromobenzene, 
found a difference in the retentions of Br and *°Br*, that of the longer-lived isotope being 
the greater: they also found that the ratio of the isotopic retentions depended on the 
energy distribution of the bombarding neutrons, and concluded that the Br and *Br* 
atoms produced had different recoil energies which arose from variations in the y-ray 
cascades following neutron capture. Capron and Oshima ® and Capron and Crévecoeur * 
find similar effects in bromoform, and in iso- and n-propyl bromide; however, they 
admitted that the purity of the last two compounds was poor, and, as Libby and his co- 
workers ** have pointed out, the presence of impurities which could react with inorganic 
bromine to return it to organic combination would favour greater retentions for the longer- 
lived isotopes. Chien and Willard 7 examined the organic retention of Br and fr* in the 
propyl bromides, bromoform, and bromobenzene, and found that the isotopic retentions 
were the same in the aliphatic bromides, but were unable to confirm this for bromobenzene 
owing to poor reproducibility of results, and they concluded that the retention differences 

Szilard and Chalmers, Nature, 1934, 194, 462 


Fox and Libby, dj Chem. Phys., 1962, 20, 487 
Rowland and Libby, ibid., 1953, 21, 1495. 


Capron and Oshima, J. Chem. Phys., 1952, 20, 1403. 
Capron and Crévecoeur, tbid., 1953, 21, 1843. 


1 
I 

a 

* Capron and Crévecoeur, J. Chim. phys., 1962, 49, 29. 

4 

6 

* Chien and Willard, J. Amer. Chem. Soc., 1954, 76, 4735. 
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observed by Capron et al. were due to impurities. Evidence for the radiolytic production 
of compounds causing an increased retention in bromobenzene has been given by Shaw and 
Collie,” who showed that the effect of such compounds could be reduced by the addition of 
bromine before irradiation. 

The purpose of the present investigation was to examine in more detail the behaviour of 
bromobenzene on neutron irradiation, with a view to removal of the apparent discrepancy 
between the constancy of isotopic retentions in aliphatic bromides and the observed 
differences in bromobenzene. 

The retentions observed in pure bromobenzene have been reported by Shaw and 
Collie * and by Chien and Willard 7 to be variable; this has been confirmed in the present 
work. In order to obtain comparable results, therefore, the retentions of all the isotopes 
were found from measurements on the same specimen of bromobenzene after it had been 
irradiated for seven days, The results obtained from two experiments are given in Table 1, 
(a) and (b); the calculation of the retentions of the ®*Br is complicated by changes in 
chemical composition undergone when ®Br* decays into "Br (see, ¢g., DeVault and 
Libby *) and is given in the Appendix. The retentions show qualitatively that the order of 
increasing retention R is the same as that of increasing half-life, 7.c., R(®Br) > R(®°Br*) 
k("r), This strongly suggests that the observed differences might be due to slow 
reactions, possibly with impurities, in which extractable radio-bromine reacts to give 
organic bromine compounds, 


TABLE |. Retentions (%,) in bromobenzene. 
“Br “Br 
731 ‘f 58-2 
77-0 2 54-9 
66-0 ! 41-1 
(d) mt - pe 67:3 ’ 43-5 


(The statistical errors due to counting were about +-1°% in each case.) 


rhe retentions obtained when small quantities of inactive bromine were added to 
bromobenzene before irradiation also showed the same sequence [Table 1, results (c) and 
(d)). In this case, exchange between the extractable radioactive species (HBr and Bry) 
ensured that all the inorganic radio-bromine was present as elementary bromine. Provided 
that the quantity of impurities capable of reacting with bromine was small compared with 
the amount of inactive bromine present, these results eliminated the possible explanation 
that the observed retention sequence was due solely to slow reactions with impurities. 

Exchange in Bromobenzene.--A clue to the explanation of the observed effects was 
obtained from preliminary attempts, made in collaboration with I. B. Simpson, to analyse 
the organic products arising from the reactions following neutron capture. It was found 
that the fraction showing the greatest difference between the “Br and the ®Br* isotope 
was bromobenzene, the retention in this fraction always being greater for the longer-lived 
"Isr (see Table 3), The effect of bromine added before irradiation was to increase the 
percentage of active bromobenzene for both bromine isotopes. This suggested that, under 
the conditions of irradiation, exchange occurred between elementary bromine and bromo- 
benzene, the exchange in the pure system being restricted because some of the extractable 
bromine was present as hydrogen bromide. To test this hypothesis, pile-produced ™Br 
was dissolved in bromobenzene, and aliquot parts were left for 2 days in daylight, near a 
Ra~Be source, near a radium source, and in the dark. The retentions observed were 
respectively 98-0, 56-1, 43-5, and 8-0%, ; the distribution of the organic activity was approx- 
imately the same in each case, the active compounds produced being bromobenzene (88°, 
of the total organic activity), dibromobenzenes (2%), and aliphatic compounds (6%). The 
activity induced in the specimen left near the Ra~Be source was small compared with that 
of the @Br used, and was neglected. The aliphatic compounds were those which reacted 
with refluxing alcoholic potassium hydroxide and were probably produced owing to the 


* Shaw and Collie, 7., 1951, 434. 
* DeVault and Libby, Phys. Rev., 1940, 68, 688, 
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presence of water in the bromobenzene (see Experimental). Under similar conditions, bromo- 
benzene containing active hydrogen bromide gave a retention of 7-6%, of which about two- 
thirds was present as bromobenzene, the rest being dibromobenzenes. 

The exchange was studied for bromine concentrations which were small compared with 
that of bromobenzene; it may therefore be assumed that no reverse reaction occurs, so 
that for a given bromine concentration, the number of radio-bromine atoms (N) exchanging 
is given by 
WOM . » 6s si 6 ea +e 
or eT ee re 
where « is the fraction exchanging in unit time and N,/N, [equal to (1 — r)} is the fraction 
of elementary radio-bromine molecules remaining after time ¢. The exponential form of 
the exchange for small bromine concentrations was verified, an induction period sometimes 
being observed. 

A probable mechanism is the following : 


hy 
Br, —~> 2Br 


kh, 
Br + Br» Br, 


hy 
Br + BrBr* === Br, + Br* 


hy 
PhBr + Br* ——®» PhBr* +- Br 


If the overall rate of (4) is small compared with that of (3), we may assume that reactions (3) 
are in equilibrium, so that 
(Br*)/[BrBr*] = A [Brijkgic . . « 1 we eh lw Cb) 
where c is the concentration of inactive bromine. Applying stationary-state conditions to 
the bromine atoms, we have 
Rs wil Dre OT Oe NO aR 


Substituting (iii) and (iv), we have, for the rate of exchange : 


. kak, {PhBri{ Br}! BrBr* kok, (k,\*(PhBr)| BrBr*) 
k,{PhBr)[Br*} = we OI [PhBr){F nage | 2-4 (7) ————_ 

3 c ky \& c 
For a constant geometry, &, is constant; [PhBr) is also effectively constant over the 
bromine concentration studied, and therefore the rate of formation of radio-bromobenzene 


fequal to —(rate of loss of radio-bromine)} is 
6[BrBr*}/ct, where 6 = (kghky/ky')(ky/hg)* PhBr} 


Comparison with (i) gives « = 6/ct, 
To check this mechanism, specimens of bromobenzene containing different con- 


centrations of labelled bromine were placed equidistant from 500 mc of radium, so that the 
y-ray intensity corresponded to about 50 k per hr., and were extracted after 4 days, The 
values of « were calculated as above; the graph of « against c' is given in the Figure, on 
which are also plotted results obtained similarly but by using the radiation and neutrons 
from a 500 mc Ra-Be source; the graphs are roughly linear over the concentration range 
(10°* to 10°* molar fraction) studied, although there is some evidence that at higher bromine 
concentrations the rate is decreasing more rapidly than expected from a ¢! dependence. 
Mechanisms involving phenyl radicals or bromine atoms produced from the reaction 
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PhBr ~~~ Ph -+- Br do not lead to c+ dependence, and consequently the contribution of 
this exchange to the reaction is small. : 

Mechanism of the Exchange.—Exchange with bromine atoms has been observed in 
compounds such as 2-bromopropene by Williams, Hamill, Schwarz, and Burrell,!® who 
found that it involved proton transfer; for example : 


Bre Br 
CHyCBriCH, —> CHyCBrCH,Br* —> -CHyCHBr-CH,Br* ——> CH,!CH-CH,Br* 


The equivalent mechanism in bromobenzene would involve substitution of the radio- 
bromine in the ortho- or para-position relative to the original bromine atom. To test 
whether any exchange occurred by this mechanism, solutions of labelled bromine in pure 
o-, m-, and p-dibromobenzene were left in ultraviolet light until complete exchange had 
occurred, To each isomer, carriers consisting of the other dibromobenzenes and 1 : 3 : 5- 
tribromobenzene were added; some of the p-dibromobenzene was recovered by freezing 
and the remaining carriers were fractionally distilled. The fractions containing dibromo- 
benzenes were measured for activity and subsequently analysed by infrared spectro- 
photometry. The results (Table 2) show that for p- and m-dibromobenzene the exchange 


Relation of the exchange vate a ( fraction exchanging 
per day) against ct, c being the molar fraction of 
inactive bromine present. 


A, for Ra-Be source. B, for Ra source. 


10~te~ 4 


occurs without change of position of the entering atom. The errors given include 
those due to the analysis. A bad separation of the fractions obtained from the irradiated 
o-dibromobenzene rendered the result for this compound insignificant; however, if it was 
assumed that the activity of the meta-derivative was zero, the percentage of labelled 


TABLE 2. Exchange in dibromobenzenes. 
Activity (°%) present as 
(a) dibromobenzene (6) tribromobenzene 
- — - 


Isomer irradiated Br exchange (%,) 0- m >. 


para 


mela +t ~16-+ 20 127 4+ 35 
(See Experimental) — 


o-dibromobenzene obtained was 92, which was consistent with the observed total retention. 
Exchange therefore occurs at the site of the existing bromine atoms in dibromobenzenes ; 
it is probable that the exchange in bromobenzene is similar, since it is unlikely that the 
presence of another bromine atom would completely inhibit an exchange proceeding by 
proton-transfer, 

Products from Neutron Irradiation.—These products were analysed by adding dibromo- 
benzenes and | : 3: 5-tribromobenzene as carriers after extraction of the irradiated bromo- 
benzene ; the mixture was then refluxed with alcoholic potassium hydroxide; the potassium 


‘* Williams, Hamill, Schwarz, and Burrell, J. Amer. Chem. Soc., 1952, 74, 5737. 
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bromide so obtained was acidified and treated with chlorine. The bromine liberated was 
taken up in inactive bromobenzene by successive extraction; it was hoped that this 
fraction (“ aliphatic ” in Table 3) would give a fair indication of the aliphatic radio-bromine 
compounds produced. However, it was found that the aqueous solution was still active 
after removal of bromine ions. This activity, which is discussed in the Experimental 
section, is called “ aqueous ” activity in Table 3. 

The aromatic bromides were then obtained by distillation; in general, no attempt was 


TABLE 3. Analysis of irradiation products (%, of total activity), 
Br r present (e in 1 molar r fractions) 


oe Eagpatens Wen de We ew 
(b) 4-0 xt lot =%7 x lo 218 x lo 4-68 x 10+ 


Gorwepatommereny . gecceiiamrmeany gee “rr one 
Fraction “Br . wp Bre “Br “Br* 
Total retention , . * 80-2 . 663 470 60-9 
Bromobenzene : * 2 40-0 . 32-6 
Dibromobenzenes one . , ‘ 12:1 o 11-8 
* Aliphatic ” , . ‘l 20-8 , 157 
* Aqueous " activity -— _- _— , 11-7 


In experiments (a), (b), and (c) the irradiated bromobenzene was not completely dry (see Experi- 
mental); in the other experiments it was dried over sodium The statistical errors of counting were less 
than +4%, in all fractions except for the “ aliphatic " and aqueous activities for which the errors are 
about +5% (Br*) and + 10°) (Br). 


made to separate the dibromobenzenes. Active compounds remaining after the distilla- 
ticn of the latter were measured together with the tribromobenzene as residues, which 
were found to contain less than 2% of the total activity. 

Owing to the short half-life of Br, no analysis could be made of the distribution of its 
activity. 

It was possible to obtain results for the analysis in bromine-free bromobenzene only 


when the latter contained traces of water. Sodium-dried bromobenzene always acquired 
a faint yellow colour owing to liberation of elementary bromine. 

Effects of water. During the measurement of the amount of inorganic Br produced by 
decay of organic *°Br* compounds, it was found, contrary to expectation, that successive 
extracts of extracted irradiated bromobenzene always contained a significant amount of 
*°Br* activity. Also, if bromobenzene was extracted after its removal from the neutron 
source, and if the elementary bromine liberated from the extract by chlorine was taken up 
in bromobenzene, the retention so obtained [equal to (1 — bromine activity from 
extract /total activity)| was always greater than the retention measured normally (organic 
activity/total activity). This indicated that active water-soluble compounds other than 
hydrogen bromide or elementary bromine were produced during the irradiations. The 
efficiency of extraction of these compounds by an aqueous reagent was greater for more 
basic reagents, suggesting that water-solubility was conferred by a phenolic or acidic group. 

Water present might be expected to give phenolic compounds (cf. Stein and Weiss '*) 
produced by OH radicals obtained from the radiolytic dissociation of water. These could 
then react with active bromine to form further brominated phenols. 

To test this, pile-produced “Br was dissolved in bromobenzene saturated with water 
and left on the Ra—Be source for 12 hr., at the end of which the bromobenzene had become 
turbid owing to formation of aqueous hydrogen bromide. Inactive | : 3: 5-tribromo- 
phenol was added to the irradiated solution and recovered by extraction with alkali followed 
by acidification. It was found that approximately 40°, of the total activity was present 
in this fraction. A parallel experiment was also performed, the solution of active bromine 
in bromobenzene being left in darkness for 12 hr. to verify that no tribromophenol was 
formed without the influence of radiation, and that no exchange effects conferred activity 
to the carriers. 


1t Stein and Weiss, J., 1949, 3245, 
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DISCUSSION 


The aliphatic radio-bromine must be largely produced by slow reactions since in pure 
bromobenzene considerable differences in isotopic retentions are observed in this fraction ; 
also, in the presence of bromine, the aliphatic retentions are reduced and (within 
experimental error) become equal for Br* and “Br. Wet bromobenzene containing 
bromine became paler during irradiation and also showed larger aliphatic and water- 
soluble fractions than those obtained from sodium-dried specimens. The increased 
retentions of these fractions in such circumstances are consistent with the known formation of 
tribromophenol, which might react further to give tribromophenol bromide (tetrabromocyclo- 
hexa-2: 5-dienone), This could react with alkali to give polymers (Railford and LeRosen ™) 
with the elimination of potassium bromide. If water-soluble, the polymerised material 
might account for the observed involatility of the aqueous fraction (see Experimental). 

It is also possible that some of the active compounds originally present might be truly 
aliphatic, being produced by disruption of benzene rings by the recoil particles (Stein and 
Weiss ), followed by reaction of the fragments with the neighbouring active bromine 
atom. After the hydrolysis the activity from such compounds would be found largely in 
the aliphatic fraction, but bromo-acids or ketones might be produced from —CBry, or 

-CBr, groups and remain in the aqueous fraction. 

The formation of active aliphatic products in incompletely dry bromobenzene con- 
taining no bromine could be explained similarly, the observed activities being greater 
because no inactive bromine was present to undergo preferential reaction with phenols, etc., 
produced, However, the possibility of production of unsaturated aliphatic compounds by 
the recoil particles ' and their subsequent saturation by active bromine is not excluded.*® 

The sum of the individual fractions should ideally be equal to the measured retentions ; 
that this is not so is probably because the hydrolyses of the aliphatic compounds present 
were not complete, and it was difficult to avoid losses in these fractions. More confidence 
can be placed in the values obtained for the mono- and di-bromobenzene fractions, since 
in these allowance for losses could be made exactly. 

When bromine is present in the irradiated bromobenzene the variation of the activity 
in the bromobenzene fractions can be satisfactorily explained on the basis of the observed 
exchange. Since the rate of production of the active extractable bromine from the recoil 
process is equal to the total rate of loss from this fraction, at equilibrium we have r 
I(, + B/+/c), where r is the rate of formation and J is the number of radio-bromine 
molecules of decay constant 4 present at equilibrium. If 1 is the corresponding quantity 
which would have been observed had no exchange occurred, then r would have been equal 
to 1A, that is, 


in = 1a + Bl a/c), or i Ip[ar/e 


On division by the total number of radioactive atoms produced this becomes e — FE = 
BE /d«/c, where e and E are the efficiencies of the overall extraction process, t.¢., E 
(I r). 

(¢ — E) is the fraction of the radioactive bromine atoms exchanged; this quantity, 
subtracted from the observed bromobenzene activities given in Table 3, should therefore 
give the fraction of active bromobenzene produced during the recoil process. To be 
consistent with the observations of Libby, Willard, and others, this quantity should be the 
same for both isotopes, and in view of the small concentrations of inactive bromine present 
it should also be the same for all specimens; that this is approximately true can be seen in 
Table 4; under the conditions of irradiation the value of @ calculated from exchange data 
was 2-08 x 10 (molar fraction)!/hr. 

A similar calculation for the specimens which did not contain bromine during irradiation 
is not possible since the effective concentration of elementary bromine is not known. 


' Railford and LeRosen, /. Amer. Chem. Soc., 1046, 68, 397 
* Stein and Weiss, /., 1949, 3254. 
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In view of the complexity of the other processes shown to occur, for example, the form- 
ation of dibromo- and phenolic derivatives, the differing isotopic retentions in other fractions 
could be treated similarly to those in bromobenzene; the overall retentions for the three 
bromine isotopes might then become the same, as found in aliphatic bromides, 


TABLE 4, 


Molar Ph Br* Ph" Br 
fraction of Ph” Br* (%) for no Ph" Br (%) for no | 
bromine y —E exchange (¢ — EB) exchange 
970 x lo 24+ 0- ‘lL + 0- 15:3 + 0-6 5-6 + I 32-0 + 10 13-6 4. 1-6 
400 x 10% B +. 0- 3 + 0° 14-0 4+. 0-5 32-6 + | 17-7 + O% 14-9 + 1-3 

<x 10-4 54 + O- 3 , 11-7 4 0-5 33-0 +- 1- 18-0 + O45 150 -+- 1-2 
0 + 0 M0406 37241 268+ 00 lod 14 


The sharp reduction in retention on increasing the bromine concentration observed by 
Chien and Willard ? is to be expected because of the c! dependence of the exchange; this 
might also account for the differences in the *°Br and “Br retention ratios found by Capron 
et al.*,*.® when they altered the position of their bromobenzene relative to the neutron source 


and hence the y-ray flux. 


EXPERIMENTAL 


Neutron Ivvadiation.—Specimens to be irradiated were placed round a 500-mc Ra-Be source 
held centrally in a large paraffin trough containing water, and the whole was covered with a 
block of paraffin wax, Irradiations were performed in darkness, Before irradiation, specimens 
were stored in daylight to reduce so far as possible any induction period preceding the exchange 
induced by radiation from the source, 

Materials.-Bromobenzene was obtained from British Drug Houses Ltd. and was purified 
by keepting it with bromine in daylight until no further loss of colour occurred, It was then 
shaken with dilute sodium sulphite solution and washed with water. After storage over calcium 
chloride it was distilled through a 15-in. column packed with glass helices, Before use it was 
dried either by boiling it to expel a little bromobenzene vapour which contained most of the 
water, or by storing it over sodium and performing subsequent operations in a dry-box containing 
phosphoric oxide, ‘‘ AnalaR ”’ bromine was obtained from the same source and was used with- 
out further purification, Pile-produced “Br was available as ammonium bromide; bromine 
was obtained from this by mixing it intimately with a large excess of manganese dioxide and 
treating it with sulphuric acid, the evolved bromine being condensed. Hydrogen bromide was 
made by treating the ammonium bromide with phosphoric acid; a small quantity of bromine 
evolved was removed by bubbling the evolved gas through bromobenzene. 

Extraction and Measurement of Samples,—The irradiated liquid was normally split into two 
specimens, one of which was extracted with a dilute solution of sodium sulphite containing, when 
necessary, sodium bromide as a carrier. After the extraction the liquid was dried (CaCl,) and a 
little bromine was added, to ensure that the activity from HBr which might be produced from 
the decay of ™Br* remained in solution by exchange with the added bromine, If this precaution 
was neglected there was considerable danger of losing activity on the walls of the containing 
vessel. The second sample was retained for measurement of the total activity produced; when 
bromine was not present during the irradiation it was added to prevent accumulation of the 
inorganic activity on the walls of the containing flask or counter. The flask used for the 
irradiation was allowed to drain and was extracted separately with sulphite-bromide solution, 
This was then acidified and treated with chlorine, the liberated bromine being taken up into 
inactive bromobenzene by successive extraction. The activity from this, after correction for 
dilution, was added to the total activity obtained. 

An M-6 counter, supplied by Twentieth Century Electronics Ltd., was used to determine the 
activities. Measurements were made at least 3 hr. after the last chemical or physical operation 
in order to ensure that the “Br produced directly by neutron capture had decayed and that the 
“Br from “Br* was in transient equilibrium. The counts from the decay of ™Br* were small, 
the particles counted being chiefly those from the “Br disintegrations. Second measurements 
were made 15 hr. later and the activities due to the *Br* and “Br were calculated from the two 
measurements, 
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Exchange.—The exponential nature of the exchange was checked by irradiating a solution of 
*}3r in bromobenzene with a 1000-w tungsten lamp at 15°. Portions (1 ml.) were removed at 
constant time intervals and extracted with sulphite; carbon tetrachloride (10 ml.) was then 
added and the solution was separated and dried (CaCl,) before measurement. Before following 
the exponential law, the exchange showed an induction period, the duration of which was 
different for different specimens of bromobenzene ; by following the above purification procedure 
the delay was about 0-05—0-10 of the half-period for exchange. The dependence of the exchange 
on the total bromine concentration was determined by making up a series of solutions of inactive 
bromine in bromobenzene, These were then kept in light to destroy the inhibitor responsible 
for the induction period, and aliquot parts of labelled bromine were added in darkness. The 
solutions were arranged symmetrically round 600 mc of radium at a distance of 9 cm, and were 


The exchange between bromine and dibromobenzene was studied by dissolving labelled 
bromine in the ortho- and the meta-isomer and in a solution of p-dibromobenzene in carbon tetra- 
chloride; the solutions were irradiated for 20 hr. with ultraviolet light. After extraction 
equal (weighed) quantities of the remaining dibromobenzenes and a littie 1 : 3 : 5-tribromo- 
benzene were added, Some p-dibromobenzene was obtained by freezing the mixture; after 
recrystallisation from alcohol a weighed quantity was dissolved in 10 ml. of carbon tetrachloride 
and its activity was determined ; the total activity due to the para-isomer in the origina] mixture 
was calculated from the known recovery and dilution. The remaining mixture was fractionally 
distilled; weighed amounts of consecutive fractions were diluted and their activities were 
determined, The infrared absorption spectra of these fractions were taken, and analyses were 
obtained by comparison with the spectra of pure specimens of o-, m-, and p-dibromobenzene. 
The accuracy of the analyses as judged from the results for different absorption bands was 45%. 

Products from Neutron Irradiation,—100 ml. of bromobenzene were irradiated with reproduc- 
ible geometry between the specimen and source. On removal from the source 25 ml. were 
retained for measurement of the total activity, the remainder being extracted; to 50 ml. of this, 
weighed amounts of o-, m-, and p-di- and 1 : 3; 5-tri-bromobenzene were added and the mixture 
was refluxed with 50 ml. of 2n-alcoholic potassium hydroxide for 2hr. The alcohol was distilled 
off and the flask and residue were washed with sodium bromide solution; a trace of bromine was 
added to the aromatic fraction, the purpose of which was to saturate olefinic bromo-compounds 
in which the bromine might be relatively inactive. The bromine was then extracted with 
sulphite solution and the refluxing was resumed after addition of a further 50 ml. of 2n-alcoholic 
potassium hydroxide. The process was then repeated and the aqueous extracts were evaporated 
to a small volume, acidified, and treated with chlorine, the liberated bromine being taken up 
into inactive bromobenzene by successive extraction (aliphatic fraction), The activity of the 
aqueous residues was corrected for that of @K, and also for the differing self-absorption in water 
and in bromobenzene to enable comparison with other fractions (measured in bromobenzene). 
No activity from the aqueous residues could be distilled in steam whether the solution was acid 
or alkaline. High-boiling compounds (e.g., dibutyl phthalate) were added to the residue and 
distilled off; a negligible activity was found in the distillate. A large portion of the activity 
was not water-soluble, and remained in a flocculent precipitate, the nature of which was not 
determined, 

The remaining mixture of the aromatic bromine compounds was distilled and the mono- and 
di-bromobenzenes were measured after dilution with inactive bromobenzene. The 1: 3: 5-tri- 
bromobenzene was not distilled but left as a residue in the flask. 

Formation of Bromophenol,-—Pile-produced “Br was added to bromobenzene which had been 
previously saturated with water. The solution was split into two aliquot parts, one of which 
was left in darkness, the other being left on the Ra~Be source for 3 days. The activity of the 
bromobenzene induced by the neutron source was negligible compared with that of the "Br 
added, The bromobenzene was extracted with an alkaline sodium sulphite solution containing 
a weighed amount of tribromophenol. The latter was recovered by acidification and was 
recrystallised ; it was made up to a standard volume and its activity determined, 


APPENDIX 


Measurement of the “Br retentions is complicated by the formation of inorganic Br from 
the decay of organic ™Br* and vice versa. In order to determine the retentions it is therefore 
necessary to know the fraction of organic ®Br* decaying to inorganic Br (f,) and the fraction 
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of inorganic ™Br* decaying to give organic ™Br (f,). f/, can be determined by extracting bromo- 
benzene, and re-extracting it 4 hr. later, when any “Br produced directly by the (n, y) reaction 
will have decayed to a negligible activity, /, was determined by leaving unextracted bromo- 
benzene for 4 hr., to allow the decay of directly produced “Br, and then extracting the solution, 
Neglecting the activity due to “Br, for which allowance is easily made from measurements taken 
15 hr. later, we have for the activity remaining in the bromobenzene 


{(1 — FN, + faNiPrra/Os re ee a ee 


where N, and N, are the number of organic and inorganic “Br* atoms at the time of extraction 
and i, and ), are the decay constants of ™Br* and “Lir respectively. 
At the time of measurement, ¢ min, after extraction, the activity in the bromobenzene is 


{LfaNi + (1 —f,)N Jem + N (em! ~ eM) ale ay) ee 


The last term of this represents the new “Br activity produced by the decay of ®Br*, 
The extracted bromobenzene was measured 4 hr. later (to re-establish transient equilibrium) 
and N, and (N, + N;) were determined. As /, is known, this enables /, to be calculated from (6). 
Calculation of the retention. If v, is the number of organic Br atoms, produced directly by 
neutron capture, present at the time of removal from the source, and (N,,’ + N;,') are the corre- 
sponding numbers of organic and inorganic “Br* atoms, at the time of extraction ¢, min, later, 
the activity of the extracted fraction is 


Ay = {vy aN! + (Lh =~ LN Dry/raprgenete fai ot (hm Fi) No"}(@ Me's — OMe) Ag / (ng om Aa) 


At the time of measurement (/, min, after the removal from the source) the activity is 


A, = A, exp [—Aglty — 4)) + No'{exp [—Arlts — b)] ~ exp [—Aglty — t)) Paral (As ~ »y) 


N,/ and Nj are determined from the measurements of the extracted (N,’) and unextracted 
(N,’ + Nj‘) bromobenzene made 4 hr, later, /, and /, being known, vy, may be calculated, 

The calculation of the “Br in the unextracted fraction is straightforward, If y is the 
number of inorganic “Br atoms produced directly by neutron capture, the total activity from 
“Br at the time of removal from the source is 


Ay = (vg + wre tb (No’ + Ny)Ag 
At the time of measurement (¢, min, later) 
Ay = Ayers + (Ny! + Ny/)(em is — OAs) g/g — Ay) 


Hence (v, + y) and the retention, v,/(v, + »,), can be calculated. 


u 
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413. The Effect of Solvent on a Simple Ion—Dipole Reaction. Part I. 
I'he Order and Mechanism of the Methyl Iodide—Iodide Ion Exchange 
Reaction in Different Solvents. 


By E. R. Swart and L, J. Le Rovwx. 


The isotopic exchange of radioactive iodine between methy] iodide and 
sodium iodide was studied in water and ethanol over a range of ionic concen- 
trations. A kinetic equation was derived which allows for the hydrolysis 
of methyl iodide in water, 

It was shown that carrier-free isotopes can be used to study the reaction 
at extremely low ionic concentrations. A kinetic equation was found to 
allow for the radioactive decay in these circumstances, 

The reaction was found to be of the second order only, in both solvents. 


ALTHOUGH much work has been done on ion-dipole reactions in solution, a relatively small 
amount has been directed towards the solvent effect. The problem is complicated since 
it is virtually impossible to vary one property of the solvent without causing other properties 
to vary. Moreover, the same reaction may have different mechanisms in different solvents. 
This fact, as well as the incomplete dissociation of electrolytes in solvents of low dielectric 
constants, has frequently been neglected in such investigations. 

We have chosen as simple a reaction as possible, which has the same mechanism in a 
series of pure solvents, namely the exchange of radioactive iodine between methyl iodide 
and sodium iodide: CH,I + *I- =-®CH,*I + I>. This reaction has the advantage 
that it can be followed in a wide range of solvents including water. The formation of 
olefins is excluded; further, the intermediate complex in its critieal state is symmetrical. 

The purpose of this paper is to furnish the exact rate equations for the reaction in 
different solvents and to show that the same mechanism is followed in all the solvents used. 
Part II will deal with the effect of solvent on the rate. 

The above nucleophilic substitution reaction denoted by Sy can proceed according to 
two mechanisms S»2 and Sy} illustrated respectively by the schemes 


(i) RI + *]- we #1 + Ree ee Tem FIR + IH 
giving rise to a second-order reaction and 


(i) Ri =e R* +1 
followed by R* +- *I- =e R*] 
which is of the first order. 
The constant rate of exchange of this reaction is given by equation (1) regardless of 
order or mechanism : 


R = — [abjt(a + b)jIn{1 —xfe(l + b/a)) . . . .. (I) 
where a and b are the total concentrations of the methyl iodide and sodium iodide, re- 
spectively, and x/c is the ratio of the radioactivity in the methyl! iodide to the total radio- 
activity after a time ¢. 

It foliows that for a first-order reaction 
ROR a sb ye 8 eS . & 
and for a second-order reaction 
PY: ds ee sk ee ew 


In a previous paper ' we have shown that if both mechanisms contribute to the overall 
exchange, the rate of the reaction is given by 


bist >. SC Se. @ 
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or if the incomplete dissociation of the salt in the solvent is taken into account, 
R = kya + hiaab 
whence ee ee ee ere a 


The contribution of each mode of exchange can then be evaluated from a plot of 
R/a against ab. 

In general, the more protogenic the solvent used, the greater is the chance that the 
exchange will be of the Syl type. Since water is the most protogenic of the common 
solvents the reaction was first investigated in that solvent. 

The exchange in water is, however, complicated by the fact that the methyl iodide 
is hydrolysed to methyl alcohol and hydrogen iodide, the relevant reactions being : 


CHgl -{- *[- quests CH,*] -f- Er 


hs h | H,O 


CH,OH + H* + I[- CHyOH + H* + *1 


It being assumed that, at a time ¢, x g.-ions of iodine have exchanged, and y moles of 
inactive and z moles of radioactive methyl iodide have been hydrolysed, the initial 
concentrations and those after a time ¢ can be denoted as follows : 


Initial concn, b 
Concn, at time ¢ b—-#4 
or alternatively - b—q 


+ 


where p = (x + y) and q = (¥ — 2), 


The following equation is derived on the assumption that a second-order rate law is 
followed for the exchange reaction, Any first-order contribution can in any case be 
evaluated from equation (4) or (5). 

Since the hydrolysis is a pseudo-first-order reaction and practically irreversible, the 
rate of exchange is given by 


dg/dt = kyla — p)(b—q)—hypg—hg. . . . « « () 


The total rate of hydrolysis of methyl iodide is given by the rate of formation of hydrogen 
ions, or the rate of increase of the iodide ion concentration, and may be written as 


d(p — q)/dt = kfa — (p — q)) 
whence kR=(i/jine/fa—(p—g)]...... 
and p=a(l—e-") +94 


Substitution of this value of ~ in equation (6) yields 
dgq/dt +- ka{a +- b) + kq = hyaber ™ 
which on integration gives 
ky (1/t(a +- by) In [(l—e~)g/b(L 4+ b/a)}. . . . . (8) 


The value of ¢/b is given by the ratio of the activity in the methyl iodide to the total 
activity. If hydrolysis is neglected, k can be equated to zero and equation (8) reduces to 
the simpler equation (3). 

In order to determine the extent of hydrolysis, a series of reactions was carried out in 


' le Roux and Swart, /., 1965, 1475, 
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water at 25° with different sodium iodide concentrations. The hydrogen-ion concentration, 
increase in iodide-ion concentration, and the activity ratio were measured after the reaction 
had proceeded for a time t, with results recorded in Table 1. These values indicate 
a tendency for k to decrease with decreasing iodide-ion concentration. The magnitude of 


TABLE 1. Hydrolysis of methyl iodide in water at 25°. 
q) ii 
l0’'a 10% m Mean 
2676 O80 ‘ = 1-20 
2806 980 , ‘ 1-15 
2-806 7-85 , z 1-10 
2676 3-04 c ' 1-10 


the hydrolysis correction, however, did not warrant a more exact analysis, the mean value 
of k being sufficiently accurate for calculation of k, from equation (8). It may be noted 
that the mean value of & is about the same as that found by Moelwyn-Hughes? for the 
hydrolysis of methyl iodide in pure water. 

The values of k, caleulated from the experimental results are shown in Table 2. For 
comparison the values calculated from equation (3), 1.¢., with neglect of hydrolysis, are 
included. In order to test whether the ionization mechanism contributes to the exchange, 
values of R/a were calculated and are tabulated in the last column of Table 2. 

The values of k, calculated from the second-order rate equation are constant and the 
plot of R/a against b gives a straight line through the origin. The reaction is therefore 
of the second kinetic order with no perceptible first-order contribution. 


Taw_e 2. Rate constants of the exchange reaction in water at 25°. 

10k, 10*k, 10k, 10*k, 

from from from from 
10%a 10% eqn, (8) eqn. (3) lO*R/a 10%a 10°) eqn. (8) eqn. (3) 10*R/a 
2-406 1-05 4°97 4-04 0-97 2-806 785 4°72 
2-676 1-05 4-60 4-56 0-90 2-676 7°85 4°90 
2-676 304 5-03 4-08 1-98 2-676 9-80 4-79 
3-210 4°75 4°85 4-82 2-30 2-676 9-80 4°86 4°82 
2-880 7:15 441 4-88 3-51 nd 

Mean 4°85-+4.0-03 


The value of ky calculated by the method of least squares from equation (4) is 4-84 « 10° 
1, mole, 

lor the above experiments the difference between the corrected and the uncorrected 
values of ky is about 1%, which is negligible. The hydrolysis correction is, however, 
proportional to an exponential function of t, thus increasing rapidly with increasing duration 
of the reaction. Further, the activation energy of the hydrolysis is much larger than that 
of the exchange, so that the effect of hydrolysis at higher temperatures may be considerable 
and must be taken into account for reactions at temperatures higher than 25°. Since the 
reaction in water does not show any evidence of the ionisation mechanism, it is reasonably 
safe to assume that it is purely of the second order in all less protogenic solvents. 

In the other solvents used the sodium iodide is only partially ionised. It was therefore 
necessary to calculate the specific rate from the equation 


eT eee ae 


This necessitates the calculation of the degree of dissociation « of the sodium iodide in all 
those solvents. This can be done for those solvents for which conductivity data are 
available, as with ethanol. The assumption that the exchange is free from the ionisation 
mechanism in solvents less protogenic than water was therefore checked by carrying out 
a series of reactions in ethanol at 25°. The method used to calculate the degrees of 


* Moelwyn-Hughes, Proc. Roy. Soc, 1938, A, 164, 296. 
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dissociation of sodium iodide in ethanol is similar to that previously described.* The 
conductivity data employed are those of Goldschmidt and Dahli* and of Thomas and 
Marum.* ‘The value of Ag was found to be 47-6 ohm™ cm.* at 25° and the corresponding 
value of the dissociation constant K was 2-52 x 10°*. All the values of « used in the 
calculation of the kinetic data at 25° were calculated from this value of K. 

The kinetic data for the exchange in ethanol at 25° are summarised in Table 3, the 
concentration of the methyl iodide used being 0-0105n. 

It is seen from Table 8 that the values of 4; calculated from equation (9) are constant. 
Moreover, the plot of R/a against ab gives a straight line through the origin. This proves 
that the reaction in ethanol is of the second kinetic order only. The calculated value of 
k; is 2:10 « 101. mole sec.~). 


TABLE 3. Rate constants of the exchange reaction in ethanol at 25°, 
« 10%, 10° a 1Gtab = «10%, LOR aw 
0-957 , 2-27 , 7-85 0-007 7120 2-00 14-9 
0-957 ° 2-28 , 7°85 0-907 7-120 2-16 14-6 
0-932 , 2-05 : 9-615 0-899 8-644 2-07 17-9 
0-917 : 2-16 . 9615 0-899 8644 214 18:5 
6-00 0-917 , 2-13 , Mean 2:15-4-0-02 


In order to avoid the necessity of calculating dissociation constants for sodium iodide 
at a series of temperatures in solvents other than water, the possibility of using extremely 
low ionic concentrations was investigated. When the ionic concentrations are negligible 
in comparison with those of the methyl iodide, it is permissible to put « = 1 and b = 0 
relative to a in equation (9), which may then be written as 


he = Riab = —(I/at) In(l—x/b) . . 2. 2. (10) 


where the value of x/b is given by the ratio of the activity in the methyl iodide to the total 
activity at the time ¢. 

Such conditions can be realised by using carrier-free sodium iodide. It will then be 
necessary to account for the decay of the radioactive iodine, which continuously reduces 
the concentration of the radioactive iodide, thus producing an apparent retardation in the 
rate of the reaction. 

The second-order rate equation is derived on the assumption that after a time ¢ the 
concentrations of the iodide ion and the radioactive methyl iodide are (b — x)e~* and 
xe~* respectively. The rate of the reaction is then given by 


dx/dt = ka(a — x) (b — x)e~* — hyx*e~* 
By integrating this equation and neglecting } relative to a, we have for the specific rate 
ke = —[(afa)(l—e-*)])In(lI—-x*/b). . .. . . (ER) 


If x4 is very small, the expression | — e~* can be replaced by 24 and equation (11) reduces 
to equation (10). In the case of #1, 4 = 1002 x 10° sec.; hence for all reaction 
periods less than 19 hr. (one-tenth of the half-life) the simpler equation (10) may be used 
to calculate hg. 

In order to test the applicability of equation (11) it is necessary to compare reactions 
carried out with carrier-free iodide, with reactions employing finite sodium iodide concen- 
trations. At the same time a reaction must be chosen such that it does not proceed too 
far within 19 hr., in order that the exchange may be followed for various periods exceeding 
that time. A case in point is the exchange reaction in water at 0°. The experimental 
results, with finite concentrations, are summarised in Table 4, Hydrolysis under these 
conditions is negligibly small, so k, was calculated according to equation (3). 


® Goldschmidt and Dahll, Z. i: Chem., 1924, 114, 1. 


* Thomas and Marum, ibid., 1929, A, 143, 191. 
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The experimental results, with carrier-free iodine, are recorded in Table 5. The values 
of k, calculated by both equations (10) and (11) are given. 

The values of k, calculated from equation (10) show a continuous decrease, but those 
from equation (11) give a constant value, which compares favourably with that obtained 
by using finite ionic concentrations. Most reactions in solvents other than water are 
complete in less than 19 hr., however, under which condition equation (10) is applicable. 


TaBLe 4, Rate constants of the exchange reaction in water at 0°. 
3-266 2-886 
4-76 716 
3°03 4-21 Mean 3:17 + 0-05 


Taste 5. Rate constants of the exchange reaction in water at 0° with carnier-free 
iodide ions, 
Time (sec. ) 167,300 319,680 339,300 426,600 604,440 778,200 
10*k, (eqn. 10) 313 2-62 2-62 2-50 2-51 2-35 
10%, (eqn. 11) 3-40 3-05 3°10 3-08 3°34 3-38 
Mean 3°25 }-0-04 


A further check on the validity of equation (10) was therefore made by carrying out 
reactions at 25° with carrier-free iodide, and ethanol as solvent. The values of k, found 
for two such reactions were 2-21 x 10° and 2-22 x 10%, in good agreement with the 
values found for finite ionic concentrations. 


EXPERIMENTAL 


Radioactive Iodine and Sodium lodide.-—Radioactive ™'] was obtained from Harwell in the 
form of carrier-free sodium iodide solution. After filtration and evaporation to dryness, the 
iodide was dissolved directly in the appropriate solvent and kept in a well-stoppered bottle 
as stock solution, 

Inactive sodium iodide was prepared from “ AnalaRk’’ hydriodic acid and Merck's pro 
analysi grade sodium carbonate, and was purified by successive recrystallisations from ethanol. 

Methyl Iodide,--This was obtained by distilling Merck’s purest product over silver foil 
through a 20” fractionating column with a theoretical plate factor of about 28 plates. Only 
the middle fraction was retained for use; nf 1-5299. 

Solvents.-The conductivity water used had a specific conductivity of 1 x 10 ohm™ cny.~'. 
Dry ethanol (w% 1-3610, d? 0-7893) was prepared by refluxing absolute alcohol over magnesium 
ethoxide and distilling it through the fractionating column described above. 

Standavd Solutions and Methods of Analyses.—All solutions were made up at 25°, which 
was taken as the reference temperature, and concentrations at the reaction temperatures were 
corrected for by using the expressions for the volume expansion of the pure solvents concerned. 

The methyl] iodide concentration, in aqueous solutions, was determined gravimetrically by 
precipitation as silver iodide. For ethanol solutions it was determined by hydrolysis, followed 
by titration with standard silver nitrate solution with eosin as indicator. The sodium iodide 
concentration was determined by titration with standard silver nitrate solution, The extent 
of hydrolysis of methyl iodide in water was determined by titrating the aqueous layer after the 
methyl iodide was extracted with benzene, The total acid was determined by titration against 
standard sodium hydroxide solution, bromothymol-blue being used as indicator. A blank 
titration was done on an equal volume of distilled water. The titrated solution was then 
evanorated down to a volume of 20 ml, and titrated with standard silver nitrate solution in 
order to determine the increase in iodide-ion concentration, 

Kinetic Procedure.—The reactions were carried out on similar lines to those previously 
described. The correction factors necessary to give the true activity ratio were found to be 
0-849 for water and 1-129 for ethanol, 


Grateful acknowledgment is made to the Council for Scientific and Industrial Research of 
South Africa for a grant, One of us (E. R.§.) is indebted to African Explosives and Chemical 
Industries for a research studentship. 


DEPARTMENT OF PuysicaAL CHEMISTRY, 
University or Prerorta, Soura Arrica, Received, November 25th, 1955.) 


{1956} Courtney and Gascoigne. 2115 


414. Triterpenes of the Friedelane Series. Part I, Ketones, 


By J. L. Courtnry and R. M. GascoiGnr. 


The bark of Siphonodon australe Benth, contains a mixture of over a dozen 
triterpenes of the friedelane series. The ketonic fraction of this mixture con- 
sists of friedelin, two diketones, and a triketone. These new ketones have 
been related to friedelin (friedelan-3-one) and to each other and are named 
friedelane-3 : x-dione, friedelane-3 : y-dione, and friedelane-3 : x : y-trione. 

The hindrance of the #-oxo-group is comparable to that of the 11-oxo- 
group in steroids, and the y-oxo-group is even more hindered. 


As part of an extensive investigation of alkaloids of the Australian flora Dr. J. R. Cannon, 
(the late) Dr. G, K. Hughes, and Dr. E, Ritchie of the University of Sydney examined the 
bark of the tree Siphonodon australe Benth. From it they isolated dulcitol and a crystal- 
line mixture of neutral triterpenes which they very kindly passed on to us. The mixture 
contains over a dozen triterpenes of the friedelane series; it can be divided into three main 
fractions containing respectively ketones, monohydroxy-ketones, and polyhydroxy-com- 
pounds. This paper describes the ketonic constituents and the following paper the mono- 
hydroxy-ketones. The polyhydroxy-compounds will be dealt with later. 

The ketonic fraction consists of friedelin (ca. 0-2°, of the whole mixture), two diketones 
(ca. 15% and 1%), and a triketone (ca. 10%). None of the last compounds has the proper- 
ties of an a- or $-diketone. The structure and configuration of friedelin (friedelan-3-one) 
have recently been elucidated. We assign the name friedelane-3 : x-dione to one of the 
diketones on the following grounds. When reduced by the Clemmensen method it yielded 
friedelane and a new ketone friedelan-x-one. Reduction by sodium borohydride afforded 
two epimeric hydroxy-ketones,* one of which, when reduced by the Wolff-Kishner method 
with anhydrous hydrazine, yielded epifriedelinol (friedelan-36-ol). It follows that the two 
epimeric hydroxy-ketones are 3a- and 36-hydroxyfriedelan-x-one and that the diketone 
contains a 3-carbonyl group. 

Friedelan-x-one was formed also on reduction of friedelane-3 : x-dione by the Huang- 
Minlon modification of the Wolff-Kishner reduction, with 85°, hydrazine hydrate, In 
this case, however, no friedelane was obtained. The x-oxo-group is considerably hindered : 
thus friedelan-x-one does not react with semicarbazide or 2: 4-dinitrophenylhydrazine. 
Friedelane-3 : x-dione yields a monosemicarbazone which must be formed by the 3-oxo- 
group. The reduction experiments described above indicate that the hindrance of the 
x-oxo-group is comparable to that of the 1l-oxo-group in steroids. Thus it is not reduced 
by sodium borohydride (at ordinary temperature) or by the Huang-Minlon procedure 
(with aqueous hydrazine); these methods do not reduce 11-oxo-steroids.** On the other 
hand it is reduced by the Clemmensen method (with heavily amalgamated zinc) and by the 
Wolff-Kishner method (with anhydrous hydrazine), both of which also reduce 11-oxo- 
steroids," ® 

The triketone is friedelane-3; x: y-trione. It formed a monosemicarbazone and so 
contains two unreactive carbonyl groups, The reactive carbonyl group was identified as 
the 3-oxo-group in the following way. The group was protected by formation of the 
ethylene ketal (by the transfer procedure *) which was then reduced by the Wolff-Kishner 
method (anhydrous hydrazine). Removal of the protecting group and chromatography 
of the product yielded friedelin accompanied by a small amount of friedelane and a 

* Evidence that these two compounds are epimers is provided by their molecular rotation differences 
(given in the following paper) and their infrared absorption. 


! Corey and Ursprung, J. Amer. Chem. Soc., 1955, 77, 3667, 3668; Brownlie, Spring, Stevenson, 
and Strachan, Chem. and Ind., 1956, 686, 1156; Ourisson and Takahashi, ibid., p. 1155; Bather, Jeger, 
and Ruzicka, Helv. Chim. Acta, 19556, 38, 1268. 

* Cf, Soloway, Deutsch, and Gallagher, J. Amer. Chem. Soc., 1953, 76, 2356, 

* Huang-Minlon, tbid., 1949, 71, 3301. 

* Steiger and Reichstein, Helv. Chim, Acta, 1938, 21, 161 

* Moffett and Hunter, J. Amer, Chem. Soc., 1951, 78, 1974; Barton, Ives, and Thomas, J., 1955, 
2056. 

* Dauben, Léken, and Ringold, J. Amer. Chem. Soc., 1954, 76, 1469 
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hydroxy-ketone which is discussed below. Proof of the presence of the x-oxo-group is 
given in the foliowing paper. 

Clemmensen reduction of the triketone under vigorous conditions (heavily amalgamated 
zinc) yielded a new ketone, friedelan-y-one, and a new diketone, friedelane-x : y-dione; no 
friedelane was obtained, It is evident from this result that the y-oxo-group is even more 
hindered than the x-oxo-group. Probably as a consequence of this marked hindrance, the 
y-oxo-group is partially converted into a hydroxyl group in the conditions of the Wolff 
Kishner reduction with anhydrous hydrazine. Thus, when friedelane-3 : x : y-trione was 
reduced by this method it yielded friedelane and an alcohol which was shown to be friedelan- 
y-ol by oxidation to friedelan-y-one. Similarly the hydroxy-ketone obtained along with 
friedelin from the reduction of the ethylene ketal of friedelane-3 : x : y-trione is y-hydroxy- 
iriedelan-3-one, 

The second diketone is friedelane-3 ; y-dione. It formed a monosemicarbazone and on 
reduction by the Huang-Minlon procedure yielded friedelan-y-one. Proof of the presence 
of the 3-oxo-group is provided by the oxidation of y-hydroxyfriedelan-3-one which yielded 
the diketone. 

The relations summarised in the names assigned to the several ketones described are 
substantiated by their infrared absorption, which will be discussed in a later paper, and by 
the molecular-rotation contributions of the carbonyl groups (Table). 


Molecular rotation contributions of carbonyl groups. 
{M)p with [M)\p without 
CO group CO group 
3-Oxo-group 
Vriedelan-3-one : + 91° 
Friedelane-3 : #-GiOne .......ccccceversecceceesesees : +647 
Friedelane-3 : # : y-trione +453 
Friedelane-3 ; y-dione K 145 
x-Oxo-group 
lriedelan-x-one +647 +91 
Friedelane-3 ; £-GiONE o.....ccrerecerneeeeereereenes + 506 — 04 
Vriedelane-3 : * : y-trione +327 —273 
Priedelane-# | Y-iONE 4.......00ceevecee sensveveres +453 ~~ 146 
y-Oxo-group 
Kriedelan-y-one - +91 
Friedelane-3 ; y-dione 273 —94 
Vriedelane-3 ; ¥ : y-trione k + 606 
Friedelane-# ; y-Gione ......eccecereccseerereeeesees - d +647 


The value of the specific rotation of friedelane observed in this investigation was that 
found by Bruun ? and not the higher value recorded in the earlier literature. 


EXPERIMENTAL 

Analyses by Dr. E, Challen and Mr. D, Weedon, and infrared spectra by Mr. I. Reece. 

Specific rotations were measured in CHC, solution and, unless otherwise stated, in a 1 dm. 
tube. The m. p. of many of the compounds described was dependent on rate of heating, so 
the capillary tube was always placed in the apparatus at ca. 30° below the m. p. Identity of 
specimens was established by comparison of their infrared spectra. Alumina for chromato- 
graphy had activity IJ, and the light petroleum had b. p. 40-60”. 

Oxidation of hydroxyl] to keto-groups was carried out with the chromium trioxide-pyridine 
reagent * as follows; a 5—-10%, solution of the compound to be oxidised, in dry pyridine, was 
added to an equal weight of chromium trioxide in pyridine (10% solution; prepared by slowly 
adding the chromium triexide to the pyridine with cooling *). The mixture was occasionally 
shaken and left overnight. It was then diluted with benzene and filtered; the solid material 
was extracted twice with boiling benzene. The benzene filtrate and extracts were combined 
and washed with water, then with 6n-hydrochloric acid until the pyridine was removed, and 
then with sodium hydrogen sulphite solution. Evaporation of the benzene yielded the product, 
generally in almost quantitative yield. 

" Bruun, Acta Chem. Scand., 1964, 8, 76 

* Poos, Arth, Beyler, and Sarett, J. Amer. Chem. Soc., 1953, 75, 422; Herzog, Payne, Tully, and 
Hershberg, tbid., p. 6751. 
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Isolation of the Triterpene Mixture from Siphonodon australe (with Mr. A. Z. Szumer),—The 
air-dried, finely milled bark (55 kg.) was extracted by percolation with chloroform, and the ex- 
tract, after removal of chloroform, was dissolved in hot alcohol (12 1.) and left for several days, 
Amorphous material which was deposited was filtered off and extracted twice with hot alcohol ; 
the extracts were added to the alcoholic filtrate. 

The amorphous material was extracted with hot n-sodium hydroxide (the extract yielded 
black acidic material which was discarded) and then with hot benzene which extracted crystal- 
line triterpenes (79 g.). The undissolved material consisted of a mixture of sodium salts (70 g.) 
insoluble in sodium hydroxide solution. 

The alcoholic filtrate on concentration yielded a mixture of triterpenes (339 g.) which was 
recrystallised from alcohol, Removal of alcohol from the concentrated filtrate with steam left 
a resin which was dissolved in benzene (10 1.). The benzene solution was extracted with 
2n-sodium hydroxide [acidification of the extract yielded resin (764 g.)} and then filtered through 
a column of alumina (2 kg.); the filtrate contained a clear gum (214¢.). Elution of the column 
with benzene and then with chloroform—benzene gave a series of fractions from which crystalline 
triterpene material (39 g.) was obtained by treatment with light petroleum (lower fractions) and 
ethyl acetate (higher fractions). 

The combined triterpene mixture (457 g.) had selective ultraviolet absorption only in the 
285 my region (E}%, 3). 

Chromatography of the Triterpene Mixture.-The mixture (140 g.) was dissolved in benzene 
(3 1.) and adsorbed on a column of alumina (4:1 kg.; 5 x 233 cm.). The column was eluted 
with benzene, then with increasing concentrations of chloroform in benzene, and finally with 
chloroform to give 58 fractions, each of ca.2g. All the fractions except the first were crystalline 
and had the following specific rotations (¢c 2 to 3) : 

Fraction [a|p Fraction [alp Fraction | Fraction {a]p 
+ 55° 2 t +-12° 
+97 2- d . 4+ 42-19 
+105 : +38 
+ 110—113 3 - 3f +26 * 
; : ~—* 
57 412 
58 18 


* ¢ 0-6, 2 dm. tube 


Each fraction (except 2—4, 5—15, and 22-28) was examined separately, initially by re- 
crystallisation from alcohol, 

Friedelin.—Fractions 2—4 were combined, dissolved in 4: 1 light petroleam—benzene, and 
chromatographed over alumina (200 g.). ‘The first fraction (0-9 g.) had [a], —9° and after 
three recrystallisations from alcohol-benzene yiclded friedelin (0-28 g.), m. p. 261-264", {a}, 
—21° (c 2-5) (Found: C, 84-3; H, 11-7, Cale. for CyHyO: C, 844; H, 118%), The pro- 
duct was identical with an authentic specimen (infrared spectra), Corks were not used in the 
extraction or the separation of the triterpene mixture. 

Friedelane-3 : x-dione.—Fractions 5—15 were combined and recrystallised from alcohol, 
yielding friedelane-3 : x-dione in needles, m. p, 248-260", [a)y + 116° (¢ 2-6) (Found: C, 82-1; 
H, 10-7. CygH,,O, requires C, 81-8; H, 110%). An additional amount was obtained from 
fractions 2—4 and 16—17 by chromatography (total, 22-5 g.). The monosemicarbazone formed 
prisms (from alcohol), m. p. 247° (decomp.) (Found : C, 74-2, 74:2; H, 10:5, 10-4; N, 83, 6-5. 
Cy,H,,0,N,,4C,H OH requires C, 74-4; H, 10-4; N, 83%). 

Friedelane-3 : y-dione.-—By virtue of its low solubility in alcohol, friedelane-3 ; y-dione was 
isolated from fractions 16 and 17. An additional amount was obtained from fractions 18-—21 
by chromatography (total, 1-6 g.). It crystallised from aleohol-benzene in laths, m. p. 305 
309°, [a], —62° (¢ 2-3) (Found; C, 81-5; H, 10-9%,). The monosemicarbazone formed plates 
(from alcohol-chloroform), m. p. 331° (decomp.) (Found: C, 74-8; H, 10-4; N,8-6. C,,H,,O,N, 
requires C, 74-8; H, 103; N, 84%). 

Friedelane-3 : x : y-trione,—Fractions 22—28 were combined and recrystallised from alcohol, 
yielding friedelane-3 : x : y-trione in needles or plates, m. p, 300--303°, [a] + 72° (¢ 2-4) (Found : 
C, 79-4; H, 10-2. Cy oHyO, requires C, 79-2; H, 10:2%). An additional amount was ob- 
tained from fractions 18—-21 and 29-—-35 by chromatography (total, 13-8 g.). The monosemi- 
carbazone formed needles (from alcohol), m. p. 320° (decomp.) (Found: C, 72-8; H, 96; N, 8-3, 
Cy, H yO N, requires C, 72-8; H, 9-65; N, 82%). 

Clemmensen Reduction of Friedelane-3 : x-dione.—-A hot solution of friedelane-3 : #-dione 

4B 
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(2 g.) in dioxan (600 ml.) was diluted with 10n-hydrochloric acid (200 ml.) and added to amal- 
gamated zine (prepared by leaving zinc needles (80 g.) in a solution of mercuric chloride (80 g.) 
in 60%, aqueous alcohol (600 ml.) for 15 min.], The mixture was heated on the steam-bath for 
5 hr. and then cooled, whereupon the product separated out. Filtration of a solution of the 
product in 3:1 light petroleum~benzene through alumina (60 g.) yielded friedelane (0-2 g.), 
plates (from aleohol~benzene), m. p. 243-—245°, (a), +-22° (c 0-7; 2dm. tube) (Found : C, 87-05; 
H, 12-5. Cale. for CygHy,: ©, 87-3; H, 12-7%). Its identity was established by comparison 
(mixed m. p. and infrared spectra) with an authentic specimen. 

Elution of the column with 3:1 light petroleum—benzene yielded friedelan-x-one (1-1 g.), 
needles (from alcohol), m, p. 241-243", [a], 4+- 162° (c 2-1) (Found : C, 84-4; H, 11-95. C,,H,,O 
requires C, 84-4; H, 118%). 

Huang-Minlon Reduction of Friedelane-3: x-dione.—A solution of friedelane-3 : x-dione 
(5 g.), potassium hydroxide (4-5 g.), and hydrazine hydrate (7 ml. of 85%,) in diethylene glycol 
(32 ml.) was refluxed for 14 hr. Hydrazine hydrate was then removed by distillation and the 
mixture was kept at 200° for 5 hr.; it was then cooled and acidified. The product, isolated 
with chloroform, was extracted with light petroleum which left high-melting nitrogen-containing 
material, The light petroleum extract was filtered through alumina (200 g.) which was eluted 
with 1:1 light petroleum—benzene, yielding friedelan-x-one (1:3 g.), m. p. 241—243°, [a], 
+ 162° (¢ 2-2), 

Reduction of Friedelane-3 : x-dione with Sodium Bovohydride.—-A solution of friedelane-3 : ¥- 
dione (2-0 g.) in pyridine (100 ml.) was added to a solution of sodium borohydride (0-55 g.) in 
methyl! alcohol (50 ml.) containing N-sodium hydroxide (0-25 ml.). The solution was left for 
24 hr, and then acidified with 5n-hydrochloric acid (400 ml,), The product, isolated with chloro- 
form, was dissolved in benzene and chromatographed over alumina (100 g.). Elution with ben- 
zene gave eight fractions (each ca. 0-25 g.). Fraction 1 was starting material, Fraction 3 was 
recrystallised from alcohol, yielding 36-hydroxyfriedelan-x-one, prisms, m. p. 288—-291°, [a], 
| 169° (¢ 1-0) (Found: C, 81-6; H, 11-1. Cy gH, O, requires C, 81-4; H, 11-4%). The acetate 
formed plates (from alcohol), m, p. 271—273°, [a], + 158° (c 0-5; 2dm., tube) (Found: C, 79-35; 
H, 108. CygH gO, requires C, 79-3; H, 10-8%). 

Fractions 4——6 consisted of mixtures which could not be separated, Fraction 7 was re- 
crystallised from alcohol, yielding 3a-hydroxyfriedelan-x-one, plates, m. p, 307-—311°, [a], 

+ 145° (c 1-0) (Found: C, 81-3; H, 112%). The acetate formed plates (from alcohol), m. p. 
305-—307°, [aly 4+114° (c 0-7; 2 dm. tube) (Found: C, 79-3; H, 10-7). 

When the reduction was repeated on a larger scale a 53%, yield of the 36{axial)-epimer was 
isolated 

Wolff-Kishner Reduction of 38-Hydvroxyfriedelan-x-one,-A mixture of 36-hydroxyfriedelan- 
v-one (1-0 g.), anhydrous hydrazine (6-5 ml.), and a solution of sodium (2-5 g.) in methyl 
alcohol (30 ml.) was heated at 200° for 16 hr, The product, isolated with chloroform after the 
mixture had been acidified, was dissolved in 3: 1 light petroleum—benzene and filtered through 
alumina (60 g.). The filtrate contained friedelane (0-20 g.), m. p, 244—~-246°, [a], +4-22° (¢ 1-2). 
lution with 3:1 light petroleum—benzene yielded epifriedelinol (0-35 g.), plates (from much 
alcohol), m, p, 281-—283°, [a], +-21° (¢ 1-1) (Found: C, 842; H, 12-1. Calc. for C,,H,,0 : 
C, 84-0; H, 122%). Its infrared spectrum was identical with that of an authentic specimen. 
Ihe acetate formed plates (from alcohol-benzene), m. p, 200-—-293°, [a], +-33° (¢ 1-1) (Found : 
C, $13; H, 116. Cale. for C,,H,,O,: C, 81-6; H, 116%). 

Conversion of Friedelane-3 : x : y-trione into Friedelin and Friedelane-3 : y-dione.—A solution 
of friedelane-3: # : y-trione (2-95 g.) in 2-ethyl-2-methyl-1 : 3-dioxolan * (60 ml.) containing 
toluene-p-sulphonic acid (45 mg.) was refluxed for 7 hr. The product, obtained by filtering 
the cooled reaction mixture, was recrystallised from benzene, yielding the ethylene ketal, prisms, 
m. p. 342—346°, [a], +76? (c 1-2) (Found: C, 77-3; H, 10-3. CygH,O, requires C, 77-1; 
H, 101%), It had strong infrared peaks at 1092, 1077, and 1067 cm.“ (Nujol mull; cf. Page, 
]., 1965, 2017). 

A mixture of the ketal (1-3 g.), anhydrous hydrazine (8-5 ml.), and a solution of sodium 
(3-2 g.) in methyl alcohol (50 ml.) was heated at 200° for 16 hr. The product, isolated from the 
acidified mixture with chloroform, was dissolved in acetone (400 ml.) containing toluene-p- 
sulphonic acid (75 mg.), and the solution was refluxed for 14 hr., to remove the ketal group. 
The product, isolated by pouring the concentrated solution into water, was dissolved in 2: 1 
light petroleum—benzene and filtered through alumina (100g.). The filtrate contained friedelane 
(30 mg.), m. p. 245-—-247°, [a]y) +21° (c 0-3; 2dm. tube). Elution with benzene gave friedelin 
(80 mg.), m, p. 261-—-264°, (a],, —265° (c 0-8) (Found: C, 843; H, 11-65%). 
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Elution with 20% chloroform in benzene yielded y-hydroxyfriedelan-3-one (450 mg.), laths 
(from alcohol), m. p. 301—305°, [a], —20° (c 0-7; 2 dm. tube) (Found: C, 81-4; H, 113%). 
The acetate formed needles (from aqueous alcohol), m. p. 175-—176°, [a)) —25° (¢ 1-2) (Found ; 
C, 791; H, 10°7%). 

Oxidation of y-hydroxyfriedelan-3-one with chromium trioxide in pyridine yielded friedelane- 
3: y-dione, m, p. 306—310°, [a], —60° (c 0-8). 

Clemmensen Reduction of Friedelane-3 : x : y-trione.-Friedelane-3 : x: y-trione (2 g.) was 
reduced in the same way as friedelane-3 : x-dione, and the product was chromatographed over 
alumina (100 g.). Elution with 3:1 light petroleum—benzene yielded friedelan-y-one (0-2 g.), 
prisms (from alcohol~benzene), m, p. 287—290°, [a], — 34° (c 1-6) (Found: C, 847; H, 120%). 
Elution with 2: 1 light petroleum—benzene yielded friedelane-x : y-dione, plates (from alcohol-- 
benzene), m. p. 302—305°, [a], +-103° (c 1-6) (Found: C, 81-7; H, 11-0%), 

Wolff—Kishner Reduction of Friedelane-3 : x : y-trione.Friedelane-3 ; x ; y-trione (1-64 g.) 
was reduced in the same way as 3$-hydroxyfriedelan-x-one, and the product was dissolved in 
2:1 light petroleam—benzene and filtered through alumina (100 g.), The filtrate contained 
friedelane (0-61 g.), m. p. 245—247°, [a], +22° (c 1-0). Elution with 1: 1 light petroleum—' 
benzene yielded friedelan-y-ol (0-67 g.), plates (from alcohol), m, p, 223--226°, [a], -+-20° 
(c 1-8) [Found (after vacuum-sublimation): C, 843; H, 12:2, CygH,,O requires C, 84-0; 
H, 122%]. The acetate formed prisms (from aqueous alcohol), m. p. 143--145°, [a], -+-13° 
(c 1-0) (Found; C, 81-6; H, 11-5. C,y,H,,O, requires C, 81-6; H, 116%). 

Oxidation of friedelan-y-ol with chromium trioxide in pyridine yielded friedelan-y-one, 
m., p. 290-—292°, [a], —30° (c 1-0), 

Huang-Minlon Reduction of Friedelane-3 ; y-dione.-Friedelane-3 ; y-dione (0-5 g.) was re- 
duced in the same way as friedelane-3 ; x-dione, and the product was chromatographed over 
alumina (50 g.). Elution with 2: 1 light petroleum-benzene yielded friedelan-y-one (0-35 g.), 
m, p. 286—290°, [a], —32° (c 1-0). 


We are indebted to Mr. L. J. Webb and Mr, J, G, Tracey, Division of Plant Industry, 
C.S,1.R.O., and to the Forester at Imbil, Queensland, for supplies of Siphonodon australe bark. 


OrGanic Curemistry Dept., 
N.S.W. University oF Tecuno.ocy, Sypney. [ Received, Decembey 28th, 1955.) 


415. T'riterpenes of the Friedelane Series. Part I1.* 
Hydroxy-ketones and Alcohols, 


By J. L. Courtney, R. M. Gascoionr, and A. Z. SzuMER. 


Three hydroxy-ketones and two hydroxy-diketones have been isolated 
from the triterpene mixture from Siphonodon australe Benth, These com- 
pounds have been related to the ketones described in Part I and, where pos- 
sible, configurations have been assigned to the hydroxyl groups. The fivecom- 
pounds can consequently be named {eq]- and *{ax)-hydroxyfriedelan-3-one, 
y-hydroxyfriedelan-3-one, x{eq]-hydroxyfriedelane-3; y-dione, and y-hydroxy- 
friedelane-3 ; x-dione. 

Reduction of friedelan-x-one by two different methods gives two epimeric 
alcohols, but reduction of friedelan-y-one by the same two methods gives only 
one alcohol. 

Molecular-rotation differences observed with these compounds support the 
absolute configuration assigned to friedelane.t This configuration is a partial 
‘ skeletal enantiomorph "’ of the 5a-steroids and the usual triterpenes; con- 
sequently reduction of 3-oxo-derivatives with sodium borohydride yields 
mainly axial (36-)alecohols, 


Turee hydroxy-ketones and two hydroxy-diketones have been isolated from the triterpene 
mixture from Siphonodon australe Benth. and, as described in the sequel, have been related 


* Part I, preceding paper. 

1 (a) ¢ anny and Ursprung, J. Amer. Chem. Soc., 1955, 77, 3667, 3668; ‘{b) Brownlie, Spring, Steven- 
son, and Strachan, Chem. and Ind., 1955, 686, 1156; (c) Ourisson and Takahashi, ibid, p. 1155; (d) 
Dutler, Jeger, and Ruzicka, Helv. Chim. Acta, 1955, 38, 1268 
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to the ketones discussed in Part I.* It may be of biological significance that the nine 
friedelane derivatives so far isolated from this source all contain the 3-oxo-group. 

To provide reference compounds for this investigation friedelan-x-one and friedelan-y- 
one were reduced with sodium and pentyl alcohol and also with lithium aluminium hydride. 
Friedelan-x-one yielded two diffcrent alcohols, one by each method. The alcohol obtained 
by reduction with sodium and pentyl! alcohol must, from its method of preparation, be the 
more stable of the two epimers and can consequently be assumed to have the equatorial 
configuration, It is therefore friedelan-x{eq]-ol, and the alcohol obtained by reduction 
with lithium aluminium hydride is friedelan-x[ax}-ol. (It should be noted, however, that 
in some special cases the more stable of a pair of epimers has the axial configuration; see 
below.) In the case of friedelan-y-one by contrast, both methods of reduction gave the 
same alcohol, friedelan-y-ol. Such a result, with a hindered ketone, is unusual but an 
analogy is provided in the reduction of the very hindered 18a-oleanan-19-one which yielded 
18a-oleanan-196/ax)-ol by both methods of reduction;* in this case the axial epimer is 
more stable than the equatorial epimer.2 Consequently we do not yet assign any configur- 
ation to friedelan-y-ol; it happens that it is not necessary to do so for present purposes. 

Friedelan-x-one, friedelan-y-one, and evidently also 18«-oleanan-19-one were readily 
reduced by sodium and pentyl alcohol in spite of their very hindered nature. 11-Oxo- 
steroids are also reduced by sodium and alcohols * and it appears that this method of re- 
duction is not appreciably affected by steric hindrance. As is well known, the stereo- 
chemical course of the reduction is determined by thermodynamic rather than by kinetic 
factors, 

Of the three hydroxy-ketones isolated from Siphonodon australe one is identical with 
y-hydroxyfriedelan-3-one, described in Part I,‘ whilst the other two on oxidation yielded 
friedelane-8 : x-dione. Since these two compounds are not identical with the epimeric 
3-hydroxyfriedelan-x-ones described in Part I they must be the epimeric x-hydroxy- 
friedelan-3-ones. Both formed semicarbazones thus confirming the presence of the re- 
active 3-oxo-group, To complete the identification of these compounds it was necessary 
to determine which of them was the equatorial and which the axial epimer. Accordingly 
one of them was reduced by the Huang-Minlon procedure; it yielded friedelan-x{ax|}-ol 
and consequently must be x{ax}-hydroxyfriedelan-3-one. The possibility of epimerisation 
during the reduction is eliminated since the product was the less stable of the epimeric 
friedelan-x-ols. 

The two hydroxy-diketones on oxidation gave friedelane-3 : x : y-trione and both formed 
semicarbazones, indicating the presence of the 3-oxo-group. One of them, when reduced 
by the Wolff-Kishner method (anhydrous hydrazine), yielded friedelan-x[eq]-ol and is 
therefore x[eq}-hydroxyfriedelane-3 ; y-dione. This conversion also provides proof for the 
presence of the x-oxo-group in friedelane-3 : x: y-trione. For the other hydroxy-diketone 
three possibilities remain: x{ax]-hydroxyfriedelane-3 ; y-dione and the two epimers of 
y-hydroxyfriedelane-3 : x-dione. The first of these can be eliminated by molecular rota- 
tions: the observed {Mp is +-498° whereas the calculated [M)p for x{ax)-hydroxyfriede- 
lane-3 : y-dione is —249° {the sum of the observed [M)p of friedelane-3 : y-dione (— 273°) 
and the AOH value for the x{ax|-hydroxyl group (-+-24°; see Table 1)}. The compound 
is named y-hydroxyfriedelane-3 : x-dione since its molecular rotation differences (Table 1) 
indicate that the hydroxyl group has the same configuration as in the other y-hydroxy- 
Y ompounds. 

The molecular-rotation differences set out in Table 1 provide supporting evidence for 
the names assigned to the various compounds, and further confirmation is available from 
the molecular-rotation contributions of the carbonyl groups (¢.g., the 3-oxo-group ; Table 2 
and from the infrared spectra which will be discussed in a later paper. 

The molecular-rotation differences also support the absolute configuration (I) deduced 
for the friedelane structure. Klyne 5 has shown that in polycyclic compounds such as 


* Ames, Beton, Halsall, and Jones, J., 1954, 1905. 
* }ieusser, Anliker, and 4 °S55 Helv. Chim, Acta, 1962, 35, 1537; Herzog, Jevnik, and Hershberg, 
] Amer. Chem ee 1953, 75, 269; Barnes, Barton, Cole, Fawcett, and Thomas, J., 1953, 571. 
Courtney and Gascoigne, preceding r. 
* Klyne, /., 1952, 2916 ovr 
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steroids and triterpenes two enantiomorphic forms of a terminal ring have rotational 
contributions of opposite sign, often of the same order of magnitude. On the basis of 
formula (I), if methyl groups are neglected (an admissible procedure 5), friedelane is 
enantiomorphic with respect to ring A (also rings B and c) with androstane (II) and with 


TABLE 1. Molecular-rotation contributions of hydroxyl and acetoxyl groups. 
Symbols and conventions are as used by Klyne and Stokes (J., 1954, 1979). 


M)p (M)p (My pOAc 


(Mi) 
H,* OH OAc AOH AOAc —[{M)]pOH 


3-Hydroxyl group (equatorial) 
Friedelan-3«-ol ¢ +- 69° —9o° 
3a-Hydroxyfriedelan-x-one * - +641 +562 

3-Hydroxyl group (avxial) 
Friedelan-36-ol - +169 
3f-Hydroxyfriedelan-s-one * 
3f-H ydroxyfriedelane-* : y-dione 
38-Hydroxyfriedelan-y-one 

x-Hydroxyl group (equatorial) 
Friedelan-*{eq}-ol : +61 24 
*(eq}-Hydroxyfriedelan-3-one - ~ 142 ~ 103 
*(eq}-Hydroxytriedelane-3 : y-dione ... — 328 ~ 344 

x-Hydroxyl group (axial) 
Friedelan-*[ax}-ol +111 +113 
*(ax}-Hydroxytriedelan-3-one ~ 66 58 

y-Hydroxyl group 
Friedelan-y-ol * +91 +90 Ol 
y-Hydroxyfriedelan-3-one * ~—89 121 
y-Hydroxyfriedelane-3 : x-dione +498 | 439 


* Compounds described in Part I.* 
+ Friedelinol; the constants are _— in the Experimental section. 


¢ epiFriedelinol; our constants (Experimental) are in agreement with those of Bruun and Jefferies 


(Acta Chem. Scand., 1954, 8, 1948). 


oleanane, ursane, and lupane (III). Consequently the rotational contribution of the 
3-oxo-group in the friedelane series should be opposite in sign to the contribution of this 
group in the various series represented by (II) and (III). We have determined the rota- 
tional contribution of the 3-oxo-group with ten sets of friedelane derivatives [six in this 
paper (Table 2) and four in Part I ‘] and the average value is 170°. Klyne ® records the 


(II) (tft) 


rotational contribution of the 3-oxo-group in several triterpenes of the oleanane, ursane, 
and lupane series; the values range from -+-64° to +-144°. For steroids of the 5a-series 
the average value ® is +-71°. Similarly Dutler, Jeger, and Ruzicka ™ have observed that 
a molecular-rotation difference for an A-nor-ketone derived from friedelin is negative 
whereas for an analogous compound from lanosterol it is positive. 

The conclusion that, in ring A, friedelane is a ‘ skeletal enantiomorph ”’ of the 5a- 
steroids and the usual triterpenes rationalises the stereochemical course of reduction of its 
3-oxo-derivatives. We have had occasion to reduce four such derivatives (friedelin, 

* Barton and Klyne, Chem. and Ind., 1948, 755. 
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friedelane-3 : x-dione, friedelane-3 : y-dione, and friedelane-3 : x: y-trione) with sodium 
borohydride and in all cases the axial (36-)alcohol was formed in predominant amount ; 
in the last two cases the equatorial (3a-)alcohol was not detected. It is well established 
that reduction of the 3-oxo-group in 5a-steroids and in triterpenes of the type (III) with 


TaBLe 2. Molecular-rotation contribution of the 3-oxo-group. 
[M}p with [M)p without 

3-oxo-group 3-0xo-group ACO 
+\eq}-Hydroxyfriedelan-3-one — 142° +51° —~ 193° 
x\eq)|-Acetomyfriedelan-B-One ..ccscccssesresecereeees —193 +24 217 
x ax|-Hydroxyfriedelan-3-one +111 —~177 
vax |-Acetomyfriedelan-3-ON€ crsccercececrereenereees +113 —171 
y-Hydroxyfriedelan-3-one - +90 ~179 
y-Acetoxyfriedelan-3-one +61 ~~ 182 


sodium borohydride (or lithium aluminium hydride) yields mainly the equatorial (36-) 
alcohol ? and it seems likely, at least with the triterpenes, that the $-orientation of the 
hydroxyl group in the reaction product is determined by rear («) attack of the reagent.* 
This would be the determining factor also in the friedelan-3-one series, again causing 
é-orientation in the reaction product. That friedelan-36-ol and its congeners have the 
axial rather than the equatorial configuration is a consequence of the “ skeletal enantio- 
morphic ’’ nature of friedelane * and is presumably not relevant to the course of the 
reaction. Reduction of friedelan-3-one with lithium aluminium hydride ° and by hydro- 
genation (in acetic acid solution) * also yields friedelan-36-ol. 

The 3-oxo-group is somewhat more hindered in the friedelane series than in the usual 
triterpenes : thus 3-ketones of the latter type give a positive Zimmermann colour test !° 
whereas friedelan-3-one does not; it does, however, form a semicarbazone. It is possible, 
but seems unlikely, that the course of reduction is not determined by rear attack in the 
case of the usual triterpene 3-ketones but is so determined in the case of the friedelan- 


3-ones. 
EXPERIMENTAL 


Analyses by Dr. E, Challen and Mr. D, Weedon. Infrared spectra by Mr. I, Reece. 

General experimental conditions are given in Part I.4 Fraction numbers refer to the 
chromatogram of the triterpene mixture described in Part I. 

x{ax|-Hydroxyfriedelan-3-one.—-By virtue of its low solubility in alcohol, x{ax]-hydroxy- 
friedelan-3-one (2-3 g.) was isolated from fractions 30—35. It crystallised from benzene in 
tetrahedra, m, p, 272-—275°, [a]p —15° (c 2-2) (Found: C, 81-5; H, 11-3. CygH gO, requires 
C, 81-4; H, 114%). The acetate formed needles (from alcohol), m. p. 265—270°, [a], —12° 
(c 2-9) (Found: C, 793; H, 10-8, Cy,H,,0, requires C, 79-3; H, 10-8%), The semicarbazone 
formed laths (from alcohol-benzene), m, p. 322-—-327° (decomp. ; frothing at 281—284°) (Found : 
C, 72-7; H, 10-9; N, 7-0. Cy,Hs,0,N,,C,H,°OH requires C, 72-6; H, 10-9; N, 7-7%). 

When oxidised with chromium trioxide in pyridine it yielded friedelane-3 : x-dione, m. p. 
260-—262°, [a]p 4-116° (¢ 2-5), 

x(eq)-Hydroxyfriedelan-3-one,—-Fractions 36—39 were combined with the alcohol-soluble 
material from fractions 40-43 and recrystallised repeatedly from alcohol, yielding x{eq]- 
hydroxyfriedelan-3-one, needles, m, p. 264-268", [a], 32° (c 2-6) (Found: C, 81-2; H, 11-25%). 
An additional amount was obtained by chromatography of the material from the mother- 
liquors (total, 3-8 g.). The acetate formed needles (from alcohol), m. p. 236—238°, [a], —40° 
(c 2-2) (Found: C, 791; H, 108%). The semicarbazone formed needles (from aqueous alcohol), 


* If bonds at corresponding carbon atoms in the two “ skeletal enantiomorphs"’ are to have the 
same orientation (a or ~) they must necessarily have different configurations (axial or equatorial). 
Orientation, in the sense used here, does not necessarily have any absolute significance but is defined 
by the direction of the exocyclic bond at Ci», which is a in the friedelane series ** and £ in the series 
represented by structures (II) and (III). 


’ Cf, Barton, J., 1953, 1027; Halsall and Jones and their co-workers, J., 1953, 2548, 3019; Cooley, 
Ellis, and tence Fi 1955, 2998. 

* Cf. Cram and Elhafez, J. Amer. Chem. Soc., 1952, 74, 5828; Noyce and Denney, ibid., 1950, 72, 
5743; Shoppee and Summers, /., 1950, 687, 
® ont J, 1064, 473 
” Barton and de Mayo, /., 1954, 887 
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m. p. 259-—262° (decomp.) (Found: C, 74:7; H, 10-7; N, 82. C,,H,sO,N, requires C, 74-5; 
H, 10-7; N, 84%). 

When oxidised with chromium trioxide in pyridine it yielded friedelane-3 : x-dione, m. p. 
248—-252°, [a)p +114° (c 1-8). 

y-Hydroxyfriedelan-3-one.—This compound was not detected in the present separation but 
was obtained in small amount in the separation of another batch of the triterpene mixture. 
It was eluted from alumina after x{eq)-hydroxyfriedelan-3-one and crystallised from benzene in 
laths, m. p. 3056-—308°, [a]p —20° (c 0-5; 2dm. tube). It was identical (infrared spectra and 
mixed m. p.) with the product prepared from friedelane-3 : x : y-trione (Part I).* 

x{eq|-Hydroxyfriedelane-3 : y-dione.—-By virtue of its low solubility in alcohol x{eq]-hydrosy- 
friedelane-3 : y-dione (7 g.) was isolated from fractions 4044. It crystallised from benzene in 
prisms, m. p. 289-—-292°, [a]p —72° (c 2-0) (Found: C, 79-0; H, 10-5. CygHysO, requires 
C, 78-9; H, 106%). The acetate formed needles (from alcohol), m. p. 276—-278°, [a]) —69° 
(¢ 1-2) (Found: C, 76-8; H, 10-0. C,,H,.0, requires C, 77-1; H, 10:1%). The monosemi- 
carbazone crystallised from alcohol in plates, m, p. 282° (decomp.) (Found: C, 70-7; H, 9-95; 
N, 7-9. C,y,H,,0,N,,C,H,°OH requires C, 70-8; H, 10:25; N, 7-5%). 

When oxidised with chromium trioxide in pyridine it yielded friedelane-3 ; x : y-trione, 
m, p. 300-—-303°, [a] + 70° (c 1-2). 

y-Hydroxy friedelane-3 : x-dione.-This compound could not be obtained pure in the present 
separation although it was present in considerable amount in fractions 46—53. From chromato- 
graphy of a previous batch of the triterpene mixture (which had been extracted from the bark 
with light petroleum and probably did not contain the polyhydroxy-triterpenes which interfere 
with the purification) a fraction was obtained with {a}, +94° (corresponding in position to 
fractions 46—53 in the present chromatogram). Rechromatography of this material (1-4 g.) 
over alumina (100 g.) and recrystallisation of the higher fractions from alcohol yielded y-hydroxy- 
friedelane-3 : x-dione in needles, m, p. 304—310° (decomp.), [a)p -+- 109° (¢ 2-4) (Found: C, 78-9; 
H, 10-6%). The acetate formed rods (from methy! alcohol), m. p. 205-—-207°, [a]p + 88° 
(¢ 1-6) (Found: C, 77-1; H, 98%). The monosemicarbazone was obtained microcrystalline 
from aqueous alcohol, with m, p. 270° (decomp.) (Found: C, 70-5; H, 10-1; N, 7-9. 
Cy,H,,O,N3,C,H,°OH requires C, 70-8; H, 10-25; N, 7-5%) : 

When oxidised with chromium trioxide in pyridine it yielded friedelane-3 ; « : y-trione, 
m. p. 300—-303°, [a], +-65° (c 0-7; 2 dm. tube). 

Reduction of Friedelan-x-one,—-(a) Sodium (2 g.) was added to a boiling solution of friedelan 
x-one (0-5 g.) in pentyl alcohol (25 ml.); when the reaction was complete the alcohol was re 
moved with steam. The product was chromatographed over alumina (50 g.) from solution in 
3:1 light petroleum—benzene. Elution with benzene yielded friedelan-x{eq}-ol (0-4 g.), needles 
(from cyclohexane), m, p. 261—264°, [a]p +12° (c 0-8; 2 dm. tube) [Found (after vacuum- 
sublimation) : C, 84:3; H, 12:3. CygH,,O requires C, 84-05; H, 12.2%). The acetate formed 
prisms (from alcohol-chloroform), m. p. 239-—242°, [a)p 45° (¢ 1-1) (Found: C, 81-8; H, 11-6. 
CagH,,O, requires C, 81-6; H, 116%). 

(6) A solution of friedelan-x-one (0-7 g.) in benzene (25 ml.) was added to a suspension of 
lithium aluminium hydride (2 g.) in ether (60 ml.), and the boiling mixture was stirred under 
reflux for 8 hr. and then poured into ice-cold 3n-sulphuric acid, Kecrystallisation of the 
product from alcohol~benzene yielded friedelan-x{ax)}-ol, plates, m. p, 276-—279°, [a|» + 26° 
(ec 1-4) (Found: C, 83-8; H, 120%). The acetate formed plates, m. p, 268-—-261°, [a|p + 24° 
(c 0-6; 2 dm. tube), from alcohol-benzene (Found: C, 81-9; H, 11-7%). 

Reduction of Friedelan-y-one.—-(a) Reduction of friedelan-y-one (1 g.) with sodium and 
pentyl alcohol and purification of the product as described above yielded friedelan-y-ol (0-75 g.), 
m. p. 224—~226°, [a], + 23° (¢ 1-4). 

(6) Reduction with lithium aluminium hydride as described above also yielded friedelan-y 
ol, m. p. 224—226°, [a]p + 21° (¢ 1-6). 

Huang-Minlon Reduction of x{ax)-Hydvoxyfriedelan-3-one.-A solution of x{ax}-hydroxy 
friedelan-3-one (2-15 g.), potassium hydroxide (1-4 g.), and hydrazine hydrate (4 ml, of 100%) 
in diethylene glycol (20 ml.) was refluxed for 14 hr. Hydrazine hydrate was then removed by 
distillation and the mixture was kept at 200° for 4 hr. The product, isolated from the acidified 
mixture with chloroform, was dissolved in 3: 1 light petroleum—benzene and chromatographed 
over alumina (60 g.). Elution with the same solvent gave friedeilan-s{ax]-ol (1-7 g.), m. p. 
276-——279°, [aly -+- 26° (¢ 1-1). 

Wolff-Kishner Reduction of x{eq)-Hydroxyfriedelane-3: y-dione.-—A mixture of «{eq) 
hydroxyfriedelane-3 ; y-dione (2 g.), anhydrous hydrazine (13 ml.), and a solution of sodium 
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(4-9 g.) in methyl alcohol (70 ml.) was heated at 200° for 16 hr. The product, isolated with 
chloroform after the mixture had been acidified, was chromatographed in 3: 1 light petroleum— 
benzene over alumina (75 g.). Elution with benzene yielded friedelan-#{eq]-ol (1-7 g.), m. p. 
260-262", {a)n + 10° (¢ 1-2). 

Reduction of Fricdelin with Sodium Borohydride,—-Friedelin (7 g.) was dissolved in hot pyri- 
dine (250 ml.), and the cooled solution was added to a solution of sodium borohydride (2-1 g.) 
in methyl! aleohol (160 ml.) containing n-sodium hydroxide (1 ml.). The mixture was left for 
2 days and then acidified, The product, isolated with chloroform, was chromatographed in 
benzene over alumina (700 g.) to give 8 fractions. Fractions 1 and 2 (2-0 g.) consisted entirely, 
and fractions 3 and 4 (1-16 g.) mainly, of friedelin, The infrared spectra of fractions 5-7 were 
identical; they were combined (2-64 g.) and recrystallised from benzene, yielding epifriedelinol, 
plates, m. p. 280-—~-282°, [a]») + 21° (c 0-7; 2dm.tube). The acetate crystallised from alcohol- 
benzene in plates, m. p, 200-—-293°, [a]p +36° (c 1-1). The infrared spectrum of fraction 8 
(0-94 g.) indicated that it consisted mainly of friedelinol, an authentic specimen of which was 
prepared by reduction of friedelin with sodium and pentyl alcohol, having m. p. 303-306”, 

x\y + 16° (c O04; 2 dm. tube). The acetate had m. p. 316—318°, [a], —21° (c 1-1). Drake 
and Campbell ™ record m. p. 301-—304° and for the acetate m. p. 316-316’, 

Reduction of Friedelane-3: y-dione with Sodium Borohydride.—Reduction of friedelane-3 : y- 
dione (6 g.) and chromatography of the product (8 fractions) was carried out as described for 
friedelin. Fractions 1-—~4 (2-0 g,) consisted mainly of starting material. Fractions 4—8 (2-2 g.) 
all had the same infrared spectra and were combined and recrystallised from alcohol, yielding 
36-hydroxyfriedelan-y-one, prisms, m, p. 319-—~-322°, [a)y —32° (c 1-1) (Found: C, 81-2; H, 
11-3%). The acetate formed needles, m. p. 329-333", [a}p — 20° (c 1-1), from alcohol—benzene 
(Found: C, 70-6; H, 10-09%). 

Reduction of Friedelane-3: x: y-trione with Sodiwn Borohydride,--The reduction and the 
chromatography of the product were carried out as described for friedelin. Chromatographic 
separation was not successful, consequently the product was fractionally crystallised from 
benzene and then from alcohol, yielding 38-hydroxyfriedelane-x : y-dione, prisms, m, p. 314—318°, 

a\y + 107° (¢ 1-1) (Found: C, 78-8; H, 10-7%). The acetate formed plates (from alcoho'), 
m. p. 321-—326", [a}yp 4+113° (c 1-1) (Found; C, 76-9; H, 100%). 
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416. Synthesis of Divicine (2: 4-Diamino-5 : 6-dihydroxypyrimidine) 
and Other Derivatives of 4 : 5(5 : 6)-Dihydroxypyrimidine.* 


By J. Davott and D. H. Laney. 


A number of 5-tetrahydropyran-2’-yloxypyrimidines have been prepared, 
On acid hydrolysis these afforded 5-hydroxypyrimidines in high yield. The 
compounds synthesised by this route include 2: 4-diamino-5 : 6-dihydroxy- 
pyrimidine, shown to be the aglycone of the nucleoside vicine, and several 
4:5: 6-trinydroxypyrimidines, including dialuric acid. The ultraviolet 
spectra and structures of these compounds are discussed. 


Divicing, the aglycone of the glucoside vicine isolated from vetch seeds, has recently 
been shown ! to be 2 ; 4-diamino-5 : 6-dihydroxypyrimidine (I; R = H), and the unsuccess 
ful attempts at its synthesis exemplify the difficulties of preparing 5-hydroxypyrimidines ; 
the parent compound and its simple derivatives, which might be expected to have the 
generally phenolic character of 3-hydroxypyridine, are unknown. 

The usual methods for preparing hydroxy-compounds are not readily applicable to 
this series. Thus the readily available 5-halogenopyrimidines usually fail to react with 
acids or alkalis,’ although one preparation of a 5-hydroxypyrimidine by this route has been 

* A preliminary announcement of part of this work has been made (Bowman and Davoll, Chem. and 
Ind., 1956, 138). 

' Bendich and Clements, Hiochim, Biophys. Acta, 1953, 12, 462 
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reported.* The 5-alkoxypyrimidines obtained by ring synthesis also show great stability 
to hydrolysis.’ A few 5-hydroxypyrimidines have been prepared by acid hydrolysis of 
5-amino-compounds ; + § and 5-aminopyrimidine reacts with nitrous acid with evolution 
of nitrogen,® but the other product of this reaction, possibly 5-hydroxypyrimidine, has 
not been isolated. Reduction of a 5-oxo-derivative is applicable only to the preparation 
of dialuric acid from alloxan, Compounds at first described as 2: 4-diaryl-6-hydroxy- 
pyrimidines were reported,’ but this structure was later disproved.* The colour reactions 
of a number of otherwise unknown 5-hydroxypyrimidines (including 2-amino-4 : 5: 6- 
trihydroxypyrimidine and 4: 5: 6-trihydroxy-2-mercaptopyrimidine) have been described by 
Knott * without information about their method of preparation. 

It appeared that the most versatile synthetical method would be one in which the 
potential 5-hydroxy-group was protected during the ring synthesis by some group which 
could be removed later under relatively mild conditions, and a synthesis of 2-amino-4: 5- 
dihydroxypyrimidine was accomplished by condensation of guanidine with ethyl sodio- 
benzyloxyformylacetate (II; R = CH,Ph) and subsequent hydrogenolysis of the benzyl 
group. This pyrimidine has previously been prepared from 2: 5-diamino-4-hydroxy- 
pyrimidine.* 

A far more convenient method, as regards both the preparation of intermediates and 
the ease of removal of the protecting group, was found in the use of tetrahydropyran-2-yl 
ethers, the products of ring synthesis being rapidly hydrolysed to 5-hydroxypyrimidines 
by cold dilute acid. 

Ethyl tetrahydropyran-2-yloxyacetate, prepared from ethyl glycollate and 2: 3- 
dihydropyran, reacted with ethyl formate in the presence of sodium to give the ester 


N N 
HAN ys COzEt GO*CHtyOR Hin? ey cn 
| 
Nx JOR _C-OR CH-OR Nx JOH UCHOR oN 
OH CH-ONa CO Et OH COE 
(I) (il) (Hi) (IV) (Vv) (VI) 


(11; R = tetrahydropyran-2-yl), which on condensation with guanidine gave 2-amino- 
4-hydroxy-5-tetrahydropyran-2’-yloxypyrimidine, hydrolysed by dilute acid to 2-amino- 
4; 5-dihydroxypyrimidine. 4: 5-Dihydroxy-2-methylpyrimidine ® was similarly prepared 
by using acetamidine. Self-condensation of ethy! tetrahydropyran-2-yloxyacetate by 
sodium gave the acetoacetic ester derivative (II1; R = tetrahydropyran-2-yl), which 
afforded the hydroxymethylpyrimidine (IV) by reaction with guanidine and subsequent 
acid hydrolysis. 

Bendich and Clements ! converted ethoxymethy! cyanide by the method of Wallingford 
et al.° into the cyano-ester (V; R = Et), which reacted with guanidine to give 2: 4- 
diamino-5-ethoxy-6-hydroxypyrimidine (I; R = Et); hydrolysis of this to divicine could 
not be effected. A similar synthesis using tetrahydropyran-2-yloxymethyl cyanide gave the 
analogous ester (I; R = tetrahydropyran-2-yl), which was converted into 2 ; 4-diamino- 
5 : 6-dihydroxypyrimidine sulphate by hydrolysis with dilute sulphuric acid, hydrolysis 
with hot aqueous acetic acid giving the free base (I; R = H). The ultraviolet spectrum 
and colour reactions (see Table) of the sulphate were virtually identical with those of a 
sample of divicine sulphate prepared by acid hydrolysis of the glucoside vicine. The 
infrared spectra of the two preparations showed a number of differences; in view of the 


Bray, Lake, and Thorpe, Biochem. ]., 1951, 48, 400 

Behrend, Annalen, 1885, 229, 39. 

Johnson and Johns, Amer. Chem. J., 1905, 34, 564 

Huber and Hdlscher, Ber., 1938, 71, 87. 

Whittaker, J., 1951, 1565. 

Ekeley and Ronzio, J]. Amer. Chem. Soc., 1935, §7, 1363; Ekeley and Elliott, ibid, 1936, 58, 163 
Williams, Symonds, Ekeley, and Ronzio, ihid., 1945, 67, 1i57 

Knott, /. Soc. Chem. Ind., 1940, 60, 313 

Wallingford, Jones, and Homeyer, /. Amer. Chem. Soc., 1942, 64, 576. 
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known difficulties of preparing the pure sulphate from vicine' it is considered that these 
may be due to impurities in the “ natural ” divicine sulphate. Insufficient of this material 
was available for more extensive purification. 

Condensation of the ester (V; R = tetrahydropyran-2-yl) with urea, followed by 
acid hydrolysis, gave 4-amino-2 : 5 : 6-trihydroxypyrimidine (" isouramil ’’ ™), believed 
to be the aglycone of the glucoside convicine, also from vetch. 


Amar. (€ *10°%) in 
eS = _, 

: ° a Phosphate I, con- 
tna im buffer, 0-IN- sumed« Reactions * 
4 6 6 §=pK,’* Ol»-HCl pH 68 NaOH (mole/mole) A BC 
OH OH H 893 266 (9-3) 256 (9-3) 262 (7-6) 0 -_ — + 

295 (7-9)* 
OH OR 9-76 --- 237 (5-6) 233 (7-4) 0 ~ - — 
268 (5-7) 273 (5-9) 
OH OH : 234 (7-4) 235 (9-2) 251 (5-1) ca. 04 
276 (6-6) 278 (5-4) * 305 (4-6) * 
OH .& —~ 214 (13-1) 230 (6-9) 0 
' 274 (3-7) 283 (5-1) 
OH . 232 (9-1) 275 (4-1) 285 (6-0) 
. 270 (6-7) 
OH CHyOH + 238 (7-4) 216 (121) 
9: 278 (78) 281 (5-8) 
OH CHyOR 2 — 222( 9-7) 
293 (5-0) 


NH, OH . 88 281 (12-9) — 


NH, ' . 280 (12-4) - 

NH, . 238 (3-8) 237 (4-0) 

278 (12-0) 270 (88) 

NH, . 90 220 (s) (4°2)* 
280 (13-6) 

276 (14-8) 27 


NH, — 
OH . 271 (9-0) * 


OH —_ 261 (9-8) 266 (5-3) 
OH ° 272 (10-4) 270 (7-7) * 
OH . 264 (10-8) 262 (9-7) 
OH . 232 (8) (82) 223 (16-7) * 
274 (88) 274 (7°7) 
304 (8) (7-0) 310 (45) 
- 263 (5-6) 270 (4-0) 
300 (4-2) 202 (4-0) 


OH 


OH . 273 (6-9) * = 
OH : . 270 (12-5) 268 (9-2) 
OH . 270 (3-2) 275 (16-5) 

(1% HCl) 4 
OH , 200 (7-3) 225 (9-9) 219 (4-7) 

270 (9-4) 266 (18-6) 

OH , 253 (8-3) 261 (7-1) 250 (3-6) 
OH f 252 (12-2) 262 (10-2) 252 (6-2) 
OH : 260 (11-5) 230 (8) (18-6) 278 (5-0) 

283 (5-7) 278 (s) (5-2) 

NH, OH 256 (95) 257 (139) 257 (8-6) ~_ _ : 

* A, with phosphomolybdate; B, with 2: 6-dichlorophenol-indophenol; C, with FeCl,-NH, (see 
ref. 1.) 

* R «= tetrahydropyran-2-yl; KR’ = benzyl. * Determined in 50% ethanol. ¢ On titration in 
aqueous suspension with 0-1N-iodine, * Patterson, Lazarow, Lemm, and Levey, J. Biol, Chem., 1949, 
177, 197. * Unstable, / Sulphate. ¢ Prepared from vicine. * Determined by dissolving the 
tetrahydropyranyl derivative in 0-lN-hydrochloric acid. The trihydroxy-compounds were too 
insoluble to be dissolved without decomposition. ‘ Too insoluble. 


4: 5: 6-Trihydroxypyrimidines were prepared from dimethyl tetrahydropyran-2- 
yloxymalonate, obtained from dimethyl tartronate and dihydropyran. Condensation of 
the malonate with guanidine and hydrolysis of the product gave 2-amino-4: 5: 6- 
trihydroxypyrimidine, and dialuric acid was similarly obtained from urea although in this 


'! Davidson and Bogert, Proc. Nat. Acad. Sci., 1932, 18, 490. 
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case the intermediate tetrahydropyranyl ether was too unstable to be isolated. Treatment 
of the crude reaction product with dilute acid gave a solution which contained very little 
dialuric acid (according to iodometric titration), although addition of excess of sodium 
hydroxide followed by acetic acid gave a 36°, yield of sodium dialurate. This suggests 
that hydrolysis of the tetrahydropyranyl ether liberates a tautomeric form of dialuric 
acid, possibly isodialuric acid, which is converted into sodium dialurate under similar 
conditions. Substitution of thiourea for urea in the above synthesis gave 4: 5: 6-tri- 
hydroxy-2-mercaptopyrimidine. 

4: 5: 6-Trihydroxy-2-methyl- and -2-phenyl-pyrimidine were prepared by condensation 
of dimethyl tetrahydropyranyloxymalonate with the appropriate amidines, followed by 
acid hydrolysis, and 4 : 5 : 6-trihydroxypyrimidine itself by reaction of tetrahydropyranyl- 
oxymalondiamide with ethyl formate," followed by hydrolysis of the tetrahydropyranyl 
ether thus obtained. 

The reactions of the compounds with oxidising agents and with ferric chloride (ef. ref. 1) 
are given in the Table, together with their pX,’ values and ultraviolet absorption maxima ; 
the range of pH values over which the latter could be determined was limited by the 
instability of most of the 5-hydroxypyrimidines in neutral and alkaline solution, and by 
the lability of the tetrahydropyrany]l ethers in acid. 

All the compounds with hydroxy-groups at both the 4- and the 5-position reduce 
alkaline phosphomolybdate, and if a 2-amino-group is also present (compounds 3 and 6) 
reduce Tillman's reagent (2 ; 6-dichlorophenol-indophenol) and react slowly with iodine. 
The 6-amino-4 ; 5-dihydroxy- and 4: 5; 6-trihydroxy-compounds give positive reactions 
with Tillman’s reagent and phosphomolybdate, and react rapidly with iodine, consuming 
approximately one mol, per mol. if a 2-amino-, 2-hydroxy-, or 2-mercapto-group is present ; 
otherwise, more extensive oxidation occurs. The 5-tetrahydropyranyl ethers of the 
6-amino-4 ; 5-dihydroxy- and 4: 5: 6-trihydroxy-compounds also react with phospho- 
molybdate and iodine, presumably with loss of the protecting group. All the 5-hydroxy- 
compounds give a blue ferric chloride reaction, except 4 ; 5-dihydroxy-2-methylpyrimidine, 
which gives a reddish-violet colour. 

Recent studies of pyrimidine ultraviolet spectra ™:!*° have shown that 2- and 4(6)- 
hydroxypyrimidines exist mainly or entirely in the pyrimidone form, while amino- 
pyrimidines generally have the structure of true amino-compounds. The spectra listed 
in the Table indicate that the 5-hydroxy-group exists as such (except possibly in 4 ; 5-di- 
hydroxy-2-methylpyrimidine), since there is a close resemblance between the spectra of 
the hydroxy-compounds and their ethers. Comparison of these spectra with those of the 
corresponding pyrimidines unsubstituted at the 5-position shows that the 5-hydroxy-group 
causes a bathochromic shift of 16—21 mu, and the ether group a rather smaller one. 

In the same way, the spectra of compounds 13-22 are regarded as derived from that 
of 4 : 6-dihydroxypyrimidine. Stimson !* reported the spectrum of this compound to have 
maxima at 270 (¢ 5050—6120) and 328 my (¢ 8160-9400) at pH 29—10-9, These values 
were inconsistent with those of related compounds, and a redetermination on material 
prepared by Hull’s method ® gave a single maximum at 250-253 my, hardly affected in 
position by change of pH (see Table), Three other 4 : 6-dihydroxypyrimidines (compounds 
24—26) also showed little change in absorption with pH. The structure (VI) for 4: 6-di- 
hydroxypyrimidine receives support from the infrared spectrum,’’ and with a 5-hydroxy- 
substituent gives a carbonyl-conjugated enediol system which convincingly explains the 
reducing properties of these compounds.* 

Polarography of the compounds yielded no definite results. Their infrared spectra 
were determined, and a detailed account will be submitted for publication elsewhere. 


12 Behrend and Roosen, Annalen, 1889, 261, 235. 

Hull, J, 1951, 2214. 

* Marshall and Walker, /., 1951, 1004; Boarland and McOmie, J., 1962, 3716, 3722; Brown 
Hoerger, and Masen, J., 1965, 211, 

1* Brown and Short, /., 1963, 331. 

1© Stimson, J. Amer. Chem, Soc., 1949, 71, 1470. 

1? Short and Thompson, J., 1952, 168. 
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EXPERIMENTAL 


Unless otherwise stated, analytical samples were dried at 20°/1 mm. 

2-Amino-5-benzyloxy-4-hydroxypyrimidine,—Ethyl benzyloxyacetate ¥ (9-7 g.) was added to 
sodium wire (1:15 g.) in a mixture of dry ether (25 c.c.) and ethyl formate (3-7 g., 4.¢.c.). After 
2 hr. the clear brown solution was evaporated to dryness and the residue treated with guanidine 
(prepared from a hot solution of 4-8 g. of the hydrochloride in absolute ethanol by adding one 
equiv. of ethanolic sodium ethoxide and filtering) in absolute ethanol (80 c.c.), The mixture 
was boiled under reflux for 2 hr., then evaporated to dryness, and a filtered solution of the 
residue in water (60 c.c.) was acidified with glacial acetic acid (3 c.c.). The gum which separated 
crystallised rapidly, giving a tan-coloured powder (7-06 g., 65%). Crystallisation from 50% 
ethanol (800 c.c.) with charcoal gave the benzyloxypyrimidine (4-52 g.) as needles, m, p. 245-—246° 
(decomp. >» 200°) (Found: C, 60-9; H, 5-2; N, 19-0. C,,H,,O,N, requires C, 60-8; H, 5-1; 
N, 194%) 

2-Amino-4 : 5-dihydroxypyrimidine Sulphate.—(a) A solution of the above compound (1-0 g.) 
in 50% acetic acid (30 c.c.) on hydrogenation at ordinary temperature and pressure in presence 
of 5%, palladised charcoal rapidly absorbed 1 mol. of hydrogen, Addition of dilute sulphuric 
acid, evaporation to small volume, and addition of ethanol gave the sulphate (0-62 g., 76%) as 
colourless crystals [Found : N, 23-8. (C,H,O,N,),H,SO, requires N, 23-99%]. Cf. (b) below. 

Ethyl Tetrahydropyran-2-yloxyacetate.—-To a mixture of ethyl glycollate (100 g.) and redis 
tilled 2: 3-dihydropyran (88 g,) was added a little toluene-p-sulphonic acid; the temperature 
rose rapidly to about 150°, After cooling, a solution of the product in ether was washed with 
sodium hydrogen carbonate solution, dried (Na,SO,), and distilled from a little sodium hydrogen 
carbonate, giving the ester (165 g., 83%), b. p. 88°/1 mm., n?? 1-4415 (Found: C, 57-8; H, 8-6. 
CoH gO, requires C, 67-4; H, 86%). 

2-Amino-4-hydroxy-b-letvrahydropyran-2’-yloxypyrimidine,—The above ester (37-6 g.) was 
added to sodium wire (4-6 g.) and ethyl formate (14-8 g., 16 c.c.) in dry ether (100 c.c.), under 
a reflux condenser, After 4 hr. guanidine (from 19-1 g. of hydrochloride) in absolute ethanol 
(200 c.c.) was added to the spongy mass of sodium derivative, and most of the ether was distilled 
off. The remaining solution was boiled for 2 hr. and the product (24-7 g., 58%) isolated as 
described for the benzyloxy-compound. Rapid recrystallisation from 50%, ethanol (1 L) 
with charcoal gave the tetrahydropyranyloxypyrimidine (16-6 g.) as needles, m. p. 196° (decomp.) 
(Found: C, 51-1; H, 65; N, 19-9. C,H,,O,N, requires C, 51-2; H, 6-2; N,19-9%). Prolonged 
heating during recrystallisation caused loss of the tetrahydropyranyl group. 

2-Amino-4 : 6-dihydroxypyrimidine Sulphate.—(b) The above ether (9 g.) and 2n-sulphuric 
acid (70 c.c.) were shaken together for 1 hr. Collected after cooling to 0° and washed with 
ethanol, the sulphate (6-9 g., 92%) formed crystals identical spectroscopically with the prepar 
ation described above [Found: C, 27-0; H, 3-7; N, 241. Calc. for (CgH,O,N,),H,SO,: C, 27-3; 
H, 3-4; N, 23-9%]. 

rhe free base (1-16 g., 91%) was obtained by acidifying a solution of the sulphate (1-76 g.) in 
2n-sodium hydroxide (10 ¢.c.) with acetic acid, It formed colourless needles (from water), 
decomp, »300° (Found: C, 37-3; H, 42; N, 33-4. Calc, for CgH,O,N,: C, 37-8; H, 4-0; 
N, 33-1%) 

4 -llydroxy-2-methyl-5-tetrahydropyran-2’-yloxypyrimidine.—-The procedure was as described 
for the 2-amino-compound, except that acetamidine was used, and refluxing was for 3hr. The 
compound did not separate on neutralisation of a solution of its sodium salt and was extracted 
with ethyl acetate (3 x 60 c.c.), Evaporation of the dried (Na,SO,) extract and trituration 
with dry ether (100 c.c.) gave the tetrahydropyranyl compound (17-5 g., 42%), needles, m. p. 
14]--143° (with gas evolution and resolidification at a slightly higher temperature), unchanged 
by recrystallisation from benzene (Found: C, 57-4; H, 70; N, 13-1, C,,H,,O,N, requires 
C, 67-1; H, 6-7; N, 133%) 

4: 6-Dihydroxy-2-methylpyrimidine.-The above ether (10 g.) and n-sulphuric acid (100 c.c.) 
were shaken together for 1} hr. and the dihydroxypyrimidine (5-23 g., 87%) collected after 
dilution with ethanol (100 c.c.). It crystallised from water in prisms, m. p. ca, 310° (decomp.) 
(Found: C, 47-9; H, 6-0; N, 22-4. Calc. for C,5H,O,N,: C, 47-6; H, 4-8; N, 22-2%). Huber 
and Holscher® give m. p. 231°. As described by them, the aqueous solution of the compound 
is acid to litmus and gives a light green precipitate with aqueous cupric acetate, 


'* Rothstein, Bull. Soc. chim. France, 1932, §1, 691 
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2-Amino-4-hydroxy-5-tetrahydropyran-2'-yloxy-6-tetrahydropyran-2'-yloxymethyl pyrimidine. — 
Sodium wire (1-15 g.) was added to ethyl tetrahydropyran-2-yloxyacetate (18-8 g.) in dry ether 
(50 c.c.). After 6 hr. the red solution was evaporated under reduced pressure and the residue 
treated with guanidine (from 4-8 g. of hydrochloride) in absolute ethanol (60.c.c.). The mixture 
was boiled under reflux for 2 hr., then evaporated, and a solution of the residue in water (80 c.c.) 
washed with ether and treated with glacial acetic acid (3 c.c.). The product (7-18 g., 44%) was 
crystallised rapidly from %0% ethanol (600 c.c.) to give the pyrimidine (4-32 g.) which contracted 
at 203—207° (Found: C, 55-4; H, 7-1; N, 13-0. C,,H,,O,N, requires C, 55-4; H, 7:1; 
N, 129%). 

2-Amino-4 : 5-dihydroxy-6-hydroxymethylpyrimidine Sulphate.—The above compound (I g.) 
was shaken with 2n-sulphuric acid (7 c.c.) for 1 hr. Collected and washed with ethanol, the 
sulphate (0-58 g., 92%) formed prisms [Found : C, 28-9; H, 4-1; N, 206, (C,H,O,N,),H,SO, 
requires C, 29-1; H, 3-9; N, 204%]. 

Tetvahydropyran-2-yloxymethyl Cyanide.—Glycollonitrile (134 g., prepared from a commercial 
70% aqueous solution by azeotropic removal of water with benzene, followed by vacuum- 
distillation) in dry ether (400 c.c.) containing a little toluene-p-sulphonic acid was treated with 
redistilled 2 : 3-dihydropyran (198 g.) with stirring at such a rate that the mixture boiled gently. 
After 2 hr. at room temperature the solution was washed with aqueous sodium hydrogen 
carbonate, dried (Na,SO,), and evaporated, and the residue distilled from a little sodium 
hydrogen carbonate, giving the cyanide (288 g., 87%), b. p. 76°/1 mm., n® 1-4453 (Found : 
C, 59-4; H, 7-9; N, 10-2. C,H,,O,N requires C, 59-6; H, 7-9; N, 9-9%). 

2: 4-Diamino-6-hydroxy-5-tetrahydropyran-2'-yloxypyrimidine.-A mixture of the above 
cyanide (28-2 g.) and ethyl carbonate (194 c.c.) was added to “ foamed "’ sodium ethoxide 
(from 4-6 g. of sodium) and heated with stirring under a 6’ Fenske column with a reflux ratio 
head until the temperature of the distillate reached 125° (1 hr.). The mixture was evaporated 
to dryness under reduced pressure and the residue heated under reflux for 2 hr. with guanidine 
(from 19-1 g. of hydrochloride) in absolute ethanol (200 c.c.). After evaporation, a solution 
of the residue in water (100 c.c.) was washed with ether and treated with glacial acetic acid 
(12-5 c.c.). The brown powder (25-5 g.) which separated was recrystallised rapidly from very 
dilute sodium hydrogen carbonate solution (500 c.c.), with charcoal, giving the tetrahydropyranyl 
ether (12-3 g., 27%) as needles, sintering at 121—-123° (Found: C, 47-8; H, 64; N, 248, 
CyH,,0,N, requires C, 47-8; H, 6-2; N, 248%). 

2: 4-Diamino-5 : 6-dihydroxypyrimidine,--The above ether (1 g.) and 5% acetic acid (20 c.c.) 
were boiled together for 10 min. The diaminodihydroxypyrimidine (0:38 g., 61%) was collected 
after cooling and recrystallised from water, giving brownish needles, decomp. > 280° (Found : 
C, 33-6; H, 43; N, 39-6. C,H,O,N, requires C, 33-8; H, 4-3; N, 394%). The sulphate, 
prepared by hydrolysis of the tetrahydropyranyl ether with sulphuric acid in the usual way 
(91% yield), was microcrystalline and darkened slowly [Found: C, 25:3; H, 3-0; N, 28-9 
Calc. for (CgH,O,N,),H,SO, : C, 25-1; H, 3-7; N, 20-3%] 

2: 4-Diamino-5 : 6-dihydroxypyrimidine Sulphate from Vicine.-Vicine (20 mg.) and 2n 
sulphuric acid (0-2 c.c.) were heated together in a sealed tube at 100° for 15 min. After cooling 
and addition of ethanol (0-5 c.c.) the crystalline material was collected by centrifugation, 
washed with ethanol (2 x 0-5 c.c.), and dried in vacuo at room temperature, 

4-Amino-2 : 6-dihydroxy-5-tetrahydropyran-2’-yloxypyrimidine.-Tetrahydropyran - 2-yloxy 
methy! cyanide (14-1 g.) was converted into the cyano-ester as described above and the product 
boiled under reflux for 6 hr. with urea (6 g.) in absolute ethanol (150c.c.). Isolated in the usual 
way, the pyrimidine (5-66 g., 25%) formed prisms (from 50°, ethanol), m. p. >300° (Found: 
C, 47:3; H, 61; N, 184. C,H,,0,N, requires C, 47-6; H, 5-8; N, 185%). 

4-Amino-2 : 5 : 6-trihydroxypyrimidine (" Isouramil’’).-Obtained by hydrolysis of the 
above compound with cold 2n-sulphuric acid (87%, yield) and crystallised from 50%, ethanol 
the compound rapidly became pink (Found: C, 33-5; H, 40; N, 203. Cale. for C\H,O,N,: 
C, 33-6; H, 3-6; N, 20-4%). 

Dimethyl Tartronate,-—Diethyl acetoxymalonate was prepared by the following modification 
of Dimroth and Schweizer’s method ® which avoids the isolation of lead tetra-acetate. To a 
mixture of glacial acetic acid (1260 c.c.), acetic anhydride (320 c.c.), and diethyl malonate 
(160 g.) at 90° was added red lead (820 g.) with stirring, so as to keep the temperature at 95-105”. 
The mixture was then kept for 3 hr. at 100°, cooled to 70°, and added to ice and water (31.). The 
solution was extracted with 1: 1 benzene-ethy! acetate (5 x 400 c.c.) and the extract washed 


® Dimroth and Schweizer, Ber., 1923, 66, 1375 
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twice with water and with aqueous sodium carbonate, dried (Na,SO,), and distilled, giving diethy] 
malonate (38 g.), and diethyl acetoxymalonate (118 g., 59%), b. p. 130-—133°/12 mm. This 
was converted into dimethyl tartronate as described by Bak.” 

Dimethyl Tetrahydropyran-2-yloxymalonate.-To a mixture of dimethyl tartronate (43 g.) 
and redistilled 2; 3-dihydropyran (24-3 g.) was added a little toluene-p-sulphonic acid; the 
temperature rose to 80°. After 1 hr. ether was added and the mixture worked up in the usual 
way, giving the ester (46-6 g., 69%), b. p. 126—130°/1-5 mm., n% 1.4470 (Found: C, 52-2; 
H, 7:1. CygH gO, requires C, 51-7; H, 6-9%) 

Tetrahydropyran-2-yloxymalondiamide.—-The above ester (2-32 g.) and aqueous ammonia 
(d 0-88; 10 c.c.) were shaken together. The diamide (1-53 g., 76%) rapidly separated; it 
formed colourless needles (from ethanol), m. p. 160-—163° (with evolution of gas) (Found : 
C,47-7; H, 7-2; N, 141. C,H,,O,N, requires C, 47-5; H, 7-0; N, 13-9%). 

2-Amino-4 : 6-dihydroxy-5-tetrahydropyran-2’-yloxypyrimidine.—To dimethyl tetrahydro 
pyranyloxymalonate (11-6 g.) was added ethanolic sodium ethoxide (from 1-15 g. of sodium 
in 50 c.c, of absolute ethanol), followed by guanidine (from 4-8 g. of hydrochloride) in absolute 
ethanol (50 c.c.), The mixture, from which solid rapidly separated, was boiled under reflux for 
4 hr. Isolated in the usual way, the pyrimidine (8-1 g., 71%) separated as a microcrystalline 
powder, decomp, » 290°, on treatment of its solution in dilute sodium hydroxide with acetic 
acid (Found; C, 47-2; H, 6-0; N, 18-7. C,H,,0,N, requires C, 47-6; H, 5-8; N, 185%). 

2-Amino-4 : 5: 6-trihydvoxypyrimidine.-The trihydroxy-compound separated as small 
brownish prisms (74% yield), decomp, »300°, when the above ether was shaken with 2n 
sulphuric acid (Found: C, 29-7; H, 4:4; N, 26-6. C,H,O,N,,H,O requires C, 29-8; H, 4-4; 
N, 26-1%), 

2: 4:5: 6-Tetrahydroxypyrimidine (Dialuric Acid),—Urea (1-5 g.) in hot absolute ethanol 
(50 c.c.) was added to the sodium derivative of dimethy! tetrahydropyranyloxymalonate (from 
5-8 g. of ester) in absolute ethanol (25 c.c.). The gelatinous mass was kept for 6 hr, at 75-—-80° 
and evaporated to dryness. The residue was shaken for 20 min., with exclusion of air, with 
2n-sulphuric acid (20 c.c.), then treated with 10n-sodium hydroxide (5 c.c.), followed after 
10 min, by glacial acetic acid (3 c.c.) and ethanol (30 c.c.). The precipitate was collected after 
3 days at 0° and shaken with water (60 c.c.), giving sodium dialurate (1-51 g., 36%), which was 
shaken 10 min, with 2n-sulphuric acid (10 c.c.), with exclusion of air, to give dialuric acid 
monohydrate (1-15 g., 28%, overall yield) as rods, which gave the anhydrous compound when 
dried at room temperature in a high vacuum (Loss in wt., 10%. Calc. for CgH,O,N,,H,O: 11-1%,. 
Found: C, 33-1; H, 3-1; N, 193. C,H,O,N, requires C, 33-3; H, 2-8; N, 194%). When 
heated slowly from an initial temperature of 150° the menohydrate became red above 180° 
but as described by Tipson and Cretcher,** did not melt up to 350°, When heated rapidly 
from an initial temperature of 200° the compound melted with decomposition at 210-215’; 
this m. p. is the one usually given in the literature. On titration with 0-1Nn-iodine the compound 
reacted with 0-96 mol, per mol, 

lor comparison, sodium dialurate was prepared from a solution of commercial dialuric acid 
in excess of aqueous sodium hydroxide by addition of acetic acid, and was converted into dialuric 
acid as described above. The product showed the same m. p. behaviour, alone or in admixture, 
and consumed 0-97 mol, of iodine per mol. The infrared spectra of the two samples were 
virtually identical, and closely resembled that given by Tipson and Cretcher. 

4:5: 6-Trihydroxy-2-mercaptopyrimidine.-Prepared by substituting thiourea for urea in 
the above synthesis, the mercaptopyrimidine separated as a yellow powder (24%), decomposing 
slowly above 200° (Found: C, 30-0; H, 2-9; N, 17-1. C,H,O,N,S requires C, 30-0; H, 2-5; 
N, 17:5%) 

4: 6-Dihydroxy-2-methyl-5-tetrahydropyvan-2'-yloxypyrimidine.—-Prepared from acetamidine 
as described for the corresponding 2-amino-compound, except that heating was for 2 hr., the 
pyrimidine (75%, yield) separated as a microcrystalline powder on neutralisation of its solution 
in 1i-sodium hydroxide with acetic acid; it did not melt (Found: C, 52-8; H, 64; N, 12-5 
Cyl ON, requires C, 53-1; H, 6-2; N, 12-4%). 

4:5: 6-Trihydroxy-2-methylpyrimidine.—After hydrolysis of the above ether by boiling 
10%, acetic acid (30 c.c. per g.) for 30 min., the rihydroxypyrimidine separated on cooling as 
parallelograms (82%) with no m, p. (Found: C, 41-8; H, 46; N, 19-5. C,H,O,N, requires 
C, 42:3; H, 43; N, 19-7%) 


*” Tak, Annalen, 1939, 687, 291 
*! Tipson and Cretcher, /. Org. Chem., 1951, 16, 1091 
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4: 6 Dihydroxy-2-phenyl-5-tetrahydropyran-2'-yloxypyrimidine.— Prepared from benzamidine, 
with heating under reflux for 16 hr., the pyrimidine (30% yield) separated as a yellow micro- 
crystalline powder, m. p, 165° (decomp.), on neutralisation of its solution in N-sodium hydroxide 
with acetic acid (Found: C, 62-8; H, 5-5; N, 10:2. C,,H,,O,N, requires C, 62-5; H, 5-6; 
N, 9-7%). 

4:5: 6-Trihydroxy-2-phenylpyrimidine._Prepared by hydrolysis of the above ether with 
boiling 10% acetic acid (15 c.c. per g.; 30 minutes’ heating) the trihydroxyphenylpyrimidine 
was obtained as yellow rods (94%) (from ethanol), decomp. > 230° (Found: C, 56-9; H, 4:5; 
N, 13-2. C,,H,O,N,,4H,O requires C, 56-3; H, 4:3; N, 13-1%), 

4: 6-Dihydroxy-5-tetrahydropyran-2’-yloxypyrimidine._-To a solution of sodium ethoxide 
prepared from sodium (4-6 g.) and absolute ethanol (150 c.c.) were added tetrahydropyran-2- 
yloxymalondiamide (20-2 g.) and ethyl formate (11 g.). The mixture was heated under reflux 
for 24 hr., cooled, and diluted with water (200c.c.). After evaporation under reduced pressure to 
about 100 c.c., the solution was washed with ether and treated with glacial acetic acid (12 c.c.), 
giving the pyrimidine (13-5 g., 64%) which was purified by neutralisation of its alkaline solution 
with acetic acid and did not melt (Found: C, 50-9; H, 59; N, 13:1. C,H,,O,N, requires 
C, 50-9; H, 5-7; N, 132%). 

4:5: 6-Trihydroxypyrimidine.—Hydrolysis of the above ether by boiling 10% acetic acid 
(40 c.c. per g.) for 30 min, gave 4: 5: 6-irthydroxypyrimidine (56%, yield) as a microcrystalline 
buff powder, with no m, p. (Found: C, 37-4; H, 3-6; N, 21-3, C,H,O,N, requires C, 37-5; 
H, 3-2; N, 219%) 


The authors thank Dr. R. E. Bowman for suggesting the application of tetrahydropyranyl 
ethers to the synthesis of 5-hydroxypyrimidines, and for many helpful discussions. They are 
also indebted to Dr, Aaron Bendich of the Sloan-Kettering Institute, New York, for a sample of 
vicine, and to Miss E. M. Tanner for the measurements of absorption spectra and potentio- 
metric titrations. Microanalyses are by Mr. A. J. Durre 
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417. Pteridine Derivatives. Part 11.* Methylation of 
2: 4-Dihydroxy-6- and -7-phenylpteridine, and Related Topics. 


By G. P. G. Dick, H. C. S. Woop, and (in part) W. R. Locan. 


Unequivocal syntheses of 1: 2:3: 4-tetrahydro-1 : 3-dimethyl-2 ; 4-di 
oxo-6-phenylpteridine (I; R = Ph, R’ H) and the 7-phenyl isomer (I; 
R H, R’ = Ph) have been carried out. Alkaline degradation of these 
N-alkylpteridones leads to pyrazine derivatives, The condensation of 
5 : 6-diaminouracil and phenylglyoxal has been re-investigated, and the 
nature of the products obtained by Ganapati! and by Weijlard, Tishler, 
and Erikson? has been established. The methylation of these substances 
has been studied. The condensation of aminomalonamide and phenylglyoxal 
has been re-investigated and the product, m. p. 252-253”, has been identified 
as 3-hydroxy-5-phenylpyrazine-2-carboxyamide, Unambiguous structures 
have been established for the pteridines obtained by condensation of 
2:4: 5-triamino-6-hydroxypyrimidine with ww-dichloroacetophenone, with 
phenylglyoxal, and with w-nitroacetophenone 


Tue structures which have been assigned 4*4 to certain derivatives of 6- and 7-phenyl- 
pteridine are not completely unambiguous. This paper presents evidence leading to 
unequivocal structures for these compounds. Condensation of an o-aminonitroso- 
pyrimidine with carbonyl compounds possessing a reactive a-methylene group has been 


* Part I, J., 1955, 1379. 

' Ganapati, /. Indian Chem. Soc., 1937, 14, 627 

* Weijlard, Tishler, and Erikson, |. Amer. Chem c., 1945, 67, 802 
* King and Spensley, /., 1952, 2144 
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shown to give pteridines of unambiguous structure. Addition of 4-amino-1 : 3-dimethyl- 
§-nitrosouracil (11) to excess of refluxing phenylacetaldehyde gave 1: 2: 3 : 4-tetrahydro- 
| : 3-dimethyl-2 : 4-dioxo-6-phenylpteridine (1; K = Ph, R’ =H), m. p. 251—253°. 
Similar condensation of acetophenone gave the 7-phenyl isomer (I; R =H, RK’ = Ph), 
m. p. 208—300°. The latter material was identical with that obtained from condensation 
of phenylglyoxal and 5 : 6-diamino-1 : 3-dimethyluracil in the presence of sodium hydrogen 
sulphite. This compound was also obtained by diazomethylation of 2 : 4-dihydroxy-7- 
phenylpteridine, which was prepared by condensation of phenylglyoxal and 5 ; 6-diamino- 
uracil in ammoniacal solution,” or (better) in the presence of sodium hydrogen sulphite. 
Hitherto, it has been generally accepted that when these aldehyde-binding reagents are 
used the alkyl or aryl group will be in the 6-position. One exception to this rule has 


already been reported,® 
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Ganapati ' has described the condensation of phenylglyoxal with 5 : 6-diaminouracil in 
dilute acetic acid, followed by diazomethylation of the product to give a dimethy! deriv- 
ative, m. p. 278°. Repetition of this experiment gave an apparently homogeneous 
product, m. p. 237-—238°. This material was also obtained by condensation of pheny]- 
glyoxal with 5 : @-diamino-1 : 3-dimethyluracil in 10° hydrochloric acid, thus establishing 
the NN-methylation. A mixture of 1: 2:3: 4-tetrahydro-1 : 3-dimethyl-2 : 4-dioxo-6 
phenylpteridine (2 parts) and the 7-phenyl isomer (1 part) formed a complex, m. p. 236 
238°. A similar complex, m. p. 278°, was obtained by mixing the 6-pheny! compound 
(1 part) and the 7-phenyl isomer (2 parts). We believe the materials obtained by 
(,anapati ? and by us to be of this nature. 

rhe constant solubility, ultraviolet absorption spectrum, and m. p. of the mixed 
dimethyl derivatives, through successive recrystallisation, together with the failure of 
routine paper chromatography to separate these isomers, is worthy of note in a series 
where much reliance is placed upon these criteria.® 

The ease with which N-alkylpteridones can be degraded with dilute alkali is well 
known.”® 1:2: 3: 4-Tetrahydro-1 : 3-dimethyl-2 : 4-dioxo-6-phenylpteridine (I; R 
Ph, R’ = H) showed surprising stability to aqueous alkali, but gave a quantitative yield 
of 3-methylamino-6-phenylpyrazine-2-carboxymethylamide (III; R = Ph, R’ = H) when 
refluxed with ethanolic 0-I1N-potassium hydroxide. Similar treatment of the 7-phenyl 
isomer (1; RH, R’ = Ph) gave 3-methylamino-5-phenylpyrazine-2-carboxymethyl- 
amide (II1; R =H, R’ = Ph). More drastic hydrolysis of the pteridones (I) or the 
methylamides (III) gave the corresponding 3-methylamino-5- and -6-phenylpyrazine-2- 
carboxylic acid. 

Condensation of aminomalonamide with phenylglyoxal has been shown ® to give 3 
nydroxy-5(or 6)-phenylpyrazine-2-carboxyamide, m. p. 213-—216° (decomp.). We obtained 
from this reaction a compound, m. p. 252—253° (decomp.), in poor yield, and this has been 
identified (see below) as 3-hydroxy-5-phenylpyrazine-2-carboxyamide. The material 
obtained by Jones is presumably the 6-phenyl isomer. A similar condensation between 
aminomalonamide and methylglyoxal !® gave 3-hydroxy-5-methylpyrazine-2-carboxy 
amide, whereas earlier work by Jones *® had given the 6-methyl compound. The use of 

* Timmis, Nature, 1949, 164, 139 

® Albert, Quart, Reviews, 1952, 6, 227; Albert, Brown, and Wood, J., 1954, 3832. 

* Albert, Brown, and Cheeseman, /., 1951, 474 

’ Wood, “ Ciba Symposium on the Chemistry and Biology of VPteridines,"’ Churchill, London, 
1054, p. 35; Albert, Brown, and Wood, /., 1956, 2066 

Taylor, |. Amer, Chem. Soc., 1952, 74, 2380 


a 
* Jones, ibid, 1949, 71, 80 
” Dick and Wood, /., 1955, 1379 
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aldehyde-binding reagents in this type of condensation has already been reported,’ and, 
as expected, sodium hydrogen sulphite facilitated the reaction between aminomalonamide 
and phenylglyoxal, and 3-hydroxy-5-pheny!pyrazine-2-carboxyamide was obtained in the 
absence of the usual basic catalyst. 
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3-Hydroxy-5-phenylpyrazine-2-carboxyamide was hydrolysed to the acid, m. p. 217° 
(decomp.), the methyl ester of which with phosphorus oxychloride gave 3-chloro-2-methoxy- 
carbonyl-5-phenylpyrazine (IV). Reaction of the chloro-ester with alcoholic methyl- 
amine at 140° gave 3-methylamino-5-phenylpyrazine-2-carboxymethylamide (II]; R = H, 
R’ = Ph). This material was identical with that obtained by alkali degradation of 
1: 2:3: 4-tetrahydro-1 : 3-dimethyl-2 : 4-dioxo-7-phenylpteridine (I; R H, R’ = Ph). 
This establishes the position of the phenyl group in the above pyrazine derivatives. 

King and Spensley* reported the synthesis of 2-amino-4-hydroxy-6-phenylpteridine 
(V; R=Ph, R’ =H) from 2:4: 5-triamino-6-hydroxypyrimidine and ww-dichloro- 
acetophenone, and of the 7-phenyl isomer (V; RK =H, R’ = Ph) from the triamino- 
hydroxypyrimidine and either phenylglyoxal or -nitroacetophenone. The structure of 
these pteridines was not conclusively proved, and rests upon the characteristic colour given 
by 5-aminopyrimidine derivatives with the Folin-Denis reagent. Alkaline degradation of 
these pteridines gave 3-hydroxy-6-phenylpyrazine-2-carboxylic acid, m. p. 200° (ethyl 
ester, m. p. 158—159°), and the 5-pheny! isomer, m. p. 208—-209° (ethyl ester, m. p. 112) 
The latter acid appears to be identical with that, m. p. 217° (ethyl ester, m. p. 112—114*), 
obtained by us from 3-hydroxy-5-phenylpyrazine-2-carboxyamide. 

We have repeated the condensation of 2: 4: 5-triamino-6-hydroxypyrimidine with 
ww-dichloroacetophenone, with phenylglyoxal, and with «w-nitroacetophenone, and we 
find the product in each case to be 2-amino-4-hydroxy-6-phenylpteridine (V; R = Ph, 
R’ = H). The infrared spectra of these products were identical and different from that 
of the 7-phenyl isomer (V; R =H, R’ = Ph) prepared by condensation of 3-chloro-2- 
methoxycarbonyl-5-phenylpyrazine (IV) and guanidine carbonate (cf. ref. 10), The infra- 
red spectrum of a specimen of “ 2-amino-4-hydroxy-7-phenylpteridine " kindly supplied by 
Dr. P. C. Spensley was identical with that of our 6-pheny! isomer (V; R = Ph, R’ = H) 
and different from that of the authentic 7-phenyl compound. The Schiff’s base formed 
by condensation of the triaminohydroxypyrimidine and w-nitroacetophenone gave no 
colour with the Folin-Denis reagent. Cyclisation of the anil with sodium dithionite, 
followed by alkaline degradation of the pteridine, gave 3-hydroxy-6-phenylpyrazine-2 
carboxylic acid, m. p. 200° (ethyl ester, m. p. 158-159"). 


EXPERIMENTAL 


Paper Chromatography.—Chromatograms were prepared by the ascending method with 
(separately) aqueous ammonium chloride (3%) and butanol-5n-acetic acid (7: 3), and viewed 
in ultraviolet light of wavelengths 254 and 365 mu 

Mixed Dimethyl Compounds (1), M. p. 237--238°.-(a) Phenylglyoxal was condensed with 
5 : 6-diaminouracil © in acetic acid as described by Ganapati." The product was recrystallised 
from aqueous ethanol or (better) NN-dimethylformamide to give orange-yellow needles, m. p. 

> 300°. The solubility in these solvents, and the ultraviolet spectrum (in 0-1n-sodium 
hydroxide) were constant. Only one spot was obtained on paper chromatography in the above 
solvent systems, 

This material was treated with diazomethane (8 equivs.) in ether,’ methanol being added to 
initiate the reaction. The product was recrystallised from 80%, formic acid, giving pale yellow 
needles, m. p. 237-—-238° (Ganapati ' gives m. p. 278°) (Found: C, 62-4; H, 45; N, 20-7%) 


1! Bogert and Davidson, /. Amer. Chem. Soc., 1933, 56, 1668 
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(6) 5: 6-Diamino-1 :; 3-dimethyluracil * (1 g.) was dissolved in a mixture of 10% hydro- 
chloric acid (25 c.c.) and ethanol (15 c.c.), and phenylglyoxal hydrate (1 g.) was added. The 
solution was refluxed for 1 hr., then cooled, and the product collected. Recrystallisation from 
80%, formic acid (15 c.c.) gave pale yellow needles (1-3 g., 83%), m. p. 237—238°. 

1: 2:3: 4-Tetrahydvo-\ : 3-dimethyl-2 : 4-dioxo-7-phenylpleridine.—(a) Acetophenone (10 g.) 

nd 4-amino-1l ; 3-dimethyl-5-nitrosouracil # (1 g.) were refluxed gently for 30 min. During 
this period an acetophenone~water mixture was allowed to distil off, and the volume was restored 
with fresh acetophenone (ca, 3 c.c.). The dark mixture was cooled, and ether (50 c.c.) added. 
Next morning the solid was collected, washed with ether, and dried, to give a tan powder (0-5 g., 
35% Recrystallisation from 80°, formic acid (charcoal) gave 1: 2: 3: 4-tetrahydro-\ : 3-di 
méthyl-2 ; 4-dioxo-1-phenylpteridine as yellow needles, m. p. 298—-300° (Found : C, 62-6; H, 4-3; 
N, 20-5. CH yO,N, requires C, 62-7; H, 4:5; N, 20-9%). 

(b) To phenylglyoxal hydrate (2 g.) in water (25 c.c.) was added a solution of sodium 
hydrogen sulphite (d 1-34; 15 c.c.), and the mixture was set aside for lhr. 5: 6-Diamino-1 : 3- 
dimethyluracil (2 g.) and sodium sulphite (hydrated; 8 g.) in water (100 c.c.) were added, and 
the solution was refluxed for 40 min, On cooling, the dimethylpteridone crystallised rapidly. 
Kecrystallisation from 80% formic acid gave pale yellow needles, m. p. and mixed m. p, 299-300”. 

(c) A similar condensation was carried out with 5: 6-diaminouracil sulphate (2 g.), the 
solution being refluxed for hr, Acetic acid was added to pH 4—-5; 2: 4-dihydroxy-7-phenyl- 
pteridine (2-5 g., 87%) crystallised as cream needles, m. p. >300°. 

This material (2 g.) was stirred for 1 hr. with 8 equivs. of diazomethane (from 21 g. of toluene 
p-sulphonylmethylnitrosamide “) in ether-methanol; vigorous evolution of nitrogen took 
place. Next morning the product was collected and recrystallised from 80% formic acid, to 
give the pteridone (2 g., 90%), m, p. and mixed m. p. 299-300". 

(d) Phenylglyoxal was condensed with 56: 6-diaminouracil in ammoniacal solution as 
described by Weijlard, Tishler, and Erikson? The crude product was treated with diazo 
methane as above, to give the dimethylpteridone (from 80% formic acid), m. p. and mixed m. p 
299-—300° 

1: 2:3: 4-Tetrahydro-1 ; 3-dimethyl-2 : 4-dioxo-6-phenylpleridine.—-Phenylacetaldehyde (5 g.) 
was refluxed gently and 4-amino-1 ; 3-dimethyl-5-nitrosouracil (0-5 g.) was added slowly. After 
refluxing for 25 min., the mixture, which was dark red, was cooled and ether was added. The 
orange-yellow solid (0-32 g., 41%) which separated was collected next morning and washed with 
ether, Recrystallisation from 80% formic acid gave 1: 2: 3: 4-tetrahydro-1 : 3-dimethyl-2 : 4- 
lioxo-6-phenyl pteridine as lemon-yellow needles, m, p. 251-—-253° (Found: C, 62-9; H, 4:3; N, 
20-8% 

Hydrolysis of 1: 2:3: 4-Tetrahydro-\ : 3-dimethyl-2 : 4-dioxo-71-phenylpteridine.-(a) The di 
methylpteridone (0-2 g.) was dissolved in boiling ethanol (200 c.c.) and warm 0-3n-ethanolic 
potassium hydroxide (100 c.c.) was added with shaking. After refluxing for 15 min., the 
solution was cooled and neutralised by acetic acid (1-7 ¢.c.), The ethanol was removed in vacuo, 
and the yellow residue suspended in water and extracted with chloroform (3 x 50 c.c.), The 
combined extracts were dried (MgSO,) and evaporated to give < yellow solid. Crystallisation 
from light petroleum (b. p. 60-——80°) gave yellow needles of 3-methylamino-5-phenylpyrazine-2 

avboxymethylamide (99%), m. p. 112-—-114° (Found: C, 64-7; H, 5-7; N, 23-1. C,,sH,,ON, 
requires C, 644; H, 5-8; N, 23-1%). 

(b) The pteridone (1-05 g.) and sodium hydroxide (1 g.) in ethanol (35 c.c.) were heated in a 
steel bomb at 200° for 16 hr. After cooling, water (50 c.c.) was added, and the ethanol 
evaporated. The hot solution was filtered, concentrated hydrochloric acid was added to pH 4, 
ind the yellow precipitate was collected after chilling. 3-Methylamino-5-phenylpyrazine-2 

wbhoxylic acid (0-16 g., 80%) recrystallised from ethanol as needles, m. p, 178-—179° (decomp.) 
(methyl ester, m. p. 134——-135°) (Found: C, 62-7; H, 4:5; N, 18-2. C,,H,,O,N, requires C, 
62:9; H, 4-8; N, 183%). 

his acid was also obtained in 85% yield on similar hydrolysis of 3-methylamino-5-phenyl- 
pyrazine-2-carboxymethylamide 

Hydrolysis of 1: 2:3: 4-Tetrahydro-1 : 3-dimethyl-2 : 4-dioxo-6-phenylpteridine,——(a) The di 
methylpteridone was hydrolysed with 0-1n-ethanolic potassium hydroxide as above, to give 
3-methylamino-6-phenylpyrazine-2-carboxymethylamide (98%) as yellow needles (from light 
petroleum), m. p, 92—04° (Found: C, 64-5; H, 5-8; N, 23-3%) 

peer and Raymond, ibid., 1953, 7§, 114 


’ Traube, Ber., 1900, 33, 3035 
* ftoer and Backer, Re Trav. chim., 1954, 73, 229 
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(b) Hydrolysis of the pteridone or of the methylamide with ethanolic sodium hydroxide at 
140° gave 3-methylamino-6-phenylpyrazine-2-carboxylic acid (100%) as yellow needles (from 
methanol), m. p. 173-—-174° (methyl ester, m. p. 140-—141°) (Found: C, 63-2; H, 46; N, 
18-5%). 

3-Hydroxy-5-phenylpyrazine-2-carboxyamide,-Phenylglyoxal hydrate (5-4 g.) in water (25 
c.c.) was treated with aqueous sodium hydrogen sulphite (d 1-34; 50 c.c.), and the mixture was 
kept at room temperature for 45 min. Aminomalonamide ” (3-9 g.) in water (30 c.c.) was 
added, and the cloudy solution was heated on the steam-bath for 2-5 hr., during which a yellow 
crystalline precipitate separated. This was collected, washed with water and ethanol, and 
dried, Recrystallisation from ethanol gave 3-hydroxy-5-phenylpyrazine-2-carboxyamide (4-81 g., 
62%) as yellow needles, m. p. 252—253° (decomp.) (Found: C, 61:7; H, 43; N, 193, 
C,,H,O,N, requires C, 61-4; H, 4-2; N, 19-5%). 

The same product, in much smaller yield, was obtained when the condensation was carried 
out as described by Jones.* 

3-Hydroxy-5- phenylpyrazine -2-carboxylic Acid.—3-Hydroxy -5- phenylpyrazine-2-carboxy - 
amide was hydrolysed with ethanolic sodium hydroxide at 150° for 16 hr. as described above for 
the degradation of 1 : 2: 3: 4-tetrahydro-1 ; 3-dimethyl-2 : 4-dioxo-7-phenylpteridine, 3-Hydr- 
oxy-5-phenylpyrazine-2-carboxylic acid (93%) was isolated in the usual way and recrystallised 
from ethanol as yellow needles, m. p. 217° (decomp.) (Found: C, 60-9; H, 3-5; N, 13-0, Cale, 
for C,,H,O,N,: C, 61:1; H, 3-7; N, 13-0%). This acid gave a mid-blue fluorescence in ultra- 
violet light. King and Spensley * report a similar fluorescence and m, p. 208—-209° (decomp.). 

The acid was converted into the ethyl ester which was obtained as prisms, m. p. 112—114° 
(Found : C, 63-5; H, 47; N, 11-7. Calc. for C,,H,,O,N,: C, 63-9; H, 5-0; N, 11-56%). King 
and Spensley * report m. p. 112°. 

3-Hydroxy-2-methoxycarbonyl-5-phenylpyrazine,—3-H ydroxy-5-phenylpyrazine - 2- carboxylic 
acid (2-75 g.) in dry boiling methanol (150 c.c.) was treated with dry hydrogen chloride until it 
had completely dissolved (about 20 min.), and the clear orange solution was refluxed for a 
further 2 hr. When the mixture was cooled, the ester was deposited as white prismatic needles, 
The acidic mother-liquors were concentrated in vacuo to ca, 75 c.c., water (75 c.c.) was 
added, and the solution was neutralised with ammonia (d 0-88), the temperature being kept 
below 10°. The solution was extracted with chloroform (4 x 100 c.c.) and the combined 
extracts after drying (sodium sulphate) were evaporated in vacuo to give a yellow solid. 
Crystallisation from methanol (charcoal) gave a second crop of the ester (total yield 2-7 g., 92%). 
A sample recrystallised from chloroform—methanol had m. p, 172-—173° (Found: C, 62-7; H, 
4:3; N,12-4, C,,H,,O,N, requires C, 62-6; H, 4-4; N, 12-2%). 

3-Chlovo-2-methoxycarbonyl -5-phenylpyrazine,—3- Hydroxy - 2-methoxycarbony] - 5-pheny!- 
pyrazine (1 g.) and redistilled phosphorus oxychloride (14 ¢.c.) containing one drop of con- 
centrated sulphuric acid were mixed in a Carius tube. The mixture was heated at 115° (bath) 
for 30 min. ; evolution of hydrogen chloride had then ceased. The tube was sealed and heated 
at 155° for 6hr. The cooled mixture was poured on cracked ice (150 g.) and stirred for 30 min, 
The product which separated was collected, washed with water, and dried (0-04 g., 87%). 
Recrystallisation from chloroform—methanol and finally from methanol gave the chloro-ester 
as prisms, m. p. 81—83° (Found: C, 57-5; H, 3-5; N, 11-4; Cl, 13-9. C,,H,O,N,Cl requires 
C, 57-9; H, 3-6; N, 11-3; Cl, 143%). 

3-Methylamino-5-phenylpyrazine -2-carboxymethylamide.—3-Chloro-2-methoxycarbonyl -5- 
phenylpyrazine (0-1 g.) and 33% ethanolic methylamine (2 c.c.) were heated in a Carius tube at 
140° for 6 hr. The yellow solution was evaporated to dryness in vacuo, absolute methanol was 
added, and the soluticn again taken to dryness, leaving a yellow residue which was extracted 
with chloroform (3 x 10¢.c.). The combined extracts were concentrated and, on the addition 
of light petroleum (b. p. 60—80°), 3-methylamino-5-phenylpyrazine-2-carboxymethylamide 
(65 mg., 67%) crystallised as yellow needles, m. p. 112--113°. A mixed m. p, with the methyl- 
amide obtained by degradation of 1: 2:3: 4-tetrahydro-1 ; 3-dimethyl-2 ; 4-dioxo-7-phenyl- 
pteridine showed no depression, 

2-Amino-4-hydroxy-1-phenylpteridine.—An intimate mixture of 3-chloro-2-methoxycarbonyl- 
5-phenylpyrazine (0-2 g.) and guanidine carbonate (0-5 g.) was heated at 170-—180° for 30 min. 
with occasional stirring, The yellow mixture was cooled, and warm water (40 c.c.) was added. 
The resulting suspension was heated to 95°, and acetic acid was added to pH 4—5, further 
precipitation taking place. The pale yellow solid was collected at 90--100°, washed with water, 
ethanol and ether, and dried, to give 2-amino-4-hydroxy-7-phenylpteridine (170 mg., 88%), 
m. p. >300°. The material was purified by dissolving it in hot 2n-sodium hydroxide, and 
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reprecipitating it with acetic acid at 95—-100°, and was dried at 135° (Found: C, 59-9; H, 3-8; 
N, 29-4, Calc. forC,,H,ON,: C, 60-2; H, 3-8; N, 29-3%). 

2-Amino-4-hydroxy-6-phenylpteridine,—(a) 2: 4: 5-Triamino-6-hydroxypyrimidine _ re- 
acted with uxw-dichloroacetophenone as described by King and Spensley,* to give 2-amino-4- 
hydroxy-6-phenylpteridine, 

(6) 2: 4: 6-Triamino-6-hydroxypyrimidine was condensed with phenylglyoxal as described 
by King and Spensley * for the preparation of the 7-phenyl isomer. The infrared spectrum of the 
purified product was identical with that of the material prepared from aw-dichloroacetophenone, 
and different from the spectrum of the authentic 2-amino-4-hydroxy-7-phenylpteridine 
prepared as above, 

(c) 2: 4: 5-Triamino-6-hydroxypyrimidine dihydrochloride (5 g.) was treated with w-nitro- 
acetophenone (4 g.) in aqueous buffer, giving an orange solid (4-52 g., 63%). 2: 4-Diamino-6- 
hydvoxy-b-(2-nitro-\-phenylethylideneamino) pyrimidine was obtained from 50% ethanol as orange 
needles, m, p, > 300°, which gave no colour in ammoniacal solution with the Folin—Denis reagent 
(Found; C, 47-2; H, 44; N, 27-8. C,,H,,O,N,,H,O requires C, 47-1; H, 46; N, 27-5%). 

The Schiff's base was cyclised by treatment with sodium dithionite as described by King and 
Spensley, to give 2-amino-4-hydroxy-6-pheny]pteridine, identical with the material prepared as 
in (a) and (5), 

Degradation of this pteridine with 4n-sodium hydroxide at 170° for 24 hr. gave 3-hydroxy-6- 
phenylpyrazine-2-carboxylic acid, m. p. 200° (decomp.) (ethyl ester, m. p. 158—159°). In 
dilute acid solution this acid gave a brilliant pale green ultraviolet fluorescence, distinct from 
that of the isomeric phenylpyrazine; the mixed m., p. with the latter was 187—-190°. 


lhe authors thank Professor F. E. King, F.R.S., and Dr. P. C. Spensley for their co- 
operation and valuable discussion. They are also grateful to Dr. A. C, Syme, Mr. W. 
McCorkindale, and Miss Norma Caramando for the microanalyses, and to Dr. G. Eglinton and 
Dr. 5. ¥, Mason for the infrared spectra, 
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418. Arrhenius Parameters of Some Reactions involving 
Multiplicity Changes. 
By DouGias CLarK and H. O. PritcHarn. 


Arrhenius parameters have been determined for the thermal decom 
position in the presence of toluene of hexafluoroazomethane, acetone, 
trifluoroacetone, acetophenone, trifluoroacetophenone, benzophenone, and 
dibenzyl ketone; high frequency factors were observed for compounds 
containing aryl groups. A possible explanation of this phenomenon is 
uggested., 


IN compounds of the type R,X where the R-X bond is relatively weak, there are two 
possible free-radical decomposition mechanisms or modes. These are 


R,X ——» RX: + R: 4,4 eee 


followed by 

RX+ ———@ KK + X ‘ ree cule: wihets Sie 
or alternatively 

RX ——tm Re + Re + X ' ee ee (2) 


Ihe second possibility is important as the activation energy of process (1b) is generally 
small, because during this dissociation the system X can revert from its bivalent to its 
zero-valent state; hence, decompositions by either mechanism will differ little in activation 
energy and, if their frequency factors differ suitably, they may even occur simultaneously 
in the experimental temperature range. In general, reaction (2) will have a high frequency 
factor offsetting to some extent its higher activation energy, and the high frequency factors 
which occur in the thermal decomposition of the mercury alkyls have been explained in 
terms of the simultaneous occurrence of both modes of decomposition.’ We now present 


* Pritchard, J]. Chem. Phys., 1956, in the press 
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results ior a series of other molecules, all showing this feature of a multiplicity change 
during the reaction which renders their thermochemistry qualitatively similar to that of 
the alkylmercury molecules; their behaviour is also similar, the decompositions having 
a normal frequency factor (104—10™ sec.-') when R is small, but a much larger one 
(10'°—10!7 sec.) when R is a large group. 


EXPERIMENTAI 

Materials.__Sulphur-free toluene was twice pyrolysed at about 840° and then fractionated 
over phosphoric oxide. The main fraction boiling over a range of 0-04° was degassed by 
repeated bulb-to-bulb distillation in vacuo before use. Hexafluoroazomethane was prepared 
by heating equal quantities of iodine cyanide and iodine pentafluoride; details are given else 
where.* Trifluoroacetophenone, prepared by the reaction of trifluoroacetyl chloride with 
benzene in carbon disulphide at 5°, aluminium trichloride being used as catalyst,® had b. p 
85-6°/32 mm. [2: 4-dinitrophenylhydrazone, m. p. 92-0-—92-5° (Found; F, 32-5, Calc. for 
C,H,OF,: F, 32-8%))]. Trifluoroacetone, obtained from Caribou Chemical Co, (Columbus, 
Ohio), was dried, distilled, and degassed before use, Acetone ( AnalaR’’) was fractionated 
over anhydrous magnesium sulphate and degassed before use. Commercial acetophenone was 
distilled and repeatedly fractionally frozen. Commercial benzophenone, m. p, 480° (sharp), 
was used. Dibenzyl ketone, supplied commercially as a brown liquid, was fractionally frozen and 
crystallised from light petroleum; the product (colourless needles, m. p. 34-0°) was stored in 
the dark 

Apparatus and Procedure.—The toluene carrier technique has been described, together with 
the modifications for gases or involatile solids;* our procedure followed these except for the 
use of quartz capillaries instead of quartz wool as a test for heterogeneity.® A toluene pressure 
of 13 + 1 mm, was used and the reactant pressure kept at about 1% of this value once the 
first-order nature of the decomposition had been demonstrated. The extent of reaction was 
determined from the amount of nitrogen or carbon monoxide collected. In the case of hexa 
fluoroazomethane, nitrogen was the only non-condensable gas produced, but at the high 
temperatures needed with the ketones small quantities of methane and hydrogen were produced 
from the toluene; the amount of carbon monoxide formed was therefore determined by 
oxidation with iodine pentoxide at 125°, which does not affect hydrogen or methane. For 
trifluoromethyl compounds the percentage decomposition was checked by measuring the 
amount of fluoroform produced. 


DISCUSSION 


The results are shown in the Figure, and the Arrhenius parameters determined from 
them by the method of least squares are listed in Table 1; the molecules studied behave 
like mercury dialkyl analogues in that high frequency factors occur when large groups 


TABLE | 


Activation Frequency 


Activation Frequency 
factor 


energy factor energy 

Compound (kcal. /mole) (sec.~*) Compound keal, /mole) (see 

Azomethane ¢ ‘ 46-0 15 «x 10% Acetophenone — 

Hexafluoroazomethane ... 48-5 90 x 10 ~= Trifluoroacetophenone ... 
Acetone * 14x 10%* Benzophenone 

30 x 10" #3 Dibenzyl ketone 


(6b) Professor } Szwarc (personal 


ol 

1-4 
14 
1-6 


(a} Data from Page, Pritchard, and Trotman-Dickenson.* 
communication) reports E = 72 kceal./mole, A 2-4 x 10" sec. 


present. Further discussion is restricted by lack of reliable thermochemical data; the are 
following heats of formation of radicals (A//,) are accepted in this paper: CH,', 32-6; 
C,H, 69; C,H,CH,*, 37-5; CH,CO-, —11-8; C,H,°CO-, 15-6 keal./mole. The only 


* Pritchard, Pritchard, Schiff, and Trotman-Dickenson, Trans. l’avraday Soc., 1956, in the press 

* Simons and Ramler, J. Amer. Chem. Soc., 1943, 65, 389 

* Sehon and Szwarc, Proc. Roy. Soc., 1950, A, 202, 263; Szwarc, Ghosh, and Sehon, J. Chem, Phys., 
1950, 18, 1142; Leigh, Sebon, and Szwarc, Proc. Roy. Soc., 1961, A, 209, 91 

® Clark, Pritchard, and Trotman-Dickenson, /., 1954, 2633 

* Page, Pritchard, and Trotman-Dickenson, /., 1963, 3878 


2138 Clark and Pritchard: Arrhenius Parameters of 


figure needing comment is that for’the phenyl radical which Pritchard! took as 
748 keal./mole, this being the only literature value which does not require the critical 
energy of activation (e*) for diphenylmercury to exceed the heat of the reaction; however, 
as this work has revealed some reactions where this obviously is the case, we now adopt a 
more generally accepted value for the C-H dissociation energy in benzene.’ 

Despite the limitation in thermochemical data, several interesting features of reactions 
involving multiplicity changes emerge. 

J}. Effect of Fluorine Substitution.—Our results show that the replacement of CH, by 
CF, has very little effect on either the activation energy or the frequency factor. The 
latter observation does not support the contention that the effective number of oscillators (s) 
contributing to the reaction should increase with the physical mass of the end groups; ! 
thus the value of s is determined predominantly by the complexity of the end groups. 


Arrhenius plots of some reactions involving multiplicity changes 
’ T T ” T _ pe —— -_ T 7 


\ 


A. ad. 
110 1-16 
(10°/ T)+x 
, Benzophenone (¥ 0); B, acetone (¥ ); C, trifluoroacetone (+ +004); D, acetophenone 


(* +008); KE, trifluoroacetophenone | +012); KF, dibenzyl ketone (* 0); G, hexa- 
fluoroazomethane (4 0-15) 


090° ”»~—Ssa0. 98 


2. Reactions in which e* is greater than AH.—For azomethane,® the sum (D, +- D,) of 
the two C-N dissociation energies has been estimated at about 22 kcal., compared with the 
observed value of EF «= 46 kcal.; hexafluoroazomethane is presumably a similar case. This 
phenomenon is most marked in the decomposition of dibenzyl ketone. From combustion 
measurements * AH, for gaseous dibenzyl ketone is 1-0 kcal./mole, whence (D, + D,) 
17-6 kcal. ‘This is very substantially less than the observed activation energy of 72 kcal., 
and the occurrence of an extremely high A-factor suggests that e* is significantly greater 
than 72 keal. (cf. ref. 1). Benzyl methyl ketone is similar: using AH; = 22-6,° we find 
(D, + D,) == 663 kcal., whereas the observed rate constant of decomposition ™ is 
x 10°® exp (—68-2/R7) sec.'. Thus the observed E is probably a little larger than 
(D, + D,) and, in view of the high frequency factor, e* is substantially greater than 
(D, + D,). It appears that this is not an isolated phenomenon and we are now inclined 
to add diphenylmercury to the list of cases of its occurrence; it was shown ! that e* has 


’ Chernick, Skinner, and Widso, Trans. Faraday Soc., 1956, in the press 
* Springall and White, /., 1954, 2764; White, Ph.D. Thesis, Manchester, 1951 
* Nicholson, Szwarc, and Taylor, /., 1954, 2767 


’ Taylor, Ph.D. Thesis, Manchester, 1953 
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to be of the order of 74 keal. in order to explain the observed values of E (68-0 kcal.) and A 
(1 x 10 sec.-!) whereas (D, +- D,) is probably not greater than 62 keal./mole. We know 
of no convincing explanation why these molecules should behave differently from their 
homologues. 

3. Compounds containing One Carbonyl Group.—Of the three remaining ketones in 
Table 1 (acetone, acetophenone, and benzophenone), only acetone shows what may be 
regarded as a “normal” frequency factor, suggesting that its decomposition proceeds 
mainly by mode 1, 1.¢., fission into two fragments. This interpretation is borne out by 
the thermochemistry of the reactions, since (D, +- D,) = 90-6 kcal. whereas D, = 72-6 keal., 
which is very close to the observed activation energy of 71 kcal./mole. In the other two 
cases, the frequency factor is definitely high and a reasonable description of both reactions 
can be given in terms of decomposition by mode 2, 1.¢., fission into three fragments. 

It is clear that we need not adhere to the concept of strict localisation of critical energy 
within the bonds being broken. In the course of the reaction, the C-O bond length 
changes from 1-20 to 1-13 A and it follows that the concentration of energy in any vibration 
which seriously affects the length of the C-O bond will reduce the energy required to 
rupture the two C-C bonds, The effect of this is to increase the effective number (s) of 
oscillators that we may consider as contributing to the decomposition. For these two 
ketones we have the following thermochemical data (kcal./mole) : * "4 


Avap. AH, (g , e,* = (D, + D,) 
Acetophenone - , 16-7 20°1 Be 96-0 
Benzophenone —7: 20:4 14-2 2 100-5 


In each case, mode 1] (s = 1), and mode 2 (s = 6) give rate constants calculated from 


e* \ 1° l | e* \r 
k= Ale > 
, | exp( ar) | 3 [rilar) | 


of the same order of magnitude as those observed, by using > 2-5 x 10™ sec.! and T 
corresponding to the middle of the experimental temperature range. Calculation of 
the theoretical rates with these values of s for other temperatures (cf. ref. 1) leads to k 
50 « 10'* exp (—81-3/RT) for acetophenone and k = 1-5 » 10!® exp (—87-5/R7) for 
benzophenone; these are very similar to the observed parameters in Table 1, 

4. Compounds containing Two Carbonyl Groups.—Three such compounds have been 
studied kinetically; these are diacetyl," benzil,’* and di-tert.-butyl peroxide.™ Fission 
into two, three, and four fragments has to be considered: for the first two compounds 
sufficient thermochemical data are available to treat the three modes 


R-CO:CO*'R —— RCO + COR (mode 1), ¢,* 
R-CO-CO-R ——@ R: + CO + -COR (mode 2), e,* 
K-CO'CO*R ——» R- + CO 4+ CO R+ (mode 3), e,* 


We have no data for a fourth mode, R°CO-CO-R —®» R: + -‘CO*CO-R, but we consider it 
an unlikely possibility and will ignore it. Also, for the peroxide, only the three reasonable 
mode > 

Me,C’O-O’CMe, ——t Me,CO: +. -O-CMe, (mode 1), ¢,* 

Me,C-0-O-CMe, —— Me + Me,CO +. *O-CMe, (mode 2), ¢,* 


Me,C-O-O-CMe, —— Me- + Me,CO + Me,CO + Mer (mode 3), e,5* 


are considered; for the critical energy for mode 1, we have taken the observed O-O bond 
dissociation energy ™ for diethyl peroxide of 31-7 kcal., because the activation energy 


11 Parks, Mosley, and Peterson, ]. Chem. Phys., 1960, 18, 152 

1? Jacquiss, Ph.D, Thesis, Manchester, 1953. 

18 Pritchard, Pritchard, and Trotman-Dickenson, /., 1954, 1425 
4 Rebbert and Laidler, /. Chem. Phys., 1952, 20, 574 
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observed for di-tert.-butyl peroxide obviously cannot be identified with a simple bond- 
breaking process in view of the enormous frequency factor with which it is associated. 
Thus, we have * 4 15 
e,* 
Dhacaty ls srccsascesetesecsvose pcubinivediioueys 54-5 2° 90-5  keal./mole 


Benzil intintdatnadmmana f 53° 1084 keal./mole 


Di-tert.-butyl peroxide a - “f 31° O- 463 keal./mole. 
By using these parameters as before} and taking » = 10 sec.-! the results in Table 2 
were obtained; the agreement between experimental and calculated Arrhenius parameters 
is most encouraging. 

TABLE 2. 
Observed Arrhenius Caleulated Arrhenius 
parameters No. of oscillators assumed parameters 
Molecule A (sec.*) £ (keal.) Model Mode2 Mode 3 A (sec) E (keal.) 
Diacetyl h2 x 10 66-0 I 4 f 45 x 10% 67°2 
66-4 l 6 12 16 «x 10% 67-5 
59-0 1 4 bay 6-6 x 16% 38-8 


The calculations described in 3 and 4 above contain in effect only one arbitrary 
parameter, t.¢., the value of 4 assumed. A value for 4 having once been chosen, the 
various values of s follow automatically, being those which cause their respective modes 
of decomposition to have calculated rate constants roughly equal to the observed rate 
constant. We do not know what factors determine the value of applicable to any given 
series of molecules: in the alkylmercury series ! a value of 1-5 x 10" sec.-! was chosen 
from a consideration of the molecular vibration frequencies, but in view of the significantly 
lower values needed for the ketones discussed in this paper it is probable that this choice 
was fortuitous. However, allowing for an arbitrary choice of 4, one can give a reasonable 
interpretation of most of the high frequency factors which occur in the alkylmercury and 
ketone series in terms of the simultaneous decomposition by two or more mechanisms 
The only incongruous case is that of benzoyl chloride which decomposes 1 with a “ high ”’ 
frequency factor of 2 x 10! sec.', but with an activation energy of 74 kcal./mole which 
corresponds almost exactly to the dissociation energy of the C,H,-CO-Cl bond; in this 
respect, however, it is interesting that benzoyl bromide also decomposes '* with an activ- 
ation energy equal to the C,H,-CO-Br bond dissociation energy, but in this case the 
frequency factor of 6 x 10" sec.-! is normal. 


This work was carried out while one of us (D. C.) was in receipt of a maintenance grant from 
the D.S.L.R 
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419. Studies in the Xanthone Series. Part 1. 
sy (the late) J. S. H. Davies, F. Scueinmann, and H. Suscuirzky. 


The preparation of a dihydro-oxofurano- (II) and a y-pyrono-xanthone 
Ill); R HH) from l-hydroxyxanthone is described. 


Reactions of l-hydroxyxanthone (I; R *’ «= H) have been studied in order to prepare 
iunple analogues of biologically active chromones, such as khellin,' for pharmacological 
testing. We failed to formylate 1-hydroxyxanthone by the usual methods but acetylated 
it by Fries rearrangement with aluminium chloride in cold or hot nitrobenzene and, in 
much better yield, by Friedel-Crafts reactions. These experiments gave 2-acetyl-1- 
hydroxyxanthone and an isomeric ketone, but there was not enough of the latter for 


' Huttrer and Dales, Chem. Reviews, 1951, 48, 543. 
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further investigation. Attempts to oxidise the former, for orientation, to 1 : 2-dihydroxy- 
xanthone * bya Dakin reaction with one equivalent or excess of alkali,* gave only unchanged 
starting material: the structural analogue, 6-acetyl-5-hydroxyflavone, is also stable 
under these conditions. The structure of the ketone was settled by cyclisation of its 
«-monobromo-derivative (I; R = H, R’ = CO-CH,Br) (prepared in good yield by use of 


(T) (I) 


bromine in acetic acid ®) to the furanoxanthone (11) in ethanol with sodium acetate. The 
compound (II) was also prepared as follows: Ethyl 9-oxo-l-xanthyloxyacetate (I; 
R = CH,°CO,Et, R’ = H) was obtained from 1l-hydroxyxanthone and ethyl bromo- 
acetate, and was converted into the acid chloride which was treated with aluminium 
chloride in benzene; reaction was with the solvent, giving 1-phenacyloxyxanthone 
(I; R= CHyCOPh, R’ =H); but in carbon disulphide at high dilution ring-closure 
gave the furanoxanthone (II). Its enolic properties were shown by formation of an 
acetyl derivative. 

The acid (I; R = CH,°CO,H, R’ = H) and the ketonic by-product (I; R = CH,COPh, 
R’ = H) could not be cyclised by conventional methods (cf. the failure to cyclise a phenoxy- 
acetophenone °), 

2-Acetyl-l-hydroxyxanthone did not condense with ethyl formate and ethyl acetate, 
but with ethyl oxalate and sodium, activated by a little ethanol, gave the diketo-ester 
(I; R= H, R’ = COCHyCO-CO,Et). The pyronoxanthonecarboxylic acid (III; R 


CO,H) was obtained in good yield by cyclisation of the diketone in a mixture of hot 
glacial acetic and concentrated hydrochloric acid. Thermal decarboxylation furnished 
the pyronoxanthone (III; R =H), but the use of copper in quinoline gave intractable 
tars. Experiments designed to yield a pyronoxanthone from 2-acetyl-l-hydroxy- 
xanthone by a Kostanecki-Robinson reaction failed. 


EXPERIMENTAI 


2-Acetyl-\-hydroxyxzanthone,-(a) Powdered aluminium chloride (5-3 g.) was added in portions 
to a solution of l-acetoxyxanthone? (5 g.) in redistilled nitrobenzene (55 c.c.), and the whole 
kept at room temperature for 60 hr. and then poured into ice (250 g.) and 2n-hydrochloric 
acid (250 c.c.), The precipitate, crystallised from ethanol, gave 2-acetyl-l-hydroayxanthone 
as yellow needles (0-8 g., 16%), m. p. 203-——-204° (Found: C, 70-5; H, 40. C,,H gO, requires 
C, 70-9; H, 40%). It gave a deep-red ferric colour in ethanol. Its 2: 4-dinitrophenyl- 
hydvazone crystallised as red spikes, m. p. 273—274°, from anisole (Found; N, 12-9. 
C4, \,0,N, requires N, 12-96%). The same procedure, but at 80° for 3 hr., gave a 24% yield 
of ketone. Chromatography (silica gel; benzene) of the crude product yielded a small quantity 
of an isomeric, unidentified ketone, m. p. 200° (corresponding to C,,H,O, by analysis), which 
depressed the m., p. of the 2-acetyl compound. 

(6) A solution of l-hydroxyxanthone?’ (8-5 g.) in s-tetrachloroethane (60 c.c.) was added 
dropwise to a stirred suspension of powdered aluminium chloride (26-6 g.) in redistilled acetic 
anhydride (10 g.) and s-tetrachloroethane (60 c.c.). The red mixture was then heated on a 


Davies, Lamb, and Suschitzky, unpublished work. 
Baker and Flemons, J., 1948, 2138 

Baker, J., 1934, 1953. 

Buu-Hoi and Lavitt, /., 1955, 18 

Stoermer and Atenstadt, Ber., 1902, 35, 3560 
Michael, /. Amer. Chem. Soc., 1883, 5, 91. 
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team-bath for 3 hr. and poured on crushed ice and concentrated hydrochloric acid (100 c.c.). 
fhe residue, after being extracted with ether, gave 2-acetyl-l-hydroxyxanthone on re- 
crystallisation from benzene (mixed m., p. 203-—204°; 4-1g.,41%). The ether extract contained 
a little of the ketone, m. p. 200°. In another preparation, a solution of acetyl chloride (3-7 g.) 
in nitrobenzene (5 c.c.) was added dropwise to an ice-cooled, stirred mixture of powdered 
aluminium chloride (8-6 g.), 1-hydroxyxanthone (4-2 g.), and nitrobenzene (35 c.c.), The 
mixture was kept at room temperature for 5 days, and, when worked up as above, yielded 
2-acetyl-1-hydroxyxanthone (1-8 g., 36%). 

1-Acetoxy-2-acetylxanthone, white needles, m. p. 134°, obtained by means of boiling acetic 
anh ydride~pyridine (2 hr.), crystallised from ethanol or light petroleum (b. p. 40--60°) (Found : 
C, 68-6; H, 40, C,,H,,0, requires C, 68-9; H, 41%). 

4’ : b’-Dihydvo-4'-oxofurano(2’ : 3’-1: 2)xanthone (II).—(a)  2-Acetyl-1-hydroxyxanthone 
(1-3 g.) in glacial acetic acid (120 c.c.) was treated dropwise with bromine (0-8 g.) in glacial 
acetic acid (10 c.c.), and the mixture was heated on a water-bath at 80° for l hr. The yellow 
crystals which gradually separated were collected, washed with boiling ethanol (100 c.c.), and 
recrystallised from glacial acetic acid. 2-w-Bromoacetyl-1-hydroxyxanthone crystallised as yellow 
needles, m. p. 216-—217° (decomp.) (0-7 g., 41%), from glacial acetic acid (Found: C, 54-1; 
Hi, 2-7; Br, 23-7. C,,H,O,Br requires C, 54-1; H, 2-7; Br, 24.0%). It gave a red colour 
with ethanolic ferric chloride and an orange precipitate with Brady's reagent. Its acetyl 
derivative was obtained in the usual way as pale-yellow crystals, m. p. 143-—145°, from ethanol 
(Found: C, 564-8; H, 3-0; Br, 21-1. C,,H,,O,Br requires C, 54-4; H, 3-0; Br, 213%). A 
solution of the bromo-ketone (0-2 g.) in ethanol (150 c.c.) was refluxed for 0-75 hr. in presence 
of crystalline sodium acetate (0-2 g.). After cooling and concentration of the mixture, the 
red precipitate obtained by addition of water was collected and extracted with chloroform, 
Removal of the dried (MgSO,) solvent, followed by crystallisation of the residue from alcohol, 
gave 4’: 5 ee 4’-oxofurano(2’ ; 3’-1 : 2)xanthone as white needles, m, p. 253-——255° (0-08 g., 
50%) (Found: C, 71:3; H, 34. C,,H,O, requires C, 71-5; H, 3-2%). It had a negative 
ferric reaction tien yielded an acetyl derivative, from boiling acetic anhydride, as white needles, 
m. p, 230-—231° (Found : C, 69-0; H, 3-2. C,,H,,O, requires C, 69-4; H, 3-4%). . 

(b) Lithy! bromoacetate (1-25 g.) and 1-hydroxyxanthone (1 g.) in acetone (50 c.c.) containing 
anhydrous potassium carbonate (2 g.) were boiled under reflux with stirring for 6 hr. After 
filtration and evaporation of the filtrate the yellow residue was recrystallised from ethanol and 
gave 9-oxo-l-xanthyloxyacetate as a mixture of white cubes (m. p. 130°) and needles (m. p. 
128-—-130°) (1-35 g., 90-56%) (Found: C, 68-1; H, 49. C,,H,,O, requires C, 68-4; H, 48%). 
Kecrystallisation from excess of ethanol yielded only vitreous cubes. Hydrolysis of the 
dimorphic ester with 2n-sodium hydroxide gave 9-oxo-1-xanthyloxyacetic acid (91%) as — 
m, p 106 (Found: C, 66-9; H, 39%; equiv., 268. C,,H,O, requires C, 66-7; H, 
equiv., 270). Attempts to prepare the acid directly by condensation of 1 Prenat 

with monochloroacetic acid or to cyclise the acid by concentrated sulphuric acid or polyphos- 
phoric acid gave only starting materials, 

The acid chloride was obtained, by refluxing the acid with thionyl chloride in benzene, as 
yellow needles, m, p. 173° (decomp.), unstable to heat and air, It was characterised by its 
amide, white needles, m, p. 252-—254° (decomp.), from ethanol (Found: C, 66-9; H, 4-2; 
N, 49. C©,,H,,O,N requires C, 66-9; H, 41; N, 52%). Cyclisation was effected as follows : 
A solution of the acid chloride (3-2 g.) in warm carbon disulphide (1-4.c.c.; freshly distilled over 
,0,) was added during 2 hr. to a warm stirred suspension of powdered aluminium chloride 
(1-8 g.) in carbon disulphide (100 c.c.), and the mixture was boiled under reflux for 4 hr. and 
then kept at room temperature overnight. The filtered mixture was poured into ice (100 g.) 
and concentrated hydrochloric acid (50 ¢.c.), Organic material was taken up in chloroform, 
and the chloroform solution extracted with aqueous sodium hydrogen carbonate (20%), which 
removed 9-oxo-l-xanthyloxyacetic acid (1-0 g.; m. p. 192—194°). Washing with water, 
drying (MgSQO,), and removal of the solvent left a yellow te which, on repeated re- 
crystallisation from ethanol gave a xanthone, m. p. 253--255° (0-45 g., 16%) alone or mixed 
with a sample prepared by route (a). 

Cyeclisation in Benzene.—When a solution of the acid chloride (1-3 g.) in benzene (70 c.c.) 
in the presence of powdered aluminium chloride (1-2 g.) was kept at room temperature for 
4 days, and the mixture was worked up as described under (b), 1-phenacyloxyxanthone, m. p. 
187—-188° (0-4 g., 27% ), was obtained as white needles from ethanol (Found: C, 76-1; H, 4-6. 
Cy, H,,0, requires C, 76-3; H, 43%), Its 2: 4-dinitrophenylhydrazone formed orange needles 
(from chlorobenzene), m. p, 203° (decomp.) (Found: C, 63-6; H, 3-4; N, 10-9. C,,H,,0,N, 
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requires C, 63-5; H, 3-5; N, 110%). This ketone was not cyclised on treatment with concen- 
trated sulphuric acid * or by methods used by Stoermer and Atenstidt.* 

4’-Pyrono(2’ : 3’-1: 2)wanthone (IIL; KR = H).—-2-Acetyl-l-hydroxyxanthone (1:3 g.) was 
treated with ethyl oxalate (10 c.c.), ethanol (5 drops), and powdered sodium (0-5 g.) with stirring 
and gentle heating for l hr. After cooling, a brown sodium salt was collected and treated with 
aqueous acetic acid (20%), and the resulting yellow solid crystallised from benzene-ethanol 
(1:1), giving 2-ethoxalylacetyl-\-hydroxyxanthone as lemon-yellow needles, m, p. 202—204° 
(1-5 g., 88%) (Found: C, 64-6; H, 4-0. C,,H,,O, requires C, 644; H, 40%). The diketone 
(0-6 g.) was cyclised in glacial acetic acid (2-5 c.c.) containing concentrated hydrochloric acid 
(2-5 c.c.) under reflux (0-5 hr.). The solid obtained by addition of water furnished on crystallis- 
ation from acetic acid 4’-pyrono(2’ : 3’-1 : 2)xanthone-6'-carboxylic acid (111; R «= CO,H) as 
white needles, m. p. 300—302° (decomp.) (0-4 g., 73%) (Found: C, 66-1; H, 28. C,,H,O* 
requires C, 66-2; H, 26%). Heating the acid gently above its m. p. gave 4’-pyrono(2’ : 3’- 
1: 2)xanthone as white sublimed needles, m. p., 327° (Found: C, 72:8; H, 32. CygH,O, 
requires C, 72-7; H, 31%). Decarboxylation by copper in quinoline produced an intractable 
oil. 

Condensation of 2-acetyl-l-hydroxyxanthone with ethyl formate or ethyl acetate under the 
conditions described for ethyl oxalate or with sodium hydride or sodamide as condensing 
agents failed. 


One of us (F. S.) is indebted to the Governors of the Royal Technical College, Salford, for 
a Research Demonstratorship. 
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420. Absorption Spectra and Structure of Some Solid 
Hydroxyazo-compounds. 


By D. HapiZ1. 


Infrared and electronic spectra were investigated of solid 1-phenylazo-2- 
naphthol, 2-phenylazo-l-naphthol, 4-phenylazo-1-naphthol, their deuterated 
analogues, as well as of the O-methy] derivatives. Infrared spectra of o- and 
p-phenylazophenol were also investigated. The last two compounds have 
been found to exist as true azo-compounds, whereas both types of spectra 
indicate that the naphthalene derivatives exist in the solid state either 
as pure phenylhydrazones (1: 4-naphthaquinone monophenylhydrazone) or 
as mixtures of both tautomeric forms. 


INVESTIGATIONS of the electronic spectra of arylazonaphthols in solution have demon- 
strated that these compounds exist in the true azo-form along with the tautomeric 
phenylhydrazone form.’* It has been shown also that both o- and p-azophenols appear 
in the azo-form only, irrespective of the solvent. In contrast to the very extensive work 
on solutions, the investigations of the structure of solid hydroxyazo-compounds are limited 
to a few isolated infrared spectra.*>? Therefore a more complete investigation appeared 
desirable. It was hoped that the infrared spectra would reveal some structural details of 
the groups involved in the tautomeric changes, besides bringing additional evidence for 
the gross structure of these interesting compounds. 

In this investigation, infrared spectra were recorded of o- and p-phenylazophenol, 
1-phenylazo-2-naphthol, and 2- and 4-phenylazo-l-naphthol, and of their OD analogues. 
Some nitrophenylazonaphthols were studied too, but since their spectra had no particularly 
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interesting features they will not be discussed separately. The investigation includes the 
spectra of some reference compounds, such as the O-methyl derivatives of azonaphthols, 
and naphthaquinones. The spectra were recorded with substances in the solid state, but 
where solubility permitted, also in solution. Since the infrared spectra did not yield clear- 
cut results in all instances, it was necessary to resort to the electronic spectra of the solids. 

The region between 1700 and 1400 k is most promising for the distinction between the 
azo- and the hydrazone structure, Here are expected the bands due to the C=O and C=N 
groups which characterise the hydrazone form, as well as those due to the stretching of the 
~N=N-~ group of the azo-form. However, the absorption of the latter is usually much less 
characteristic than that of the former. The region of the OH and NH stretching vibrations 
should be of little use, since it is not easy to distinguish the respective bands, particularly 
if the compounds appear in the hydrogen-bonded form. The OH and NH bending 
vibrations give rise to rather characteristic bands in certain circumstances, particularly 
when compared with analogous deuterium-substituted compounds.**® It might be 
expected that the region of the out-of-plane vibrations of aromatic hydrogen atoms would 
be useful too for diagnostic purposes, but a close examination of the bands in the spectra of 
the naphthaquinones and a number of appropriately substituted naphthalenes has shown 
that too many bands overlap in this region for useful conclusions to be drawn. 

Description of Spectra.—In the spectrum of the solid p-phenylazophenol a strong and 
broad band appears at 3120 k (Fig. 1). In solution in carbon tetrachloride this band is 
replaced by a sharp one at 3600 x. The large wave-number of this band in solution, and 
the broadening in the solid state due to hydrogen bonding, leave little doubt as to its 
assignment to the OH stretching mode. The corresponding v(OD) band appears at 
2340 « (solid), The bands between 1600 and 1400 x (Fig. 3a) can be accounted for by ring 
and aromatic CH vibrations. Corresponding bands with little change of position are 
observed (Fig. 3c) in the O-methyl derivative of this compound. The absorption band due 
to the azo-group should fall also in this region, but it is difficult to decide which band in the 
present spectra should be attributed to this vibration in particular. Deuterium substi- 
tution (ig, 3b) causes the very significant shift of a band from 1235 to 990 k. The new 
band seems to be slightly less strong than the disappearing one. Similar shifts have been 
observed with a number of phenolic compounds, and the bands attributed to a vibration 
mode roughly described as the in-plane bending of the COH and COD groups respectively." 
This pair of bands is important for the subsequent discussion ; some minor changes of 
band positions after deuteration were observed in addition but adequate explanation for 
them is lacking as yet. The differences in the spectra of the basic compound and its 
O-methy! derivative can be accounted for by the effect of the replacement of the hydrogen 
by a methyl group. The band attributed to the OH bending is lacking in the ether 
pectrum, and the strong band at 1250 k replaces that at 1280 x. Both bands are due to 
the C—O stretching. 

Instead of the strong v(OH) band in the spectrum of the para-isomer, the ortho-isomer 
has a weak and very broad absorption (Fig. 2) extending from about 3000 to 2400 kK. 
Similar broad absorption bands, due to the stretching of OH groups in chelated structures, 
have been described before.*.® No traces of free OH absorption appear near 3600 k in the 
dilute chloroform solution. The broad absorption is overlapped by a sharp band near 
3040 K, due to the stretching of aromatic CH, and by some smaller subsidiary maxima. 
hese are probably due to overtones and are brought out by the relative thickness of the 
layer. The other important features of the spectrum (Fig. 3d) correspond to those 
described with the para-isomer. Particularly interésting is the shift of the band from 1277 
to 1015 k after deuteration (Fig. 3e). The assignment is analogous to that given in the 
previous case 

rhe high wave-number region of the spectrum of 4-phenylazo-1-naphthol bears a weak 
and sharp band at 3240 xk (Fig. 1). In chloroform solution (2-mm. cell), a weak and sharp 
band appears at 3360 K, and a slightly broader and stronger one at 3260 k. Because of 

* Had#i and Sheppard, Trans, Faraday Soc., 1964, 50, 911 
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its sharpness in the associated state (solid and moderately diluted solution), and the 
relatively small wave-number in the free state (3360 kK) these bands may be safely assigned 
to an NH stretching mode. The bands due to associated OH groups are usually much 
broader whereas free OH groups absorb at larger wave-numbers (cf. the spectrum of solid 
p-azophenol), 

The region 1650-1500 k contains two interesting features (Fig. 4). First, the strong 
band observed at 1615 k is missing in the spectrum of 4-phenylazo-1-methoxynaphthalene 
(Fig. 4c). This makes its assignment to the C=O stretching very probable. Secondly, 
there is a very strong and broad band at 1538 x. A similar band is not observed in the 
spectrum of p-phenylazophenol, and it is also lacking in the spectrum of 4-phenylazo-1 
methoxynaphthalene, But even more significant is the shift of this band to 1500 k after 
deuteration (Fig. 4b). The position of the band suggests that it is due to the stretching of a 
bond having largely double-bond character, but the shift indicates clearly that a motion of 
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the hydrogen atom, probably a deformation, is involved in this vibration mode. NH 
bending vibrations in secondary amines, hydrazines, etc., have been associated ™ with 
bands near 1200 k. However, it may be expected that the neighbourhood of double bonds 
would considerably influence the absorption frequency of this vibration, and several 
examples of the interaction of NH vibrations with the vibrations of adjacent bonds having 
more or less double-bond character have been noted in this laboratory. For example, in 
pyridine hydrochloride a strong band at 1532 k is severely reduced in intensity after 
deuterium substitution, and a very strong and broad band appears instead at 1488 k 
Less marked but related intensity changes and shifts of bands in this region have been 
observed in several ketone phenylhydrazones, and in the (§-benzylaminobenzylidene 
acetophenone. The spectra of these compounds will be dealt with in a subsequent paper. 
A similar change in spectrum on deuteration to that observed with the present compound 
is found also with secondary amides. The well known amide-II band near 1550 kK is 
replaced in deuterated amides by another near 1480 k, of similar intensity. The amide-I 
band is now commonly ascribed to a vibration involving the asymmetric stretching of the 
CO-NH group, coupled with the NH bending.” Accordingly, the band near 1500 k in the 

'! Bellamy, “‘ The Infra-red Spectra of Complex Molecules,"’ Methuen, London, 1954, p 219 

'? Fraser and Price, Nature, 1952, 170, 490 
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present spectrum is attributed to a combined vibration, involving the NH bending and some 
skeletal stretching motion. It must be largely influenced by the skeletal bonds, since even 
in the homologous series of phenylhydrazones a considerable variability is observed in the 
positions and the intensities of the bands in this region, and other bands affected by the 
exchange for deuterium. 

Features sensitive to deuterium substitution and important for diagnostic purposes are 
expected in the range 1300-—1000 k. In the present case, a very strong band disappears 
from 1263. It appears to be replaced by a band of low intensity at 1092 k. Deuterated 
amides also show a more or less strong intense new band near 1000 Kk on deuteration, 
while a band near 1200-1250 K is reduced in intensity. The case of amines and secondary 
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hydrazines has been already mentioned, having bands due to NH bending near 1250 k, 
Thus, the band at 1263 k in the present case is tentatively assigned to an NH bending mode, 
Complications may arise again from the coupling with skeletal modes, as occurs with 
amides, 

The spectra of 2-phenylazo-l-naphthol, its deuterated analogue, and the O-methy! 
derivative bear the same relation to each other as those of 1-phenylazo-2-naphthol, and 
therefore one of each derivative is reproduced in Fig. 5. The spectra of both basic com- 
pounds have a weak and very broad absorption centred at about 2000 k (Fig. 2), similar 
to that noted in the spectrum of o-phenylazopheno!. No particularly strong band appears 
near 1600 kK, but there is a marked difference in absorption in this region between the 
basic compounds and their O-methyl derivatives. The bands at larger wave-numbers are 
lacking in the spectra of the latter, but stronger bands appear at lower wave-numbers 
(1575 and 1590 kK respectively). Consequently, the bands at 1612 and 1615 k respectively 
in the two compounds may be due to carbonyl groups. The most prominent feature is 

gain the bands near 1500 k, which behave in precisely the same way as the analogous band 
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in the previously discussed compound, except for a slightly larger shift on deuterium 
substitution (about 70 wave-numbers). ‘The interpretation of this band follows the same 
line as above. It differs from the one given previously by Le Feévre et al.,* who attributed 
the band near 1500 K in the spectrum of 2-phenylazo-1l-naphthol to a phenyl ring vibration. 
The appearance of a similar band in the spectrum of the copper complex of the same com- 
pound must be a fortuitous coincidence. Le Feévre’s assignment does not explain the 
absence of the band in the O-methy] derivative, or the shift on deuteration. On comparison 
of the spectra of both ortho-isomers with that of the 1: 4-isomer and the respective 
deuterium-substituted analogues, it may be noted that in the former two cases a larger 
number of bands is subject to change after deuterium substitution. Interesting is the 
appearance of a strong band near 1000 x. It resembles the band due to OD bending in 
phenols, but it might be also an ND bending, for some reason stronger than in the | : 4 
isomer. 

In order to facilitate the comparison with the electronic spectra, the infrared spectra of 
solutions in carbon tetrachloride were recorded (dotted in the figures). They do not differ 
essentially from the spectra of the solids, the main difference being in the stronger bands 
near 1615 « and the reduction of some bands near 1250 x. The spectrum of the molten 
1-phenylazo-2-naphthol is the same as that of the solution 
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Electronic Spectra.-The spectrum of the “ 4-phenylazo-l-naphthol ” (Fig. 6a) presents 
a single peak at 470 my whereas those of 2-phenylazo-1-naphthol (lig. 6b) and 1-phenylazo 
2-naphthol (Fig. 6c) have two maxima each (486, 410 and 500, 360 my). The peak of 
the | ; 4-isomer and the long-wave maxima of the other two compounds are attributed to 
the quinonehydrazone form, whereas the short-wave maxima are due to the azo 
chromophore. These assignments have been sufficiently discussed by previous authors,’ 
For the present purpose it is noteworthy that the general character of the electronic 
absorption of the solids corresponds to that of solutions in polar solvents. However, it 
must be emphasised that the extinctions in the case of the spectra of the solids have a 
relative significance only, since the uniformity of thickness and scattering of the light by 
the pressed potassium bromide dises cannot be guaranteed. 

Discussion.-The infrared spectra of both phenylazophenols correspond to what is 
expected of phenolic compounds. This is in agreement with the conclusions drawn from 
their electronic spectra. The problem of the structure of the so-called 4-phenylazo-| 
naphthol is also clearly solved from both the electronic and the infrared spectra. The 
latter give evidence for the presence of a carbonyl group and an NH group, so the com 
pound is in the phenylhydrazone form. The band attributed to the C=O group is at 
relatively small wave-numbers, the carbonyl band of 1 : 4-naphthaquinone being found at 
1675 (solution) by Fuson, Josien e al.,“ and at 1668 K (solid) in this laboratory. The 
hydrogen bonding is expected to reduce this value. Since the position of the NH stretching 
band indicates only moderately strong bonding, the shift should not exceed a few tens of 

‘* Josien, Fuson, Lebas, and Gregory, /. Chem. Phys., 1953, 21, 331 
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wave-numbers. The position observed thus indicates that the double-bond character of 
the carbonyl group is considerably reduced. Structures of the type (I) seem to play an 
important réle in the state of the compound. 

Ph 


(Il) 


It is difficult to draw reliable conclusions as to the structure of phenylazo-l- and -2 
naphthol from the infrared spectra alone. The band near 2900 Kk does not permit 
distinguishing between the stretching of an NH or OH group. Although OH groups 
usually form stronger hydrogen bonds, with subsequent large shifts and broadening of the 
band, the NH---O group has been stated ™ to give rise to very weak and broad 
absorption in the stretching region, like the presently observed one. However, the 
presence of any absorption near 2900 k indicates that the proton does not occupy a 
symmetrical position between O and N. Also, internal salt-formation is very improbable 
in view of the weakness of the band, 

The bands near 1600 kK can hardly be taken as characteristic carbonyl bands, since 
these are usually very strong. The position is lower than in | ; 2-naphthaquinone, which 
has the carbonyl band at 1657. The lowering is due in part to the chelation, but 
structures of the type (II) and (III), respectively, may contribute to the reduction of the 
double-bond character of the C=O group. Similar atypical carbonyl bands have been 
observed also in other cases, ¢.g., the tropones.’® 

The most important band for diagnostic purpose is the one near 1500 kK, Since it is 
present neither in the O-methyl derivatives nor in the azophenols, but appears in the | ; 4- 
naphthaquinone monophenylhydrazone, it must be connected with the hydrazone 
structure, and assigned as above. This conclusion is in agreement with the electronic 
spectra of both compounds. However, the electronic absorption indicates that the azo- 
form too is present in the solid in substantial amounts. The infrared spectrum does not 
exclude the presence of the azo-form, neither does it furnish strict proof of it. Strong 
hydrogen bonding is certain in the azo-form, as the example of o-phenylazophenol shows ; 
hence the bonded OH band would not show up separately. The absorption of the azo 
groups is difficult to identify. An indication that both NH and OH groups exist is given by 
the number of bands in the region 1300-1000 K, subject to change after deuterium 
substitution, more such bands being observed than in the case of | : 4-naphthaquinone 
phenylhydrazone. This difference cannot be explained in terms of symmetry differences 
or similar simple causes. However, this evidence alone is not sufficient, and the conclusion 
that both forms exist in the solid is based on the evidence from electronic spectra. This 
conclusion is rather surprising, since, to the best of our knowledge, substances exhibiting 
tautomerism in solution are in one form only in the crystalline state. As examples may be 
quoted benzoyl- and furoyl-phenylacetonitriles. Both form keto-enol equilibria in 
solution,’® but in the solid state the first compound is fully enolised whereas the second is 
ketonic.'? A microscopic examination of the crystals of each | ; 2-naphthaquinone 
phenylhydrazone excludes the possibility of a mixture of two sorts of crystals, and probably 
the X-ray diffraction patterns could reveal more about the arrangement of the two types 


4 Cromwell, Miller, Johnson, Frank, and Wallace, /. Amer. Chem. Soc., 1949, 71, 3337. 
‘® Tiler, Thesis, Ljubljana, 1956 
'® Russell and Mentha, /. Amer. Chem. Soc., 1965, 77, 4246 
‘7 Chase and Walker, /., 1953, 3518 
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of molecule in the crystals, but it would not necessarily give an unambiguous result. The 
two types of molecule—the hydrazone and the azo—have probably very similar bond 


Hy 


(II) (IV) 


lengths in view of the resonance between the structures (II) and (V) on the one hand and 
(IV) and (VI) on the other. Moreover, the proton is expected to change its position (from 
© to N) with time, and thus the two types of molecules would give on the time average 
a single set of bond dimensions. 


Lexperimental,-Some of the substances were given by Dr. A. Burawoy or by Imperial 
Chemical Industries Limited, Dyestuffs Division; others were prepared in this laboratory. 
rhe U-methyl derivatives were prepared by Charrier’s method,“ The exchange with D,O was 
effected by dissolving the substances in dioxan (dried by refluxing over sodium) and adding some 
D,O, The precipitated substance was filtered off and dried. All operations were performed 
in a micro-flask designed to exclude atmospheric moisture. The infrared spectra were 
recorded with a Perkin-Elmer Model 21 spectrometer, equipped with a rock-salt prism. The 
solid substances were made into mulls with mineral oil or hexachlorobutadiene. Some of the 
substances were pressed with potassium bromide into discs, in order to match the conditions 
used in recording the electronic spectra. In general, the mulling technique gave spectra of 
better quality. The electronic spectra were taken with a Beckman DU spectrometer. A 
holder was constructed to hold potassium bromide discs of 12-mm. diameter. These were 
prepared by grinding the solid together with the bromide or by sprinkling powdered bromide 
with an acetone solution of the substance. The results were identical in the two cases. 


hanks are offered to the Committee of the van t'Hoff Fund for a grant towards the purchase 
of rock-salt windows, and to Dr. A. Burawoy and Imperial Chemical Industries Limited, 
Dyestuffs Division, for the generous gift of substances. The author is much indebted to 
Dr. N. Sheppard (Cambridge) for a critical reading of the paper. 
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421. The Synthesis of 2-Deoxy-2-fluorotetritols and 
2-Deoxy-2-fluoro-( 4- )-glyceraldehyde. 
By N. F. Taytor and P. W. Kenr. 

.thyl ethoxalylfluoroacetate with potassium borohydride gives dimethyl 

)-2-fluoro-3-hydroxysuccinate; more vigorous reduction with lithium 
aluminium hydride results in a mixture of 2-deoxy-2-fluoro-( +-)-tetritols. 
rhe isomers have been separated and the configuration of the crystalline 
2-deoxy-2-fluoro-(4-)-erythritol established. Both isomers yield crystalline 
1: 3: 4-tri-O-toluene-p-sulphonates. Periodate oxidation of 2-deoxy-2 
fluoro-(--)-erythritol gives 2-deoxy-2-fluoro-(4+-)-glyceraldehyde, possessing 
a labile fluorine atom 


[ue first fluoro-carbohydrates to be reported were the 1-fluoro-compounds made by the 
action of anhydrous hydrogen fluoride on acetylated hexoses.'’ In these compounds the 
fluorine atom was sufficiently stable to permit their deacylation with sodium methoxide 

' Brauns, J]. Amer. Chem. Soc., 1923, 45, 833, 2381; 1924, 46, 2776; 1927, 49, 3170; 1929, §1, 
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to hexosyl fluorides? Later 6-deoxy-6-fluoro-p-glucose was synthesised by an exchange 
reaction between 3 : 5-O-benzylidene-6-O-methanesulphonyl-1 : 2-O-tsopropylidene-p-gluco- 
furanoside and hydrated potassium fluoride. Both methods are limited to the intro- 
duction of the halogen into positions 1 and 6, and fluorine has not yet been introduced at 
other positions of the carbohydrate molecule. 

We now report the total synthesis of 2-deoxy-2-fluoro-(+-)-erythritol and 2-deoxy-2- 
fluoro-(+-)-threitol and their oxidation product, 2-deoxy-2-fluoro-(+-)-glyceraldehyde.* 

Ethyl ethoxalylfluoroacetate * was reduced to dimethy! (-+-)-2-fluoro-3-hydroxysuccin 
ate ® with potassium borohydride. The reaction which was carried out in methanol was 
accompanied by trans-esterification. The fluoro-ester (I) formed a crystalline diamide 


CH,-OH 
H:C-OH 
At WCF 
; CH,-OH 
(Ill 
CH,-OH 


4 HO-CH e 


H-CF (Mutual products are (-+-)-forms] 


CH,-OH 
(IV) 


(Il) and a hygroscopic disodium salt. Comparison of the infrared spectra of malamide 7 
and the amide (II) indicated the presence of the C-F bond in the latter. Further reduction 
of the ester (I) with lithium aluminium hydride gave a syrup which was chiefly a mixture 
of 2-deoxy-2-fluorotetritols (III) and (IV). The same tetritols were also obtained in high 
yield when ethy! ethoxalylfluoroacetate itself was reduced with a large excess of lithium 
aluminium hydride. From the mixed tetritols at room temperature (4 days) 2-deoxy-2- 
fluoro-(-+-)-erythritol (III) crystallised spontaneously and 2-deoxy-2-fluoro-; +-)-threitol 
(LV) was separated chromatographically from the mother-liquors. This method of 
separating the isomers was subsequently replaced by fractional distillation in a high vacuum. 
Paper-partition chromatography of the isomers (III) and (IV) gave the same Ry value (0-6). 

The configuration of 2-deoxy-2-fluoro-(--)-erythritol (III) was established by an X-ray 
crystallographic comparison with erythritol. The second racemate 2-deoxy-2-fluoro-(-+-)- 
threitol (IV), isolated as a syrup, yielded a 1 : 3 : 4-tri-O-toluene-p-sulphonate (m. p. 115°) 
which was different from the 1 : 3 : 4-tri-O-toluene-p-sulphonate (m. p. 85°) of 2-deoxy-2- 
fluoro-(-+-)-erythritol. 

Both isomers (III) and (IV) consumed | mol. of sodium metaperiodate (formation of 
formaldehyde was shown) and the highly reducing product, 2-deoxy-2-fluoro-(-+-)- 
glyceraldehyde (V), was isolated as a colourless syrup. The following evidence for its 
structure was obtained, (1) It reacted immediately with 2 : 4-dinitrophenylhydrazine in 
2n-hydrochloric acid, giving a high yield of a yellow amorphous hydrazone from which 
however fluorine had been eliminated (confirmed by emission spectrographic analysis) ; 
(2) reduction with lithium aluminium hydride gave 2-fluoropropane-l : 3-diol (2-deoxy-2 
fluoroglycerol), isolated as its crystalline 1 : 3 di-O-toluene-p-sulphonate; (3) synthesis 
of 3-fluoro-(-+-)-propane-I ; 2-diol [(-+-)-l-deoxy-l-fluoroglycerol; has been reported,® 


Helferich, Bauerlein, and Weigand, Annalen, 1926, 447, 30; Helferich and Gootz, Ber., 1929, 62, 


Helferich and Gniichtel, Ber., 1941, 74, 1035 
Kent and Taylor, Research, 1955, 8, 566 

® Rivett, /., 1953, 3710 

* Taylor and Kent, Nature, 1954, 174, 401 

’ Freudenberg and Brauns, Ber., 1922, §5, 1352 

* Gryskiewicz-Trochimowski, Rec. Trav. chim., 1047, 66, 427 
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though no evidence for the structure was presented; this compound was, therefore, 
prepared and it was found, in contrast to the above 2-deoxy-2-fluoroglycerol, to consume 
0-4 mol. of sodium metaperiodate. 

Although the fluorine atom in (-+-)-2-deoxy-2-fluoroglyceraldehyde is labile in the 
presence of 2: 4-dinitrophenylhydrazine in hydrochloric acid and two mols. of 2: 4- 
dinitrophenylhydrazine are consumed, no structure is yet advanced for the product, which 
may exist in polymorphic forms (cf. acetaldehyde * and fluoroacetaldehyde ™), 

Note on the X-Ray Crystallographic Analysis of 2-Deoxy-2-jluoro-( 4-)-erythritol (by Mr 
H. M. Powk.1).--Examination of erythritol and 2-deoxy-2-fluoro-(+)-erythritol by single- 
crystal X-ray diffraction methods shows that they are structurally very closely related. 
erythritol, which, according to early measurements," belongs to the tetragonal bipyr 
armidal (4/m) class of crystals, has a = 12-8,c = 6°85 A. Absent reflections Akl for h +k + 1 
odd, hkQ for either h or k odd, and 00/1 for 1 = 4n, indicate the space group 14,/a. 
I his is consistent with the crystal symmetry and is supported by observations of a general 
inequality in intensity of the reflection hOl and its corresponding h0l. In the unit cell 
there are eight molecules which must occupy special space-group positions so that each lies 
cither on a two-fold symmetry axis or, more probably, in a symmetry centre, 

The 2-deoxy-2-fluoro-(-+-)-erythritol was not recognisable from crystal shape as tetra 
gonal, though it gave a uniaxial interference pattern, Under X-ray examination a unit 
cell was found with dimensions very similar to those of erythritol : a = b = 12-8, ¢ = 6-85. 
A zero layer line Weissenberg photograph about the c axis shows no deviation from tetra 
gonal symmetry. The general distribution of intensities among the reflections AkO when 
both A and & are even strongly resembles that in erythritol, but a few weak reflections 
which have both h and k odd appear. This means that there is no glide plane a in the 
tructure, although there is a pseudo-glide plane of this kind. The absence of the glide plane 
is shown by some inequalities in intensities of reflections Ak/ and the corresponding Aki. 

lhe great similarity of X-ray diffraction patterns for the two substances leaves no 
doubt that the arrangement of atoms in the two is almost the same, and the lowering of 
pace-group symmetry on passing from erythritol to 2-deoxy-2-fluoro-(-+-)-erythritol 1s 
precisely what would be expected when molecules which occupy special symmetry positions 
in the unit cell have their own symmetry destroyed by substitution, although the general 
shape and size of the molecule and some at least of its possibilities for hydrogen bonding 
to its neighbours are left unaffected. The two molecules must therefore have similar 
configurations. A more detailed structural investigation is being made. 


EXPERIMENTAL 


Paper chromatography was by downward elution on Whatman No. 1 paper with the water- 
poor phase of butan-1-ol-ethanol-water (4: 1:5; v/v). Hydroxy-compounds were detected 
by spraying chromatograms with 1% aqueous potassium permanganate.” 

Limethyl (4-)-2-Fluoro-3-hydroxysuccinate (Methyl I luoromatlate) Ethyl ethoxalylfluoro 
acetate (10 g., 0-54 mol.)* in methanol (60 c.c.) was added dropwise to a stirred solution of 
potassium borohydride (6 g., 0-112 mol.) in methanol (60 c.c.), The temperature rose to 50°, 
and dropped to 25° when the reduction was complete, Stirring was continued for a further 30 
min, ‘To the resulting pale green solution excess of methanolic hydrogen chloride was added. 
Methyl borate was removed by distillation of the filtered solution with repeated addition of 
methanol. After neutralisation with lead carbonate, filtration, and concentration to dryness 
under reduced pressure, the product was extracted with ether. Removal of the solvent gave a 
colourless viscous liquid which on distillation yielded dimethyl fluoromalate (5 g.), b. p. 90°/0-5 
mm. (Found: C, 400; H, 5-3. C,H,O,F requires C, 39-9; H, 5-0%). This gave a positive 
test for an a-hydroxy-group with ferric chloride-phenol. It gave an absorption maximum at 
300 mu and an infrared band at 1050 cm, (C~F). 

)-2. F-luoro-3-hydroxysuccinamide (Fluoromalamide).Dimethyl fluoromalate (0-5 g.) in 


* Bryant, /. Amer, Chem. Soc., 1933, 56, 3201; Martin, Synge, and Bell, Biochem. J., 1941, 35, 204 
sunders, Stacey, and Wilding, /., 1949, 774 

'' Groth, ‘‘ Chemische Crystallographie,”” Engelmann, Leipzig, 1910, Vol. IL, 

 Paceu, Mora, and Kent, Sci nce, 1049, 110, 446 
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anhydrous methanol (10 c.c.) was saturated with ammonia at 0°. After 24 hr. at room tem 
perature crystals separated. After a further 24 hr, at 0° the diamide was collected, washed with 
a little propan-2-ol, and recrystallised therefrom as needles (0-2 g.), m. p. 160° (Found: C, 32-1; 
H, 4-4; N, 18-8. C,H,O,N,F requires C, 32-0; H, 4-6; N, 18-7%). Further diamide (0-08 g.) 
was obtained by concentrating the mother-liquor, redissolving the syrup in methanol, and 
saturating the solution with ammonia, A mixed m. p. with malamide? (m. p, 162°) showed a 
depression, Of malamide and fluoromalamide, only the latter gave an infrared band at 1050 
em.” (C~F), 

Disodium ( +)-2-Fluoro-3-hydroxysuccinate (Sodium I luoromalate).—Dimethyl fluoromalate 
(1 g.) was dissolved in water (3 c.c.) and 1-5n-sodium hydroxide (7 c.c.) gradually added with 
stirring. After 24 hr. at 0° the yellow solution was extracted with ether (2 x 25 c.c.), and the 
aqueous layer evaporated to dryness under reduced pressure. A yellow solid remained which 
was washed with dry ethanol (3 x 50 c.c.) and heated at 100°/11 mm, for 24 hr. The disodium 
fluoromalate (1 g.) was extremely hygroscopic and no attempts to recrystallise it were made 
(Found: C, 24-3; H, 14, C,H,O,Na,F requires C, 24-5; H, 1:5%). 

2-Deoxy-2-fluoro-( +-)-erythritol.—Method I, Methy! fluoromalate (4 g.) in dry ether (100 c.,c,) 
was added dropwise to a stirred solution of lithium aluminium hydride (3 g.) in ether (150 c,c.) 
at such a rate as to produce gentle refluxing. The mixture was stirred for a further 60 min. 
Excess of hydride was decomposed by water at 0°. Sulphuric acid (6n; 75 c.c.) was added with 
stirring, the aqueous layer separated and neutralised with magnesium carbonate, and the 
resulting solid mass extracted with boiling ethyl acetate-ethanol (8:1; 4 x 100 c.c.), The 
extract was filtered and dried (MgSO,), and the solvent removed in vacuo, to leave a pale brown 
syrup (2g.). Partition chromatography revealed three components (I, 0-4, 0-6, 0-85) [butanol 
ethanol-water (4: 1:5) as solvent; potassium permanganate (1% solution) as developer}, 
In 4 days at room temperature the syrup yielded needles which were separated on a porous 
plate; the 2-deoxy-2-fluoro-(+-)-erythritol (0-2 g.) recrystallised from ethyl acetate as needles, 
m. p. 70°, Ry 0-6 (Found: C, 39-2; H, 7-4. C,H,O,F requires C, 38-7; H, 7-3%). 

Method 1. Ethyl ethoxalylfluoroacetate ® (16 g.) in dry ether (150 c.c.) was added dropwise 
to a stirred solution of lithium aluminium hydride (12 g.) in ether (400 c.c,) at such a rate that 
steady refluxing was maintained. The mixture was then kept at room temperature for 24 hr, 
The excess of hydride was decomposed by water at 0° ; 5n-sulphuric acid (100 c.c.) was added with 
stirring, the aqueous layer separated and neutralised with magnesium carbonate, and the 
resulting solid extracted with boiling ethyl acetate-ethanol (3:1; 3 x 200 c.c.), The extract 
was dried (MgSO,) and evaporated to dryness in vacuo, to leave a pale brown syrup (8 g.), It, 
0-4, 0-6, 0-85. Distillation of the syrup gave a fraction boiling at 120°/1-4 xk 10% mm, The 
product (4 g.) was a colourless syrup (Ry, 0-6) which partly solidified overnight. The solid, 
separated on a porous plate, crystallised from ethyl acetate, giving colourless needles of 2-deoxy- 
2-fluoro-( 4)-erythritol (3 g.), m. p. 70°, Ry 0-6 (Found: C, 39-0; H, 75%). Infrared spectra 
of this compound showed bands at 0-92 and 0-95 cm. which were attributed to the C-F and the 

OH.--.F-€ bond. The porous plate was extracted with boiling ethanol, and the extract 
evaporated to dryness in vacuo, to leave 2-deoxy-2-fluoro-(+4)-threitol as a colourless syrup 
(0-89 g.), ty 0-6. 

2-Deoxy-2-fluoro-1 : 3 : 4-tri-O-toluene-p-sulphonyl-( +)-erythritol.-2-Deoxy-2-fluoro-( -+-) 
erythritol (0-062 g.) in dry pyridine (5 c.c.) containing toluene-p-sulphonyl chloride (1 g.) was 
kept at room temperature for 24 hr., then poured into water (50 c.c.), The product, extracted 
with chloroform, washed with 2n-hydrochloric acid, sodium hydrogen carbonate solution, and 
water, dried (Na,SO,) and recovered by evaporation im vacuo, was a colourless syrup (0-2 g.) 
This was dissolved in propan-2-ol-ether; the 1: 3: 4-tri-O-toluene-p-sulphonate separated and 
recrystallised from propan-2-ol as rhombic crystals, m. p, 85° (Pound ; C, 51-2; H, 4-7; S, 15-2; 
F, 3-0. C,,H,,0,S,F requires C, 51-2; H, 4-6; S, 16-3; PF, 3-2%). 

2-Deoxy-2-fluoro-1 : 3: 4-tri-O-toluene-p-sulphonyl-( 4-)-threitol.—The threitol (0-2 g.) in dry 
pyridine (10 ¢.c.) containing toluene-p-sulphony! chloride (2 g.) yielded, as above, the 1:3: 4 
tri-O-toluene-p-sulphonate as needles, m, p. 115° (Found: C, 51-1; H, 44; 5, 15-2; F, 3-0° 


’ 0}. 


Oxidation of 2-Deoxy-2-fluoro-(+-)-erythritol with Sodium Metaperiodate.—The rate of 
oxidation of 2-deoxy-2-fluoro-(-+4-)-erythritol was compared with that of erythritol under the 
following conditions, 0-Im-Sodium metaperiodate (10 c.c.) was added to a solution of the 
erythritol (0-062 g.) in water (10 c.c.) in a glass-stoppered brown bottle, After intervals, 2 c. 
portions were removed and transferred immediately into 3 c.c. of 0-5m-sodium hydrogen 
carbonate solution and 2 c.c. of 0-05mM-potassium iodide The iodine liberated was titrated 
with 0-05m-sodium thiosulphate, 
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2-Deoxy-2-fluoro-( 4-)-erytheritol. 


Time (min.) are 
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kerythritol. 
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2- Deoxy -2-fluoro-(4-)-glyceraldehyde (a-Fluovo-@-hydroxypropaldehyde).—-To 2-deoxy-2 
fluoro-(--)-erythritol (5-12 g.) in water (20 c.c.) was added sodium metaperiodate (8-85 g.) in 
water (100 c.c.), and the solution kept at room temperature for 30 min. The aqueous solution 
was evaporated to dryness in vacuo at 50° to remove formaldehyde (identified as the 2: 4 
dinitrophenylhydrazone), The residue was extracted with ether (10 x 100 c.c.), the extract 
dried (Na,SO,), and the solvent removed in vacuo, to leave a syrup (3-29 g.) which on distillation 
gave 2-deoxy-2-fluoro-(-+-)-glyceraldehyde, 4 60°/0-05 mm., n? 1-1446 (Found: C, 39-2; 
H, 63 H,O,F requires C, 39-1; H, 55%). This reduced Fehling’s solution on warming 
and gave a positive test with Schiff's reage nt. "With 2; 4-dinitrophenylhydrazine in 2n-hydro 
chloric acid it gave an immediate yellow precipitate of a fluorine-free hydrazone, m. p. 125° 
(Found: C, 40-1; H, 3-3; N, 244. C,,H,,O,N, requires C, 40-0; H, 3-1; N, 249%). The 
m, p, of the nydrazone varied in different preparations (120° to 125°), which suggested poly 
morphism, 

Reduction of 2-Deoxy-2-fluoro-( 4-)-glyceraldehyde with Lithium Aluminium Hydride.—The 
aldehyde (0-5 g.) in dry ether (100 c.c.) was added dropwise to a stirred solution of lithium 
aluminium hydride (2 g.) in ether (150 c.c.) Excess of hydride was decomposed by water at 0° 
after which 5n-sulphuric acid (30 c.c.) was added. The aqueous layer was neutralised with 
magnesium carbonate, the resulting solid extracted with boiling ethyl acetate-ethanol (3: 1 
viv; 2 100 c.c.), and the extract dried (Na,SO,). Evaporation in vacuo left 2-fluoropropane- 
1: 3-diol (2-deoxy-2-fluoroglycerol) as a colourless syrup (0-3 g.). This was dissolved in dry 
pyridine (10 c.c.) containing toluene-p-sulphonyl] chloride (2 g.) and kept at room temperature 
for 24 hr, after which it was poured into water (100 c.c.) and the syrup which separated was 
extracted with chloroform and isolated by the usual procedure, to give 2 fuer 1 : 3-ditoluene 
p-sulphonyloxypropane as a brown syrup. This separated from propan-2-ol-ether as a light 
brown solid which crystallised (charcoal) from ethanol as needles, m. p. 109° (Found: C, 50-6; 
H, 4-5; S, 14-6; F,45. C,,H,,O,5,F requires C, 50-7; H, 4-7; S, 15-9; F, 4:7%). 

Oxidation of Isomeric Fluoroglycerols with Sodium Metaperiodate.—The rates of oxidation 
of glycerol, 2-deoxy-2-fluoroglycerol, and 1-deoxy-1-fluoro-(+-)-glycerol® (b. p, 42—45°/0-05 


mm., 14198) were compared under the conditions described for 2-deoxy-2-fluoro-(- 


erythritol 
Gly erol 


lime (min,) bovences 
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1-fluoro-( 4-)-glycerol. 
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422. The Stability of Cowmarinic Acids. Chelation of the 
Hydroxyl Group. 
By MALcoLM CRAWFORD and J. W. RASBURN. 


Examination of a number of new and known substituted coumarins has 
established that free coumarinic acids can readily be isolated from 8-nitro- 
coumarins but not from other nitrocoumarins. ‘The stability of these acids 
is attributed to chelation of the nitro-group wlth the neighbouring hydroxyl 
group. The isomeric coumaric acids have also been prepared, 


3-NiTROCOUMARINIC ACID (II; R = R’ = H) was obtained by Miller and Kinkelin! on 
acidification of an alkaline solution of 8-nitrocoumarin ([; R= R’ =H), The acid 
reverts readily in solution, or when heated, to the coumarin. The trans-isomer, 3-nitro 


(1) 


coumaric acid (III; R R’ = H), was much more resistant to cyclisation. Since then 
the isolation of various coumarinic acids has been claimed,® but some of these containing 
8-methyl groups were later shown ® to be coumaric acids. It is therefore unsafe to assign 
cis (coumarinic) or trans (coumaric) structure to these acids unless both isomers are 
prepared and their tendencies to coumarin formation are compared, as has been done for 
most of the examples given below. 

The present work shows that 8-nitrocoumarins give stable coumarinic acids. The 
cyclisation of a coumarinic acid to its coumarin probably takes place by stages which will 
not differ appreciably from those in the annexed formula sequence. Chelation of the 


H 


4O 4 2) 
= ie ie D 3 = HO+ 
SCA ZA ~ 


a6 a 


hydroxy! group with an o-nitro-group, as in 3-nitrocoumarinic acid (II1), known to oceur 
in ¢-nitrophenol, will oppose the loss of a proton in the last stage of the cyclisation, and thus 
stabilise the coumarinic acid. 

The negative character or electron-attractive power of the stabilising group has been 
held responsible for the stability of some coumarinic acids,* yet 6-nitrocoumarin does not 
yield a stable coumarinic acid, a fact used by Dey and Krishnamurthi ® in its separation 
from 8-nitrocoumarin. The 8-nitrocoumarins (I) in which R H and R’ Me, Bu‘, Ph, 
Cl, Br, or OMe, are now shown to give isolable coumarinic acids which are distinct from the 
coumaric acids, which were also prepared. On the other hand the 6-nitrocoumarins (IV; 
R Me, Pr', Ph, Br, and OMe) and (V) do not give isolable coumarinic acids. Thus it 

Miller and Kinkelin, Ber,, 1889, 22, 1706 

(a) Jordan and Thorpe, J,, 1915, 107, 387; Dey, ibid, p. 1606; (b) Clayton, /., 1910, 97, 1388 
Murty, Rao, and Seshadri, Proc. Indian Acad. Sci., 1937, 6, A, 316 

Sethna and Shah, Chem. Rev., 1945, 36, 23; Whalley, /., 1951, 3235 

Dey aud Krishnamurthi, /. Indian Chem. Soc., 1927, 4, 197 
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is clear that the mere bulk of the 8-substituent is not responsible and that the 6-nitro- 
vroup 1s ineffective. 

[hat chelation of the nitro- and the hydroxy-group stabilises coumarinic acids is 
supported by the low stability of the acid from 7-methyl-8-nitrocoumarin (I; R = Me, 
K’ == H), where the 7-substituent interferes with the coplanarity of the 8-nitro-group and 
the ring, which is necessary for maximum chelation with the o-hydroxy-group. When 
a further substituent is introduced into the 6-position, as in (1; R = R’ = Me), (VI), and 
(VII), the resulting buttressing action pushes the 7-methyl group in the direction of th: 


&-nitro-group, thus moving the latter further from coplanarity and further reducing 
chelation and the stability of the coumarinic acid, as now observed. Lower stability wa 
reported by Clayton ™ for the acid from (VII). 

rhe introduction of a 7-hydroxyl group has a very different effect. 7-Hydroxy-8-nitro 
coumarin (VIII) gives a remarkably stable coumarinic acid, in which the nitro-group 
appears to be doubly chelated by a hydroxyl group on each side. Thus held from both 
sides in the plane of the ring, the nitro-group is less subject to the twisting effect of thermal 
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agitation and hence proton loss is opposed all the more. 7-Hydroxy-6: 8: 2’-trinitro 
3; 4-benzocoumarin (LX) also gives a stable acid of coumarinic type; in it the crs-con- 
figuration is necessitated (there can be no trans-isomer) 

Examination of 8-cyanocoumarin (X) gives further evidence in favour of chelation 
rhe nitrile group, although electron-attractive, cannot, however, owing to its linearity, 
form a chelate linkage with an o-hydroxy-group; as expected, no stable coumarinic acid 
was obtained from this coumarin 


I XPERIMENTAI 
2: 4-Dihydroxy-3 ; 5-dinitroallocinnamic Acid.-A_ solution of 7-hydroxy-6 : 8-dinitro 
coumarin (0-5 g.), prepared according to Clayton,” in a mixture of 10% sodium hydroxide 
solution (3 ml.) and water (10 ml.) was boiled for 5 min., cooled in ice, filtered, and added to 
an ice-cooled mixture of 2n-hydrochloric acid (8 ml.) and water (not more than 10 ml.). The 
precipitate of acid was washed with a little ice-water and crystallised from 30% aqueous alcohol 
as yellow needles, m. p. 160--161° (Found: C, 40-3; H, 24; N, 100. C,H,O,N, requires 
C, 40-0; H, 2-2; N, 104%). 
6-Methyl-8-nitrocoumarin..-A mixture of 2-hydroxy-5-methyl-3-nitrobenzaldehyde * (9 g.), 
sodium acetate (13-5 g.), and acetic anhydride (20 ml.) was refluxed for 34 hr. The resulting 
dark brown solid was extracted with 50% acetic acid (200 ml.), The extract was treated with 
charcoal and cooled, affording the coumarin (6-85 g.),m. p. 174° after three crystallisations with 
charcoal from acetic acid (Found: C, 58-7; H, 3-4. C,,H,O,N requires C, 58-5; H, 3-4%). 
5-Methyl-3-nitrocoumaric Acid,-The first mother-liquor in the foregoing preparation was 
concentrated to 50 ml. and diluted with water (400 ml.), The precipitate was extracted with 
cold 5% sodium carbonate solution, and the filtrate boiled for 15 min. for deacetylation, cooled, 
and acidified, The precipitate was extracted with sodium hydrogen carbonate solution and 
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reprecipitated. Kecrystallisation from 50% alcohol gave yellow needles of the acid (0-75 g.), 
m. p. 234-—236° (decomp.) (Found : C, 53-5; H, 42. C,,H,O,N requires C, 53-8; H 41%) 

5-Methyl-3-nitrocoumarinic Acid.—6-Methy!-8-nitrocoumarin (0-5 g.) was dissolved in hot 
sodium hydroxide solution, filtered cold, cooled further to 0°, and added to chilled hydrochloric 
acid, The yellow acid precipitated was washed with ice-water and recrystallised from aqueous 
alcohol as yellow needles, m. p. (sealed tube) 166--167° (decomp. to a solid of m. p. 173-174") 
(Found: C, 53-9; H, 3-9; N, 6-0. C,,H,O,N requires C, 53-8; H, 4-1; N, 63%). 

5-tert.-Butyl-2-hydroxybenzaldehyde.-—p-tert.-Butylphenol (100 g.), hexamethylenetetramine 
(100 g.), glycerol (600 g.), and boric acid (140 g.) were treated, according to the conditions of the 
Duff reaction, to give a pale yellow oil (32 g.), yielding on distillation the aldehyde (21-4 g.), 
b. p. 80-—86°/1 mm., and a fraction (7 g.), b. p. 86-—08°/l1 mm, The phenylhydrazone of the 
aldehyde had m. p. 184° as reported by Henry and Sharp.’ 

3: 5-Di-tert.-butyl-2-hydroxybenzaldehyde.—The foregoing higher-boiling fraction, which 
partly solidified on cooling, gave on recrystallisation from alcohol the new aldehyde (1-6 g.), 
m. p. 61-5—63° (Found: C, 76-4; H, 9-6. C,,H,,O, requires C, 76-9; H, 95%). Its phenyl 
hydrazone, plates from aqueous alcohol, had m. p. 140-5—141-5° (Pound; C, 77:7; H, 87; 
N, 875. C,,H,,ON, requires C, 77-7; H, 8-7; N, 86%). This aldehyde probably arises from 
2: 4-di-tert.-butylphenol present in the sample of p-/ert.-butylphenol used, Its resistance to 
bromination and nitration indicates that it is not an octyl compound, 

5-tert.-Butyl-2-hydroxy-3-nitrobenzaldehyde.—-5-tert.-Butyl-2-hydroxybenzaldehyde (5-35 g.) 
was treated at room temperature with fuming nitric acid (1-3 ml.) in acetic acid (47 ml.). Three 
crystallisations of the product from alcohol gave the mttro-aldehyde (4 g.) as pale lemon-yellow 
plates, m. p. 91—-92° (Found: C, 69-4; H, 5-6; N, 61. C,,H,,O,N requires C, 59-2; H, 5-9; 
N, 63%) 

6-tert.-Butyl-8-nitrocoumarin.--The foregoing nitro-aldehyde (4-46 g.) was subjected to the 
Perkin reaction. The product was boiled with acetic acid (100 ml.) and filtered, the filtrate 
boiled with charcoal and filtered hot. Dilution of this filtrate with water (500 ml.) gave a 
precipitate, which was extracted with cold 5% sodium carbonate solution. The residue on 
two crystallisations (charcoal) from 80°, acetic acid gave the nitrocoumarin (1-93 g.) as colourless 
plates, m. p. 175—-176° (Found: C, 63-2; H, 5-3; N, 56. Cy lH sO,N requires C, 63-2; H, 5-3; 
N, 57%). 

5-tert.-Butyl-3-nitrocoumaric acid.-—Acidification of the sodium carbonate extract from the 
last preparation gave this acid (0-33 g.), yellow plates, m. p, 222--223° (decomp.) (from aqueous 
alcohol) (Found: C, 59-2; H, 5-6; N, 5-2. C,,H,,O,N requires C, 58-9; H, 57; N, 63%). 

5-tert.-Butyl-3-nitrocoumarinic Acid.—-A filtered and chilled solution of 6-tert.-butyl-s- 
nitrocoumarin (0-5 g.) in dilute sodium hydroxide solution was added to chilled dilute hydro- 
chloric acid. The precipitate, washed with cold water and recrystallised from aqueous alcohol, 
gave yellow needles of the acid, m. p, 133---134° (decomp.), second m, p, 174-175" (Found : 
C, 58-6; H, 57% 

2-Hydroxy -3-nitro -5-phenylbenzaldehyde.-—2- Uydroxy-5-phenylbenzaldehyde (5-85 g.), 
obtained from p-hydroxydiphenyl by the Duff reaction, was nitrated in acetic acid at 20-—-30°, 
giving the nitro-aldehyde (6-7 g.) as orange-yellow needles (from alcohol), m,. p. 115-—-116° 
(Found : C, 63-6; H, 3-7; N, 5-7. CysH,O,N requires C, 64-2; H, 3-7; N, 58%). 

8-Nitro-6-phenylcoumarin.—-The foregoing aldehyde (6-07 g.), subjected to the Perkin 
reaction for 8 hr., gave the coumarin (4-07 g.). On repeated recrystallisation with charcoal from 
aqueous acetic acid it formed pale yellow needles, m. p. 178—178-5° (Found: C, 67-5; H, 3-2; 
N,5-3. C,,H,O,N requires C, 67-4; H, 3-4; N, 5-2%) 

3-Nitro-5-phenylcoumaric Acid,—The sodium carbonate extract of the crude initial product 
of the foregoing Perkin reaction yielded the acid (0-27 g.), yellow needles (from alcohol), m. p 
225—-226° (decomp.) (Found: C, 63-3; H, 3-9; N, 48. CysH,,O,N requires C, 63-2; H, 3-9; 
N, 49%) 

3-Nitro-5-phenylcoumarinic acid.-Prepared from 8-nitro-6-phenylcoumarin (0-5 g.), this 
acid, orange-yellow needles from alcohol, had m. p. 180--181° (decomp.) in a sealed tube (after 
cooling, m. p. 177-—178°) (Found : C, 62:8; H, 3-9; N, 46%), 

6-Chloro-8-nitrocoumarin,——5-Chloro-2-hydroxy-3-nitrobenzaldehyde (10-08 g.), mm. p. 
108—109°, obtained from 5-chloro-2-hydroxybenzaldehyde (lit.,4 m. p, 105—107°), gave the 
coumarin (6-65 g.) by the Perkin reaction, as colourless needles (from 80%, acetic acid), 


* Borsche, Ber., 1917, 60, 1345 
’ Henry and Sharp, /., 1926, 2437 
* Lovett and Roberts, /., 1928, 1978 
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154° (bound ; ; ‘6; N, 62. C,H,O,NCI requires C, 47-9; H, 1-8; 
N, 629% 

5-Chlovo-3-nilrocoumaric Acid.—Acidification of the sodium carbonate extract of the initial 
product from the preceding Perkin reaction gave the acid, yellow needles (0-31 g.), m. p 
221-222" (decomp.) (from aqueous alcohol) (Found: C, 449; H, 2-4; N, 569. C,H,O,NCI 
requires C, 44-4; H, 2-6; N, 56-86%). 

5-Chlovo-3-nitrocoumarimc Acid,-Prepared from 6-chloro-8-nitrocoumarin as yellow plates 
from aqueous alcohol, this acid had m. p, 146—147° (decomp.), second m p. 151—152° (Found : 
C, 446; H, 26; N, 68%). 

6-Bromo-s-nitrocoumarin,—5-Bromo-2-hydroxy-3-nitrobenzaldehyde (12-3 g.), obtained 
by bromination of salicylaldehyde and nitration of the product, was submitted to the Perkin 
reaction for 3 hr. Repeated recrystallisation of the product from aqueous acetic acid with 
charcoal gave the nitrocoumarin (88 g.) as pale yellow needJes, m. p, 180-—-180-5 (Found 
C,40-3; H, 16; N, 50. C,H,O,NBr requires C, 40-0; H, 1-5; N, 56-2%). 

h- Bromo-3-nitrocoumaric Acid.—Acidification of the sodium carbonate extract of the initial 
product from the preceding Perkin reaction gave the acid (0-23 g.), yellow needles, m. p. 237 
248° (decomp,) (from aqueous alcohol) (Found: C, 37-5; H, 2-1; N, 50. C,H,O,NBr requires 
C, 37-5; H, 2-1; N, 40%). 

5-Bromo-3-nitrocoumarinic Acid,-Prepared from 6-bromo-8-nitrocoumarin as golden 
yellow platelets (from aqueous alcohol), this isomer had m. p. 148-—149° (decomp.), second 
m. p. 178-180" (Found; C, 37-8; H, 20; N, 48%). 

6- Methoxy-8-nitrocoumarin,—2-H ydroxy-5-methoxy-3-nitrobenzaldehyde* (2 g.) gave in 
a Perkin reaction (34 hr.) the cowmarin (1-35 g.) as pale yellow needles (from acetic acid), m. p. 
219.—219-5° (Found ;: C, 54-0; H, 3-56; N, 63. C,,H,O,N requires C, 54:3; H, 3-2; 6-3%) 

5-Methoxy-3-nitrocoumaric acid.--This acid was obtained from the products of the preceding 
Perkin reaction in two forms (orange needles and red prisms), both of which (from alcohol) 
had m, p, 226-—-227° (decomp.) (Found: C, 50-0; H,40; N, 60. C,,H,O,N requires C, 50-2; 
H, 38; N, 69% 

Vethoxy-3-nitrocoumarinic acid was obtained from 6-methoxy-8-nitrocoumarin as 
eedles (from alcohol), m. p. (sealed tube) 167° (decomp.), second m. p. 215—217 
C, 50-6; H, 4-0; N, 5-7%) 

4- Methyl-6-nitrocoumarin,-—-2-Hydroxy-3-methyl-5-nitrobenzaldehyde (6-03 g.), prepared 
by nitration of 2-hydroxy-3-methylbenzaldehyde, gave by the Perkin reaction, after several 
recrystallisations from dilute acetic acid (charcoal), the nifrocowmarin (4:8 g.), colourless needles, 
m. p. 197-198" (Found: C, 58-4; H, 3-4. Cy ,H,O,N requires C, 58-5; H, 34%). On careful 
acidification at 0° of its solution in alkali only the nitrocoumarin and no coumarinic acid was 
obtained 

3-Methyl-5-nitrocoumaric Acid This acid (0-13 g.) was obtained from the carbonate extract 
of the initial product of the foregoing Perkin reaction as almost colourless needles, m, p. 233 
234° (decomp.) (from aqueous alcohol) (Found; C, 54-0; H, 41; N, 62. Cy )H,O,N requires 
C, 63-8; H, 41; N, 63%), 

2-H ydroxy-3-isopropylbenzaldehyde,—-o-isoPropylphenol (100 g,), by the Duff reaction, gave, 
in the final steam-distillation, first a pale yellow oil (16-5 g.), and then colourless needles 
(1-3 4 Distillation of the oil afforded the aldehyde (15-5 g.), b. p. 88-—94°/6 mm. (Found 
C, 720; H, Tl. CyH,,O, requires C, 73:1; H, 74%). The colourless needles on 
recrystallisation had m, p. 80—81° and consisted almost certainly of 2: 4-diformyl-6-iso 

vopyl phenol (Found: C, 69-0; H, 6-4. C,,H,,O, requires C, 68:7; H, 63%) 

2. Hydroxy--nitro-3-isopropylbenszaldehyde.—Treatment of 2-hydroxy-3-i:sopropylbenzalde 

hyde (10-5 g.) with fuming nitric acid in acetic acid at room temperature gave the nitro-aldehyde 
as pale yellow plates (from acetic acid), m. p. 105--106° (Found: C, 57-7; H, 5-5; 
ofl, ,O,N requires C, 57-4; H, 5-3; N, 6-7%) 

6-Nitro-8-isopropylcoumarin.—-The foregoing nitro-aldehyde (5-23 g.) on 10 hours’ submission 
to the Perkin reaction gave the coumarin (3-5 g.) as colourless plates (from 80%, acetic acid), 
m. p, 152-153° (Found: C, 61-8; H, 48; N, 59. C,,H,,O,N requires C, 61-8; H, 4-8; 
N, 60° No coumarinic acid could be isolated, nor did a coumaric acid appear to be formed 
during the Perkin reaction 

3-tert.-Butyl-2-hydroxy-6-methylbenzaldehyde.—The Duff reaction on 2-fert.-butyl-5-methyl 
phenol (100 g.) gave the almost colourless aldehyde (14 g.), m. p. 23-—23-5°, b. p, 104-—106°/3 
mm, (Found: C, 74-6; H, 82. C,,H,,O, requires C, 75-0; H, 8-4%) 


* Rubenstein, / 1925, 127, 1098 
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3-tert.-Butyl-2-hydroxy-6-methyl-5-nitrobenzaldehyde.—-Nitration of the foregoing aldehyde 
(5-6 g.) in acetic acid at 35° gave the nitro-aldehyde (4 g.) as pale yellow needles or plates (from 
alcohol), m. p. 114—-114-5° (Found: C, 61-1; H, 66; N, 5-9. C,,H,,;O,N requires C, 60-8; 
H, 6-4; N, 5-9%) 

8-tert.-Butyl-5-methyl-6-nitrocoumarin..-When the foregoing nitro-aldehyde (1:19 g.) was 
submitted to the Perkin reaction for 14 hr. the nitrocowmarin (0-88 g.) resulted, forming pale 
yellow needles, m. p. 141-5—-142-5°, after successive recrystallisations from 50% acetic acid 
and from alcohol (Found: C, 640; H, 58. C,,H,,O,N requires C, 64-4; H, 58%). No 
coumaric acid appeared to be formed nor could a coumarinic acid be isolated, 

2-Hydroxy-5-nitro-3-phenylbenzaldehyde.—Nitration of 2-hydroxy-3-phenylbenzaldehyde 
(7 g.) in acetic acid at room temperature gave the nitro-aldehyde (6-5 g.) as light brown needles 
(from alcohol), m. p. 143-—-144° (Found ; C, 64-2; H, 3-7; N, 59. C,,H,O,N requires C, 64:2; 
H, 3-7; N, 58%). 

6-Nitro-8-phenylcoumarin.—Submitting the foregoing nitro-aldehyde (4-05 g,) to the Perkin 
reaction for 7 hr. gave the nitro-coumarin (1:95 g.) as colourless needles, m. p, 210-211", from 
80% acetic acid (charcoal) (Found: C, 67-4; H, 3-6; N, &2. C,,H,O,N requires C, 67-4; 
H, 3-4; N, 52%). A very small amount of an acid, presumably crude 5-nitro-3-phenylcoumaric 
acid, m. p. 185—-190° (decomp.), was isolated from the mother-liquors. 

8-Bromo-6-nitrocoumarin,—This compound was prepared from 6-nitrocoumarin in 83% 
yield by Dey and Row’s method,” considerably improved by using concentrated sulphuric 
acid in place of acetic anhydride. No coumaric could be obtained. 

3-Methoxy-5-nitrocoumaric acid,—By Dey and Kutti's method " 8-methoxy-6-nitrocoumarin, 
m. p. 206-—207°, was obtained in 42% yield in 8 hr. instead of 17 hr., from 2-hydroxy-3 
methoxy-5-nitrobenzaldehyde (9-85 g.). The mitrocoumaric acid (0-22 g.), m. p, 252-—253° 
(decomp.), cream-coloured needles from aqueous alcohol, was also isolated (Found; C, 50-7; 
H, 4:2; N, 58. C,,H,O,N requires C, 50:2; H, 3-8; N, 59%) Che coumarin could not be 
converted into a stable coumarinic acid. 

Nitration of 2-Hydroxy-4-methylbenzaldehyde.—The aldehyde (13-4 g.) was nitrated in acetic 
acid at room temperature to give a mixture of nitro-compounds separated by fractional 
crystallisation of their sodium salts from water and further crystallisation of the free nitro 
aldehydes from alcohol into the 3-nitro- (2-9 g.), m. p. 106-—-107°, and 5-nitro-compound (6-2 g.), 
m. p. 146—147°. Clayton™ gives m. p. 126—-127° for the former and does not mention the 
latter, which he prepared by a different method, It is considered that Clayton’s m. p. is in 
error. 

7-Methyl-8-nitrocoumarin._Submission of 2-hydroxy-4-methyl-3-nitrobenzaldehyde (1:45 
g.) to the Perkin reaction for 44 hr. gave the coumarin (0-85 g.), m. p. 166--167°. Clayton™ 
reported m. p. 165—166°. A coumarinic acid was obtained by acidifying its alkaline solution at 0°, 
This acid is obviously of very low stability as it could not be obtained at room temperature, 
The dry solid could be kept at room temperature but reverted to the coumarin below its m. p. 

6: 7-Dimethyl-8-nitrocoumarin.—-3 ; 4-Dimethylphenol was converted by the Duff reaction in 
29°, yield into 2-hydroxy-4 : 5-dimethylbenzaldehyde, which was nitrated in 78% yield to 
2-hydroxy-4 : 5-dimethyl-3-nitrobenzaldehyde, which (5-6 g.) in the Perkin reaction (3 hr.) gave 
the nitrocoumarin (3-5 g.), m. p. 202-—203°, as pale yellow plates from 80% acetic acid. 
Clayton “ obtained this compound, but records m. p. 190-194". 

4: 5-Dimethyl-3-nitrocoumaric Acid.—Extraction of the crude product from the foregoing 
Perkin reaction with sodium carbonate solution afforded the nitrocoumaric acid (0-46 g.) as 
yellow plates (from alcohol), m. p. 215—216° (decomp.) (Found: C, 55:5; H, 48; N, 59, 
C,,H,,0O,N requires C, 55-7; H, 4-7; N, 59%). 

4 : 5-Dimethyl-3-nitrocoumarinic acid was precipitated on acidification of an alkaline solution 
of the coumarin at 0°. Even after drying, the acid was not very stable. Its m. p, could not 
be determined. It reverted in a few hours to the coumarin 

3-Chlovo-6-hydroxy-2 : 4-dimethyl-5-nitrobenzaldehyde 3-Chloro-6-hydroxy-2 : 4-dimethy! 
benzaldehyde (9-23 g.), prepared by the Duff reaction from 4-chloro-3 : 5-dimethylphenol, was 
nitrated in acetic acid at 20-—30° to give the nitro-aldehyde (10-7 g.), pale yellow needles (from 
alcohol), m. p. 139—140° (Found: C, 47-4; H, 3-5; N, 59; Cl, 15-2. C,H,O,NCI requires 
C, 47-1; H, 3-5; N, 61; Cl, 15-4%). 

6-Chloro-5 : 1-dimethyl-8-nitrocoumarin,.On submission of the foregoing aldehyde (5-74 4.) 
to the Perkin reaction for 8 hr. the coumarin (4-4 g.) was obtained as light brown needles (from 


Dey and Row, J., 1924, 125, 554 
1) Dey and Kutti, Proc. Nat. Inst. Sci. India., 1940, 6, 641 
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ROY, acetic acid; charcoal), m. p. 205—206° (Found: C, 52-2; H, 3-0; N, 57; Cl, 13-5. 
C,,H,O,NCI requires C, 62-1; H, 3-2; N, 5-5; Cl, 140%). None of the corresponding coumaric 
acid was isolated. The coumaric acid was obtained at 0°. The dry acid reverted to the 
coumarin within 24 hr. 

7-HHydvoxy-6 : 8: 2’-trinitro-3 : 4-benzocoumarin..—7-Hydroxy-3 : 4-benzocoumarin (5 g.), 
prepared in 29%, yield from o-bromobenzoic acid and resorcinol according to Hurtley,’* was 
nitrated with mixed acid, Repeated crystallisation of the product from 60%, acetic acid gave 
the trinitrocoumarin (1-5 g.) a8 yellow needles, m. p. 253° (decomp.) (Found: C, 45-4; H, 1-5; 
N, 12-6. C,,H,O,N requires C, 45-0; H, 1-5; N, 12:1%). There seems little doubt as to the 
positions taken up by the nitro-groups. 

2’ : 4’-Dihydroxy-3’ : 4 : &’-trinitrodiphenyl-2-carboxylic Acid.--The foregoing coumarin 
(0-5 g.) was converted into the coumarinic acid with the minimum of alkali and water on account 
of the ready solubility of the acid ; the product formed yellow crystals, m, p. 135--136° (decomp.), 
from aqueous alcohol (Found ; C, 43-1; H, 2-1; N, 11-3. C,,H,O, )N, requires C, 42-8; H, 1-9; 
N, 115%) 

8-Cyanocouwmarin,—-Powdered 8-aminocoumarin (4-03 g.) was diazotised in hydrochloric 
acid, the product added to potassium cuprocyanide solution at 85-—90°, and the mixture stirred 
for 1 hr., cooled, and filtered, The alcoholic extract of the residue, on concentration, deposited 
the dark solid cyanocoumarin, yielding almost white needles (2 g.), m. p. 221-5-—222-5°, on 
several recrystallisations from alcohol (charcoal) (Found: C, 70-6; H, 2-9; N, 835. C,,H,O,N 
requires C, 70-2; H, 2-9; N, 82%). Nocoumarinic acid could be isolated. 
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423. Potential Antiviral Thiourea Derivatives. 
By No. Pu. Buvu-Hof, Nc. D. Xuonc, and Nc. H. Nam. 


Numerous thiourea derivatives, including 4-aryl-, 1: 4- and 2: 4-diaryl-, 
|-(arylaminothioformy]l)-, 4-aryl-1-(arylaminothioformy])-thiosemicarbazides, 
and aryliminothiazolines, have been synthesised as potential antiviral 
agents 


PRELIMINARY chemotherapeutic tests on mice showed recently that a number of thiourea 
derivatives are effective against infection by influenza virus (strain PR 8, type A).' A 
broad investigation has been made of the relation between chemical structure and antiviral 
activity in sulphur derivatives bearing a thiourea or a thiosemicarbazide group, and the 
present paper records the chemical work, 

Several compounds showing antiviral properties contain an ~>N-N< group, as is the 
case with some thiosemicarbazones * and NN-dimethylaminobenzaldehyde tsonicotinoyl- 
hydrazone;? this suggested the preparation of substances bearing both a sulphur atom 
and a hydrazine group. The reaction of aryl isothiocyanates with hydrazine hydrate * 
in great excess and at low temperature in ethanol readily gave 4-arylthiosemicarbazides 
Ar-NIL-CS*NH-NH,; under these conditions, only one amino-group of hydrazine reacted, 
and the products were purer than those obtained by hydrazinolysis of NN’-diarylthioureas.* 
Among the substances thus prepared, 4-p-fluorophenylthiosemicarbazide was remarkable 
for its high toxicity in animals. 4-Arylthiosemicarbazides with ary] isothiocyanates gave 


Ar’‘NH-‘CS‘NH-NH’CS‘NHAr’ Ar*‘NH-CS*NH-NH-CO:NHAr’ 
(1) (II) 


NN’-di(arylaminothioformyl)hydrazines (1) (Table 1); with aryl ‘socyanates, the reaction 
was more violent but led to a parallel series (II) (Table 2) 


' Buu-Hol, Gley, Xuong, and Bouffanais, Compt. rend., 1954, 238, 2582 
* Minton, Officer, and Thompson, /. Jmmunol., 1953, 70, 222, 229 
Cf. Pulvermacher, Ber., 1803, 26, 2812 
ch and Bauer, Ber., 1900, 33, 1061 
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Marckwald ® and Dixon ® both found that pheny! :sothiocyanate and phenylhydrazine 
gave 2 : 4-diphenylthiosemicarbazide in the cold, and the | : 4-isomer at high temperature, 
and Busch® showed this difference to arise from thermal rearrangement of the 
2: 4-compound. A number of aryl isothiocyanates have now been found to react with 
phenylhydrazine according to the same pattern; in other cases, however, a | : 4-diaryl- 
thiosemicarbazide (IV) was obtained at both low and high temperature, the 2 : 4-isomer 


NH,‘NPh-CS-NHAr => NHPh:NH-CS‘NHAr 
(111) (IV) 


(IIL) probably rearranging even in the cold. Table 3 records a number of 4-aryl-1-phenyl 
thiosemicarbazides, - 

Aryl isothiocyanates and thiosemicarbazide yielded 1-(arylaminothioformyl)thiosemi 
carbazides (V) (Table 4); 1-(arylaminothioformy!)semicarbazides (VI) were similarly 


Ar’NH-CS*NH-NH:CS:‘NH, Ar*NH-’CS‘NH-NH’CO'NH, 
(V) (VI) 


obtained with semicarbazide. The “‘ symmetrical "’ formula (V) and (VI) are assumed 
because of the stability of those compounds to heat; the alternative unsymmetrical 
formulz would correspond to compounds which would probably undergo thermal 
rearrangement. 

Von Walther’? found that w-bromoacetophenone with thiocarbanilide gave 3: 4-di 
phenyl-2-phenylimino-A*-thiazoline, and this reaction has now been applied to some 
antiviral and tuberculostatic substituted thiocarbanilides. In every instance, only on 
of the two possible 3 : 4-diaryl-2-arylimino-A*-thiazolines (VIII) was obtained; from the 


Ar’N:C(SH)*NHAr setidadt : cH 
(VII) Ar-N——CAr" 


(ViIN) 


results of von Walther’s degradation of similar unsymmetrical compounds, it can be assumed 
that the arylimino-radical in the thiol form (VII) of unsymmetrical thiocarbanilides 
involves the more bulky aryl group. 

Results of the antiviral tests with a number of compounds deseribed herein have 
recently been reported elsewhere ;*® in tests for tuberculostatic properties in vitro, none of 
the compounds showed significant activity. 


EXPERIMENTAL 


M. p.s are the temperature of instantaneous fusion, determined on Maquenne and Kofler 
blocks 

Preparation of 4-Arylthiosemicarbazides._-To an ice-cooled solution of 95% hydrazine 
hydrate (2 mol.) in ethanol, the appropriate aryl isothiocyanate (1 mol.) in ethanol was added 
in small portions with stirring; the condensation was generally strongly exothermic.” The 
solid precipitate of the 4-arylthiosemicarbazide formed in almost theoretical yield was washed 
with aqueous ethanol and recrystallised from ethanol. 4-p-l’luorophenylthiosemicarbazide, 
needles, m. p. 189° (Found: N, 22-5. C,H,N,SF requires N, 22-7%), gave 4-p-fluorophenyl 
thiosemicarbazones from: p-chlorobenzaldehyde, needles, m. p. 205° (from ethanol—benzene) 
(Found: N, 13-6. C,,H,,N,SCIF requires N, 13-6%); piperonaldehyde, prisms, m. p, 223° 
from ethanol—benzene) (Found: N, 13-0, ©,,H,,O,N,5F requires N, 13-2%). Also prepared 
were: 4-p-ethoxyphenyl-, needles, m. p. 145° (Found: C, 60-9; H, 61, C,H,,ON,S requires 
C, 51-1; H, 61%); 4-p-ethylphenyl-, needles, m. p. 131° (Found: N, 21-4. C,H,,N,5 requires 


® Marc kwald, Ber., 1892, 25, 3107; Dixon, J , 1892, 61, 1013 

* Busch, Ber., 1909, 42, 4599; Busch and Limpach, Ber, 1911, 44, 1579 

7 Von Walther, J. prakt. Chem., 1907, 75, 188 

* Buu-Hoi, Gley, Bouffanais, Xuong, and Nam, Experientia, 1956, 12, 73 

* Guha and Ray, /. Amer. Chem. Soc., 1925, 47, 387; Fromm, Annalen, 1926, 447, 304 
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N, 215%); 4-m-chlorophenyl-, leaflets, m. p. 116° (Found: N, 20-5. C,H,N,SCl requires 
¥, 208%); 4-p-chlorophenyl-, m. p. 191° (Busch and Ulmer” gave m. p. 180°); 4-m-tolyl-, 
m. p. 108° (Found: N, 23-0. C,H,,N,5 requires N, 23-2%), and 4-6-naphthyl-thio 
ivbazide, prisms, m. p. 178° (Found: N, 19-0, C,,H,,N,S requires N, 19-3%),. 
Vrepavation of 4-Aryl-\-(arylaminothioformyl)thiosemicarbazides.—A solution of the 4-aryl- 
yemicarbazide (1 mol,) in warm ethanol was treated with a solution of the appropriate ary] 
thiocyanate (1 mol.) in ethanol, and the product formed instantaneously was collected after 


TABLE 4. 1-(Arylaminothioformyl)thiosemicarbazides (V). 

Found (%) Reqd 
Formula ( H 
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, Milde, and Tschenscher (Ber., 1922, 65, 344) gave m ‘ azurewitsch (Bull. So 
41, 647) gave m. p. 169-—-170° (decomp ) 


—tat.t.t.4. 4 7.9.0 2 7 TTT 


eww 


2-9 


Pape 5. A*-Thiazolines (VIII) 


Formula 
aad ygNySCIE 
galt ygN5¢ 1,1 
aH ,ON,5 
aH ygN SCI} 
att yy 56 i} 
sal gON,SCI 
ali yyN,SBrClk 
att yN,SBrCl,h 
set lygON Sr 


oe 


~ 


‘ 

, 
” 
o 

) 


——~ Tes? 
es 
~ 


Mist reas 
Hose 


xa Srn 
a 
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iads prepared from (a) w-bromo-4-methylacetophenone, (6) w- bromo-4-chloroacetophenone, and 


Liaw dibromoacetophen me 


cooling, washed with ethanol, and recrystallised from ethanol or ethanol—benzene. The 
substances obtained formed needles or leaflets, which decomposed when heated gradually, so 
that the m, p.s varied widely according to the speed of heating. 
Preparation of 4-Aryl-1-(arylaminoformyl)thiosemicarbazides.“—-A cooled solution of the 
1 arylthiosemicarbazide (1 mol.) in ethanol was treated with a benzene solution of the appro 
priate isocyanate (1 mol.) with stirring; the precipitate formed in almost theoretical yield was 
hed with ethanol and reerystallised from ethanol (in which it was only sparingly soluble) or 
ethanol-benzene, Remarks as above apply to the m, p.s of these compounds. 
1-(p-Lthoxyphenylaminoformyl)semicarbazide.---p-Ethoxyphenyl isothiocyanate (3 g.) in 
ethanol was added to a cold ethanol solution of semicarbazide (prepared from 2-5 g. of the 
hydrochloride and sodium acetate); the precipitated product formed leaflets, m, p. 243°, from 
ethanol (Found: N, 21-7. C,,H,O,N,S requires N, 22-0%). 1-(p-Fluoroanilinothioformyl)- 
micarbaside, similarly prepared from p-fluoropheny! isothiocyanate, formed needles, m. p. 
246-—247°, from ethanol-benzene (Found: N, 24:8. C,H,ON,SF requires N, 246%) 
Condensation of Aryl isoThiocyanates with Phenylhydrazine.—This was effected in cooled 
ethanol for 4-aryl-2-phenylthiosemicarbazides, and in hot ethanol for the 4-aryl-l-pheny] 
thiosemicarbazides; the former compounds were recrystallised in cold, and the latter in boiling, 


Busch and Ulmer, Ber, 1902, 86, 1715 
‘t Cf. Hilow and Sautermeister, Her, 1906, 39, 651 
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ethanol. In all the cases where the 2 : 4-derivative could be prepared, it was found to undergo 
rearrangement on recrystallisation from boiling ethanol or benzene 

Condensation of w-Bromo-ketones with NN‘-Diarylthioureas.—--quimoiar amounts of the 
reagents were heated in boiling ethanol for a few hours, the precipitate which formed on cooling 
was basified with aqueous sodium hydroxide, and the 3: 4-diaryl-2-arylimino-A*-thiazoline 
obtained was recrystallised from ethanol. 


The authors thank Roussel Laboratories (1.S.H., Paris) for financial support of this work, 
Mr. P. V. Hai for assistance, and Mrs. T. T. Quoc for microanalyses 
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424. cycloHexane Derivatives. Part 11." The Mechanism of Catalytic 
Hydrogenation of Cyclic Compounds. 


By R. J. WICKER 


rhe factors controlling the stereoisomeric compositions of the products 
obtained by catalytic hydrogenation of substituted cyclohexanones and 
phenols have been studied, and the use of the Skita rule for predicting these 
compositions has been found to be misleading. cts-trans-lsomerisation of 
substituted cyclohexanols in the presence of alkaline hydrogenation catalysts 
has been established as a general reaction, and some of the factors controlling 
it have been elucidated. 


fue factors influencing the proportion of cis-trans-isomers obtained on hydrogenation of 
substituted cyclohexanones or phenols have not been fully elucidated. The present work 
aimed at establishing these with more certainty and testing the validity of the Skita rule. 

Extensive studies by Skita in the 1920's led to his rule, that reductions in acid solvents 
lead to products rich in cis-isomer, whereas those in neutral or alkaline solvents lead to 
products rich in frans-isomer. The general applicability of the rule has been discussed by 
Weidlich,!»? who considered that acid or alkali causes a change in the mode of addition of 
hydrogen by controlling in some way the “ polar character "’ of the molecule; but the 
exact meaning of the term “ polarity "’ as used by Weidlich is not at all clear. Rate of 
hydrogenation has also been thought to be a factor, rapid hydrogenation being considered 
to lead to products rich in the cis-form and slow hydrogenation to products rich in trans 
form. There are also many references to the effect of the activity of the catalyst and 
Skita later considered the temperature, hydrogen pressure, and catalyst activity all to be 
factors controlling the proportion of stereoisomers produced.* For af-unsaturated ketones 
the effects of acid and alkali have been related to enol formation and subsequent effect on 
the course of hydrogenation ;*® different types of catalyst have also been considered to 
affect the stereoisomer ratios. A mechanism has also been suggested by Brewster ™ to 
explain the effects observed by Skita. 

The above position is further confused by the fact that until recently it has always 
been assumed that the trans- is more stable than the cis-isomers of 2-, 3-, or 4-substituted 
cyclohexanols, and many of the above generalisations were formulated by means of cis 
trans-terminology. In 1947, however, Hassel, and Pitzer and others showed that for 
3-substituted cyclohexanes the cis- is the more stable isomer, The difficulty then arises 
whether the Skita rule should be stated in terms of the stability or the configurations of 
the isomers. The former view should presumably be taken 

* Part I, J., 1955, 3122 

1 Weidlich,’* Handbuch der Katalyse,’’ Ed. Schwab, Springer, Vienna, 1943, Vol. VIL, p. 756 

* Idem, Chemie, 1945, §8, 30 

* Ott and Schréter, Ber., 1927, 60, 624 

* Skita and Faust, Ber., 1931, 64, 2878 

* Badin and Pacsu, /. Amer. Chem. Soc., 1944, 66, 1963 

* (a) Brode and Van Dolah, Jnd. Eng. Chem., 1947, 39, 1157; (b) Brewster, /. Amer. Chem. Soc., 
1054, 76, 6361 
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[he Skita rule has been modified and reformulated in terms of modern conformational 
analysis by Barton,? who also discusses the effect of hydrogenation rate and the steric 
effects of any hindering groups in the ketone on the final conformation of the products. 

The experimental work on which the above generalisations are founded is far from 
atisfactory. A critical survey of Skita’s work ®* shows that in many cases there are no 
details of the yields or the methods used in determining the isomeric composition of the 
products, which are merely stated to be “ rich’ in one or other isomer. In later work 
»kita* used refractive index and density as a means of determining cts—trans-composition, 
and showed that his earlier isomers were impure; but more recent work has shown that 
even some of his later compounds are not the pure isomers as shown by their refractive 
indices (see Table 1) and densities. 

Gough, Hunter, and Kenyon ?° based their analysis on viscosities, but some of their 
isomers were impure as is shown by their refractive indices (see Table 1) and densities. 
yince that time considerable work has been reported, especially by Cornubert, Vavon, 
Mousseron, and their co-workers, but the validity of the method used by these workers, 


Tasie |. Refractive indices of the methylcyclohexanols at 20°. 
ortho mela para 
, , ; , Kef, 


trans 

14586 9 

14586 4 

1-4544 10 

14561 * 13,12 
13 


trans 
14590 
14611 
14506 
1-4616 * 
14611 * 
Authentic values 


namely, the conversion into solid esters followed by fractional crystallisation and thermal 
analysis of the ester fractions, is not really reliable since very poor material balances were 
obtained (see Peppiatt and Wicker 4), Brode and van Dolah’s work ® is based on the 
incorrect refractive indices given by Skita and Faust.‘ 

The most reliable method of analysis is one based on physical properties of the total 
product in which the values of the two stereoisomers concerned show a reasonably measur 
able difference. Differences in refractive indices are usually small, but in the. case of the 
methyleyclohexanols density differences are quite appreciable and have been used by Mac 
beth and his co-workers,' ! and also in the present work. Another such method is one 
based on melting point-composition diagrams, conveniently where both stereoisomers are 
olids, as is the case with 4-cyclohexyl- and 3 : 3: 5-trimethyl-cyclohexanol, which have also 
been used in the present work. All these compounds were selected for study because their 
configuration is beyond doubt. 

cis-Addition of hydrogen to double bonds (i.¢., from the same side of the bond) would 
be expected !° and has been assumed in many discussions of the mechanism of hydrogenation 
in the literature. The difficulty arises as to how to account then for the presence of isomers 
Some workers have suggested that in these cases some hydrogenation mechanism other 
than cts-addition occurs.4® Others !® suggest subsequent isomerisation but the evidence 
for this is very scant. Kuhn !’ states that platinum catalysts can cause isomerisation but 
gives no details; Loew and Aso '* obtained a 10°5°, conversion of maleic into fumaric 


tarton, J., 1953, 1027, footnote 23. 
* Skita, Annalen, 1922, 427, 255 
* Idem, ibid., 1923, 481, 1, and many later papers 
' Gough, Hunter, and Kenyon, /., 1926, 2052 
't Jackman, Macbeth, and Mills, /., 1949, 1717 
'* Macbeth and Mills, /., 1945, 709 
'* Arnold, Smith, and Dodson, /. Org. Chem., 1950, 15, 1256 
'* Peppiatt and Wicker, Chem. and Ind., 1955, 747 
'® Farkas and Farkas, Trans, Faraday Soc., 1937, 33, 837 and other papers 
'* Linstead, Doering, Davis, Levine, and Whetstone, /. Amer. Chem. Soc., 1942, 64, 1955. 
'? Kuhn in Freudenberg’s ‘' Stereochemie,”’ Deuticke, Leipzig, 1932, Vol. Il, p. 918. 
'* Loew and Aso, Bull, Coll, Agric, Tokyo Imp. Univ., 1906, 7, 1-6 
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acid with platinum black and water, and Zelinski and Margolis ® found that efs-1 : 2- 
dimethyleyclohexane was partly isomerised to the trans-isomer when the vapour was passed 
over a nickel catalyst. 

It has now been found that the isomerisation which occurs when 3 : 3 : 5-trimethyleyelo- 
hexanol is heated with a nickel catalyst, reported in Part I, is a general reaction, and that 
substituted cyc/ohexanols in general can be isomerised by heating them with hydrogenation 
catalysts such as nickel or platinum, in an atmosphere of hydrogen. If sufficient catalyst 
is used (¢.g., 50%) isomerisation can be brought about at room temperature. The isomer 
isation presumably leads eventually to equilibrium mixtures of the two isomers. Table 2 


TABLE 2. Jsomerisation with a nickel catalyst. 
Reaction Stable isomer 
Compound Temp Catalyst % time (hr.) (%) in product 
5-Trimeth yleyclohexanol 20 Ni 
BO 
110 


7 al 

40 (trans) 
” ” ” 40 (frans) 
3-Methyleyclohexanol (32% cis) N 2°5 5 83 (cis) 


et ’* ” ” ” 
trans-4-cycloHexyleyclohexanol ! a § § 4] 


shows the results obtained with 3:3: 5-trimethyl-, 4-cyclohexyl-, and 3-methyl-cyelo 
hexanol. It can be seen that the equilibrium position is largely independent of temperature 
in the range examined, but temperature, catalyst concentration, and presumably catalyst 
activity all affect the rate of attainment of equilibrium 

Alkali was found to be essential for the isomerisation. A nickel catalyst, whether 
Raney nickel or reduced nickel, is alkaline, and it has been shown recently that Adams 
platinum catalyst also contains alkali: #® we found that this also caused isomerisation, for 
example, of trans-4-cyclohexyleyclohexanol (see Table 2). However, if the platinum 
catalyst has been used in acid solution it is necessary to add alkali before isomerisation can 
be brought about For example, trans-3 : 3: 5-trimethyleyclohexanol could not be iso 
merised with acid-washed platinum but was readily isomerised when a little sodium carbon 
ate was added. Sodium carbonate without a catalyst would not isomerise the starting 
material. These facts suggested that the effect of acid and alkali on the stereoisomerism 
of the products of hydrogenation suggested by Skita, on which he based his rule, might be 
explained by the fact that subsequent isomerisation tends to give the more stable product 
when alkali is used. We therefore studied the effects of acid and alkali on the proportions 
of isomers produced from substituted cyclohexanones under conditions where isomerisation 
would be small, ¢.¢., with nickel or platinum at room temperature, Table 3 shows the 
results, together with those of earlier work where the isomer analysis is beyond doubt. 
Reductions of phenols are also included, although in these cases the reaction cannot be 
carried out at room temperature with nickel catalyst. This Table shows that for 2-methyl 
cyclohexanone acid and alkali have little effect, but for 3-methyleyelohexanone, dihydro- 
isophorone, and 4-cyclohexyleyclohexanone a greater proportion of the move stable isomer 
results from reduction in acid than in alkaline media which is contrary to the Skita rule. 
For 4-methyleyclohexanone the results with platinum conform to the rule, but that with 
nickel does not. The effect of acid and alkali on the reduction is therefore not as simple as 
is suggested by the Skita rule. 

It will be seen that reduction with nickel gave more of the stable isomer at high tem- 
peratures than at room temperature. This is to be expected, since the presence of alkali 
in nickel results in isomerisation if the reaction is carried out at a sufficiently high tem- 
perature. 

lhe following theory, based essentially on postulates of Farkas and Farkas,}* Linstead,** 
and Seigal,”" is suggested. Hydrogenation is assumed to occur by cis-addition to the double 

* Zelinski and Margolis, Ber., 1932, 66, 1613; Margolis, Ker, 1936, 68, 1710 


® Kennan, Giesemann, and Smith, /. Amer. Chem. Soc., 1954, 76, 229 
*t Seigal, ibid., 1953, 75, 1317 
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bond and will add preferentially to the more accessible side of the double bond, 4.¢., that 
side which presents the least steric hindrance to absorption on the catalyst. 

Consider the substituted cyclohexanones (see Fig. 1). The chair form with an equatorial 
group K will be absorbed preferentially on the catalyst as shown, in the least hindered 


Tas_e 3. Proportions of isomers produced by catalytic hydrogenation of substituted cyclo- 
hexanones and phenols. 
Stable isomers 
Compound reduced Catalyst Solvent Temp. (%) in product Ref. 
2-Meth yloyclonexanone ....66.+0ceeeeeeee AcOH 20° 30 trans t 
20 t 
‘ “ 130 
3-Methyleyclohexanone AcOH 20 
20 
EtOH 140 
160 
AcOH 20 
MeOH 20 
120-130 
MeOH 20 
130 
MeOH 20 
AcOH 20 
MeOH-C,H,,NMe, 20 
MeOH 20 
AcOH 20 
MeOH 20 
20 
160 73 trans 
AcOH 25 ye 
180 65 
EtOH 260 85 cis 
160 Oa: os 
160 83 
(extra 5 hrs. isomerisation) 
180 82 trans 
160 


es 


~~ 
woe * 


_ 
. 


* For details see Part I + Present work 
(a) Baker and Schuetz, |. Amer. Chem. Soc., 1947, 69, 1250 


TABLE 4 
Compound Conformation * Expected preponderant isomer 
2.Methyleyclohexanone ......... @ chair ra] 
a chair Approx. equal but larger alkyl groups give cis 
1: 2 enol ct (only) 
= sid 5: 6 enol Approx, equal 
3-Methyleyclohexanone e chair trans 
a chair cts 
1; 2 enol Approx. equal 
5: 6 enol e-Me Approx. equal 
; pt 5: 6 enol a-Me a 
4-Methylcyclohexanone e chair cts 
a chair trans 
enol e-Me Approx. equal 
tn enol a-Me c4s 
ophorone veseee @ Chair trans 
a chair (v. unstable) cis 
: 2 enol e-Me Approx, equal 
: 2 enol a-Me cis 
5: 6 enol quasi-e-Me Approx. equal 
¢ . 5:6 enol quasi-a-Me eis 
‘a axial, © = equatorial, See Barton, Cookson, Klyne, and Shoppee, Chem. and Ind., 1954, 
21, for definition of quasi-forms 


position, addition of hydrogen being to the least hindered side of the >C=O linkage, 1.¢., 

to the equatorially placed x electron streamer 2, leading to the formation of an axial 

hydroxyl group. In a preliminary report, which was instigated by Cornubert’s paper,* 
** Cornubert, Barraud, Cormier, Descharmes, and Eggert, Bull. Soc. chim. France, 1955, 400 
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only the forms wit an equatorial alkyl group were considered. Similar consideration of 
the form with an axial alkyl group shows that an axial hydroxyl group is still formed but 
in this case the product, the axial-axial alcohol, will rapidly pass into the more stable 
equatorial-equatorial form. When one also considers the enolic forms of the ketone, which 
are known to be present in ecyclohexanones,™ the examination of models by the above 
method leads to the results shown in Table 4. Thus the isomeric composition of the 
products will depend on the proportions of the various types of isomer present in the 
ketone. For substituted eyclohexanes the chair-equatorial are more stable than the chair- 
axial conformations at room temperature, but little is known of the eyclohexanones and 
here axial forms may make a substantial contribution: «-halogenocyclohexanones for 
example, have been shown to exist entirely in the chair-axial form ™ 


Fic. 1. Fia, 2. 


Catalyst Catalyst 


Alkali and acid will affect the proportions of enol and keto-forms and thus may change 
the proportion of stereoisomers produced in hydrogenation. Prediction of the stereoiso- 
meric composition of the products of catalytic hydrogenation is therefore impossible unless 
the conformational and tautomeric composition of the ketone is known. 

The well-known tendency of 2-alkyleyclohexanones to yield mainly the e#s-aleohol 
whatever the solvent is readily explained by Table 4, and the tendency of dihydroiso- 
phorone to give mainly the trans-alcohol is understandable since the axial-chair form of 
the ketone shows strong interaction and would be very unstable, and examination of the 
equatorial-chair form shows that hydrogenation would lead mainly to the érans-alcohol, 
alkali causing a slight shift towards the cis-isomer 

The occurrence of isomerisation at high temperatures in the presence of catalyst and 
alkali can be explained as follows. Hydrogenation catalysts can also dehydrogenate 
alcohols to ketones, and an alcohol in the presence of such a catalyst will afford the following 
equilibrium 


trans-Alcohol === Ketone (e-alkyl) == Ketone (a-alky!) == > cts-Alcohol. 


Increase of temperature, catalyst concentration, catalyst activity, and reaction time 
all favour production of the isomer which is stable at the reaction temperature. 

Isomerisation by redistribution of bonds in the half-hydrogenated state, as suggested 
by Polyani and Greenhalgh *5 for alkenes, is not applicable in the present case, since the 
bonds to be redistributed form part of a cyclohexane ring (see Fig. 2, the bonds referred to 
are in heavy print). 

rhe function of alkali in the isomerisation process is probably that of a catalyst modifier 
since we have established that platinum containing alkali (#.2., Adams catalyst) is an 
effective dehydrogenation catalyst, whereas platinum which has been acid-washed is very 
inefficient for dehydrogenation; therefore when acid-washed platinum is used dehydro 
genation is slow and so isomerisation is slow. Hydrogenation with Adams platinum is 
slow *° and the tendency of the operator would be to increase the temperature in such 
cases and possibly promote isomerisation. On the other hand, if acid solvents are used 

#3 Schwarzenbach and Wittwer, Helv. Chim. Acta, 1947, 30, 669 


* Corey, |. Amer. Chem. Soc., 1953, 75, 2301 
*6 Greenhalgh and Polanyi, Trans. Faraday Soc., 1939, 36, 520 
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with platinum, or if the platinum has been previously used in acid media, the alkali in the 
catalyst is neutralised so that isomerisation does not occur. The use of a nickel catalyst 
with phenols is limited to temperatures of about 160° or more and thus some isomerisation 
will always occur. Hydrogenations at elevated temperatures may lead to mixtures rich 
in the stable isomer even in the absence of alkali, since the equilibrium of the ketone may 
be shifted towards forms which on hydrogenation give the stable alcohol. Hydrogenation 
being far faster than dehydrogenation at room temperature, isomerisation does not take 
place measurably at that temperature, providing that normal] amounts (e.g., up to 5—10°%) 
of catalyst of average activity are used. Even at elevated temperatures or with very large 
amounts of catalyst it is possible to hydrogenate tsophorone to products containing high 
percentages of trans-alcohol provided the reaction is stopped before isomerisation has pro- 
ceeded to an appreciable extent (see Table 5). 


lasix 5. Hydrogenation of isophorone to 3: 3: 5-trimethyleyclohexanol 


Ni trans Ketone N trans Ketone 
catalyst Time Isomer (%,) in atalys Time Isomer (%) in 
Temp (%) (hr.) %) product Temp % ) a) product 
20 18 d 0 90 2-6 2% : 35 
iO 23 - 100 ; 
44 5, 110 
16 ‘ a 155 
20 180 
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Reduction of substituted phenols under conditions where isomerisation of the cyclo 
hexanols produced can occur will proceed similarly to that of substituted cyclohexanones 
under similar conditions, However, reduction of substituted phenols or disubstituted 
benzenes generally, at room temperature with, ¢.g., platinum in acid, may follow a different 
pattern. The proportion of stereoisomers produced depends on whether the planar benzene 
nucleus is reduced by simultaneous addition of six hydrogen atoms, in which case cis 
isomers will be invariably produced, or whether the reduction is stepwise, in which case 
the ultimate step will be addition to a quasi-chair type of compound producing mixtures 
of isomers. 

rhe only example in Table 3 of a substituted phenol reduced at room temperature with 
platinum is o-cresol which gives pure cis-2-methyleyclohexanol. However, reductions of 
dialkylbenzenes with platinum at room temperature appear to give mixtures (see, ¢.g., 
Baker and Schuetz; *® Mousseron 27) 


EXPERIMENTAL 

M, p.s of the hydrogenation products were determined by a standard cooling-curve method 
Other m. p.s were determined by the capillary method. Unless otherwise stated, light petrol- 
eum refers to material of b. p, 60-——80°, 

The isophorone was purified as described in Part I, The three methyleyclohexanones were 
obtained by chromic oxide-acetic acid oxidation of the corresponding alcohols. cis-—tran: 
Compositions were determined by thermal analysis in the case of 3: 3: 5-trimethyleyclohexanol 
(for m. p.-composition values see Part 1) and 4-cyclohexyleyclohexanol, and by density measure- 
ments for the three methylcyclohexanols, the values given by Jackman, Macbeth, and Mills ™ 
and Macbeth and Mills * being used for the pure stereoisomers. Ketone was assayed by the 
hydroxylamine method, Hydrogenations were usually complete but corrections were made for 
any unhydrogenated ketone. 

Preparation of trans-4-cycloHexylcyclohexanol.—p-cycloHexy|\phenol (704 g., 4 mole) was 
hydrogenated with a reduced nickel catalyst (20 g.) at 160-—-180°/100 lb. per sq. in. The cata- 
lyst was filtered off and the product solidified (m. p, ~ 80°), This product was subjected to 
systematic fractional crystallisation from acetone, to give 140 g. of product, m. p. 102—103° ; 
further recrystallisation from ethylene dichloride at 0° gave trans-4-cyclohexylcyclohexanol 
(108 g.; m. p. 103-5°). Recrystallisation from light petroleum gave trans-4-cyclohexylcyclo 
hexanol of high purity, as indicated by its cooling curve, and suitable for determination of the 
m. p.-composition diagram 

** See ref. (a), Table 3 

*’ Mousseron, Bull. Soc. chim. France, 1946 218 
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Preparation of cis-4-cycloHexyleyclohexanol.—-4-cycloHexyleyclohexanone (44 g.), dissolved 
in methanol (20 ml.), was hydrogenated with a reduced nickel catalyst (1:25 g.) at room temper- 
ature/100 lb. (16 hr.). The recovered product crystallised (42 g.; m. p. ~ 80°) and was heated 
with 3: 5-dinitrobenzoyl chloride (58 g.) at 160° for 30 min, The solid product was triturated 
twice with saturated sodium hydrogen carbonate solution, filtered off, and washed with water, 
and recrystallised in turn from acetic acid, acetone, then light petroleum containing a little 
acetone, to give cis-4-cyclohexyleyclohexyl dinitrobenzoate (27 g.; m. p, 162—-163°). The 
ester (25 g.) was then hydrolysed with potassium hydroxide (7 g.) in water (50 ml.) and alcohol 
(500 ml.) and worked up in the normal way, to give 4-cyclohexyleyclohexanol (11 g.; m. p 
85—93°). Vacuum-distillation gave 9-05 g. of product, b. p. 130--140°/1-5 mm., m. p, 90--94°, 
Recrystallisation three times from light petroleum and once from light petroleum (b. p. 40-—-60°) 
gave cis-4-cyclohexyleyclohexanol (7-4 g.; m. p. 92-5") of high purity as indicated by its cooling 
curve. 

Melting Point-Composition Curve,—This was constructed for 4-cyclohexyieyclohexanol and 
used as described for 3: 3: 5-trimethyleyclohexanol in Part I, with the following results 


tran 100 90 85 80 70 60 50 “ 30 20 10 
M. p 103-5" 98-5" 95-6" 940° 944° 94-0° DIS” B85” B40" B20" BBD 


rhe correction to the m. p. of 4-cyclohexyleyclohexanol was 0-6° per 1% of 4-cyclohexyleyelo 
hexanone present 

Preparation of 4-cycloHexylcyclohexanone.— 4-cycloHexyleyclohexanol (cis- and trans-mixture 
250 g.) was oxidised with chromic trioxide-acetic acid by the method of Shunk and Wilds,™ 
giving crude ketone (226 g., 90%), which was then fractionated to give 4-cyclohexyleyeclohexanone 
(160 g.), m. p. 30-5". 

Preparation of Dihydroisophorone.—isoPhorone (690 g., 5 mole) was hydrogenated with a 
reduced nickel catalyst (20 g.) at 90°/100 lb. until the theoretical amount of hydrogen had 
been taken up. Catalyst was removed by filtration. The product containing 88% of dihydro- 
isophorone and 7% of isophorone was distilled, the fraction of b. p. 120-——121°/100 mm., n?# 
1-4450-——1-4452, being collected. Ketone assay by the hydroxylamine method indicated 
99-—100°%, purity. 

Preparation of 3: 5: 5-Trimethyleyclohex-2-enol.-Lithium aluminium hydride (3 g.) in an 
hydrous ether (300 ml.) was slowly added to a stirred solution of isophorone (10 g.) in anhydrous 
ether (100 ml.) at —10° in an ice-bath, the temperature being kept below 10°, Stirring was 
continued for a further 15 min. Excess of reagent was destroyed with water, the precipitated 
solids were dissolved by the addition of dilute sulphuric acid, and the ether layer was separated, 
washed with water, dried (Na,SO,), and evaporated. ‘The residue was distilled, to give 3:5: 5 
trimethyleyclohex-2-enol (7-5 g., 75%} containing 1-7%, of isophorone 

Pressure Hydrogenation..-The compound to be reduced with the stated amount of reduced 
nickel catalyst was hydrogenated at 100 Ib. at the temperature given, Methanol was used as a 
solvent when compounds were solid at the working temperature. The catalyst was removed 
by filtration, and any solvent by distillation. The product was then completely distilled and 
analysed by either density or thermal methods. The following compounds were reduced by this 
method with the results given. 

(1) Dihydroisophorone (14 g., 0-1 mole), catalyst (0-3 g.), methanol (15 ml), 20°/16 hr, 
Product: m. p. 54°, contained 12% of cis-3: 3: 5-trimethyleyclohexanol (ketone absent). 

(2) isoPhorone (10 g.), catalyst (0-26 g.), methanol (10 ml.), 75°/16 hr. Product: m. p, 
50-3° (ketone absent), contained 18%, of cis-3: 3: 5-trimethylcyclohexanol 

(3) 1soPhorone (20 g.), catalyst (0-50 g.), 90°/13 min. Product: m., p. 47-8° (containing 
35%, of dihydrotsophorone), contained 18%, of cis-3 : 3: 5-trimethyleyclohexanol., 

(4) 1soPhorone (56 g.), catalyst (1-4 g.), 100°/18 min. Product: m. p, 42-5° (containing 
1-7%, of dihydroisophorone), contained 27%, of cis-3: 3: 5-trimethyleycelohexanol. 

(5) isoPhorone (20 g.), catalyst (0-2 g.), 110°/13 min. Product: m. p. 39-6" (containing 
of dihydroisophorone), contained 24% of cis-3: 3: 5-trimethylcyclohexanol 
(6) tsoPhorone (56 g.), catalyst (0-28 g.), 180°/3-5 hr. Product: m. p. 7° (containing 13% 
of dihydroisophorone), contained ca. 50%, of cis-3: 3: 5-trimethyleyclohexanol, 

(7) isoPhorone (56 g.), catalyst (0-28 g.), 155°/16 br. Product: m. p. 15° (containing 11% 

of dihydrotsophorone), contained approx. 50°, of cis-3 : 3: 5-trimethyleyclohexanol. 


§° 


o 


** Shunk and Wilds, J. Amer. Chem. Soc., 1949, 71, 3046 
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(4) 3: 5: 6-Trimethylceyclohex-2-enol (10 g.), catalyst (0-25 g.), methanol (10 ml.), 20°/16 hr 
Product: m, p. 49°, contained 20%, of cis-3 : 3: 5-trimethyleyclohexanol (ketone absent). 

(9) 2-Methylcyclohexanone (25 g.), catalyst (2-5 g.), methanol (2 ml.), 20°. Product : 
d’ (9244 (containing 0-3% of ketone), contained 70%, of cis-2-methyleyclohexanol. 

(10) o-Cresol (20 g.), catalyst (0-5 g.), 160°. Product: d¥” 0-9206, contained 32% of cis-2 
methylceyclohexanol (ketone absent). 

(11) m-Cresol (20 g.), catalyst (0-5 g.), 160°. Product: d 0-9101, contained 55%, of cis-3 
meth yleyclohexanol (ketone absent). 

(12) p-Cresol (600 g.), catalyst (30 g.), 160°. Product: d 06-9090, contained 63%, of trans- 
4-methyleyclohexanol (ketone absent). 

Atmospheric Reductions.-The compound to be reduced, dissolved in the relevant solvent 
with the stated amount of Adams platinum catalyst, was hydrogenated at 20° and atmospheric 
pressure, ‘The solution was removed by decantation. When acids had been added these were 
removed by washing the products in light petroleum with alkali and water, removing the light 
petroleum, and totally distilling the final product. 

The following compounds were reduced by this method with the results given : 

(1) Dihydroisophorone (6 g.), catalyst (1 g.), acetic acid (5 ml.). Product: m. p 
contained 18%, of cis-3: 3: 6-trimethyleyclohexanol (ketone absent). 

(2) Dihydroisophorone (5 g.), catalyst (1 g.), methanol (5 ml.). Product: m. p. 55-5’, 
contained 9%, of cis-3: 3: 5-trimethylcyclohexanol (ketone absent). 

(3) Dihydroisophorone (5 g.), catalyst (0-4 g.), methanol (5 ml.), dimethyleyclohexylamine 
(1 drop). Product: m, p, 55°, contained 10% of cis-3: 3: 5-trimethyleyclohexanol (ketone 
absent) 

(4) Dihydroisophorone (10 g.), catalyst (1 g.), concentrated hydrochloric acid (10 ml), 
water (10 ml.), light petroleum (5 drops). Product: m. p. 46-0° (containing 3-2% of dihydro 
isophorone), contained 21%, of cis-3 ; 3: 5-trimethyleyclohexanol 

(5) 4-cycloHexyleyclohexanone (5 g.), catalyst (2 g.), acetic acid (10 ml.), Product: m. p. 
905° (containing < 1% of ketone), contained 54% of cis-4-cyclohexyleyclohexanol. 

(6) 4-cyeloHexyleyclohexanone (5 g.), catalyst (2 g.), methanol (10 ml.), Product: m. p. 
90-2" (containing < 06%, of ketone), contained 55%, of cis-4-cyclohexyleyclohexanol. 

(7) 2-Methyleyclohexanone (10 g.), catalyst (1 g.), acetic acid (10 ml.). Product; d}° 0-9244, 
contained 70% of cis-3-methyleyclohexanol (ketone absent). 

(8) 3-Methyleyclohexanone (10 g.), catalyst (1 g.), acetic acid (10 ml.). Product: df’ 0-9088, 
contained 73% of cis-3-methyleyclohexanol (ketone absent). 

(9) 4-Methyleyclohexanone (10 g.), catalyst (1 g.), acetic acid (10 ml.). Product: dj’ 0-9101, 
contained 46%, of cis-4-methyleyclohexanol (free from ketone). 

(10) 4-Methyleyclohexanone (10 g.), catalyst (1 g.), methanol (10 ml.). Product: d¥° 0-9075, 
contained 26% of cts-4-methyleyclohexanol (ketone absent) 

/somerisations..-The alcohol and catalyst, together with a solvent when the alcohol was 
solid at the working temperature, were shaken in an atmosphere of hydrogen at 100 lb. The 
total product was recovered and distilled, 

(a) With nickel, At 130° (5 hr.), 3:3: 5-Trimethyleyclohexanol (25 g. containing 90%, of 
trans-isomer) and catalyst (0-5 g.) gave a product, m. p. 291°, containing 76% of cis-3: 3: 5- 
trimethyleyclohexanol and no ketone, 

i xperiments shown in Table 2 were carried out similarly. Also 3-methyleyclohexanol (50 g., 
containing 68°%, of trans-isomer) and catalyst (1:25 g.) at 160°/5 hr. gave a product, d¥* 0-9083, 
containing 83% of cis-3-methyleyclohexanol and no ketone; and trans-4-cyclohexyleyclohexanol 
(10 g.) and catalyst (0-5 g.) at 130°/5 hr. gave a product, m. p. 90-5-—91-5°, containing 46-49%, 
of trans-4-cyclohexylcyclohexanol and no ketone. 

(b) With platinum, (1) 3:3: 5-Trimethyleyclohexanol (20 g., containing 89% of trans 
isomer) and catalyst (1 g.) at 140°/5 hr. gave a product, m, p. 50-5°, containing 82% of trans- 
3: 3: 5-trimethyleyclohexanol 

(2) 3:3: 56-Trimethyleyclohexanol (20 g., containing 89%, of trans-isomer), catalyst (1 g.), 
and sodium carbonate (0-1 ml. of 10% aqueous solution) at 140°/5 hr. gave a product, m. p. 
41°, containing 69-5% of trans-3 : 3: 5-trimethyleyclohexanol (ketone absent). 

(3) trans-4-cycloHexyleyclohexanol (20 g.) and catalyst (1 g.) at 160°/5 hr. gave a product, 
m. p. 91-4", containing 49% of trans-4-cyclohexyleyclohexanol (ketone absent). 

Dehydrogenations aith Nickel and Platinum.——(a) 3:3: 5-Trimethyleyclohexanol (20 g. ; 
mixed isomers) was refluxed with nickel (0-4 g.) in hydrogen for 16 hr. The product contained 
61°, of dihydrotsophorone 
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(b) cycloHexanol (5 g.) and freshly prepared Adams platinum catalyst (2 g.) were refluxed 
in hydrogen for 1 hr. The solution was then decanted and washed twice with methanol (10, 
5 ml.). Analysis showed 20% conversion into cyclohexanone, 

(c) cycloHexanol (5 g.) and Adams catalyst (1 g.) washed with acetic acid were treated as 
described above. Analysis showed 25% conversion into cyclohexanone, 
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425. Studies in Mycological Chemistry. Part V.* Synthesis of 
2: 5-Dihydroxy-7-methyl-1 : 4-naphthaquinone. 
By J. E. Davies and Joun C. Roserts. 


One of the products resulting from the reaction of m-cresol with succinic 
anhydride, in presence of aluminium chloride, has been proved to be 6-(2 
hydroxy-4-methylbenzoyl)propionic acid (Il; R H). From this readily 
available acid, 2: 5-dihydroxy-7-methyl-| : 4-naphthaquinone (VI; R H) 


has been synthesised, 


THE quinone named above was required as a reference « ompound in an attempt to identify 
a pigment which had been obtained by degradation of purpurogenone,' a metabolic product 
of Penicillium purpurogenum Stoll. Furthermore, it was thought that a readily practicable 
synthesis, once established for a quinone of this structure, might serve as a prototype which 
could be developed into a synthesis of purpurogenone 

The unambiguous synthesis of 2-hydroxy-1:4-naphthaquinones, unsymmetrically 
substituted in the ar-ring, is best accomplished by a method * which proceeds by way of 
the tetralone. In our initial experiments the substituted butyric acid (IIL; R = Me) 
(required for ring-closure to the tetralone) was prepared by conversion (using the Bowman ® 
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method) of O-methyl-m-cresotinic acid (1) into @-(2-methoxy-4-methylbenzoyl) propionic 
acid (II; R == Me), followed by reduction of the keto-acid by the modified Wolff-Kishner 
procedure. In a search for a more convenient synthesis of the substituted butyric acid 


* Part IV, J., 1955, 2002 
* Roberts and Warren, /., 1955, 2992 


* (a) Pfeiffer and Hesse, J. prakt. Chem., 1941, 158, 315; buu-Hol and Cagniant, Compt. rend, 
1942, 214, 87; (b) Davies, King, and Roberts, /., 1955, 2782 
* (4) Bowman, /., 1950, 325 b) Davies ef al., ref. 2(/ 
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(111; KR == Me) our attention was drawn to the work of Nargund and his co-workers * who 
had separated two $-(hydroxy-methylbenzoyl)propionic acids from the mixture formed by 
reaction of m-cresol with succinic anhydride in presence of anhydrous aluminium chloride. 
These workers considered one of their acids (m. p. 154—156°), on the basis of its analysis 
and its positive ferric reaction, to be $-(2-hydroxy-4-methylbenzoyl)propionic acid (II; 
Kt = H) but this did not finally prove its orientation. We have, however, proved its 
correctness by establishing the identity of the O-methy! derivative with the keto-acid (II; 
kX = Me) which we had already synthesised by the Bowman method. Reduction of the 
acid (m. p. 154-156") by the Clemmensen method yielded the acid (III; R = H), methyl 
ation of which yielded the required acid (III; R = Me). This route to the butyric acid 
proved the more expeditious. 

Ring-closure of the butyric acid (by means of “ polyphosphoric acid ’’) yielded the 
tetralone (IV) which was converted via the dianil (V) into the naphthaquinone (VI; R 
Me). Demethylation then gave the required 2: 5-dihydroxy-7-methyl-1 ; 4-naphtha- 
quinone (VI; R H). 

This substance differed from the purpurogenone degradation product both in its light- 
ibsorption and in certain of its colour reactions. Subsequent work has revealed that the 
degradation product (which is obtainable only in minute quantities!) is probably a 
naphthapurpurin derivative 


I. XPERIMENTAL 

()-Methyl-m-cresotinic Acid.—This was prepared by methylation of m-cresotinic acid 
(2-hydroxy-4-methylbenzoic acid) with methyl sulphate and alkali * or, better, by the following 
method. <A solution of m-cresotinic acid (18 g.) and of methyl sulphate (39 c.c.) in acetone 
(300 c.c.), with anhydrous potassium carbonate (51 g.), was heated under reflux for 12 hr, 
he oily residue admixed with potassium salts, which remained after evaporation of the acetone, 
was heated under reflux with 6n-aqueous sodium hydroxide (300 c.c.) for 24 hr. The resulting 
solution, when cooled, washed with ether, and acidified, gave the required acid, m. p, 99-—104°, 
in yields of ca, 80%. Perkin et al,® give m. p, 103°, 

()-Methyl-m-cresotinoyl Chloride.--The foregoing acid (13-9 g.) was heated under reflux with 
redistilled thionyl chloride (9-8 c.c.) for 1 hr. Removal of excess of reagent and distillation gave 
the acid chloride (14 g., 91%), b. p. 148-—-149°/12-5 mm., which solidified in an ice-bath. (Use 
of pyridine in this preparation ¢ led to yields of 40%.) 

4-(2-Methoxy-4-methylbenzoyl) propionic Acid,-—(i) A solution of the foregoing acid chloride 
(16-2 g.) in sodium-dried benzene (50 c.c.; ‘' AnalaR '’) was added dropwise, with stirring, to a 
benzene solution of benzyl sodioethane-1: 1: 2-tricarboxylate which had been prepared by 
Bowman's method *4 from sodium (1-8 g.), ethanol (55 c.c.), benzyl alcohol (28-5 g.), and ethyl 
ethane-1; 1: 2-tricarboxylate (22 g.). The ester produced was isolated and hydrogenated 
first with 10% palladised charcoal (0-8 g.) and then palladised strontium carbonate (1-0 g.) 
during a total absorption of 4-75 1, of hydrogen), and the acid was decarboxylated in the usual 
way." A solution of the oily product, of semicarbazide hydrochloride, and of sodium acetate in 
aqueous ethanol was kept at — 2° for 48 hr. and the resulting solid was collected, washed with 
water, and crystallised from ethanol, to give §-(2-methoxy-4-methylbenzoyl) propionic acid semi 
carbazone a8 prisms, m, p. 186° (decomp.) (Found: C, 56-2; H, 5-8. Cy,H,,O,N, requires C, 
55-0; H, 61%), This material was heated under reflux for 10 min. with an excess of 2n-hydro 
chloric acid. The mixture was cooled and the solid product was recrystallised from aqueous 
acetic acid, to give the desired keto-acid, m, p. 126-——128° (9-3 g., 44% from the O-methyl-m 
cresotinoyl chloride) 

ii) 6-(2-Hydroxy-4-methylbenzoyl) propionic acid, m. p. 154—156° (Found: C, 63-3; H, 
8 Cale, for C,,Hy,O,: C, 63-4; H, 58%), was prepared (in 37% yield) by the method 
of Raval et al.,4¢ who give the same m, p. Methylation of this acid (17 g.) [methyl sulphate 
(20-5 ¢.c.), acetone (225 c.c.), and anhydrous potassium carbonate (42-5 g.)] by the method 
described for the methylation of m-cresotinic acid gave §-(2-methoxy-4-methylbenzoy]) propionic 
acid (16 g., 66°) which crystallised from aqueous acetic acid in prisms (Found: C, 64-7; H, 


* (a) Raval, Bokil, and Nargund, /. Univ. Bombay, 1938, 7, Pt. 3, 184; (6) Trivedi and Nargund, 
ibid., 1941, 10, Pt. 3, 99 

’ Perkin and Weizmann, /., 1906, 89, 1658 

* Cf. Carré and Libermann, Compt. rend., 1934, 199, 1422 
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6-25. Calc. for C,,H,,0O,: C, 649; H, 6-35%), m. p. 126-—128° (Trivedi e¢ al.” give the same 
m. p.) unaltered by admixture with the acid prepared by route (i). 

y-(2-Hydroxy-4-methylphenyl)butyric Acid.—-(2-Hydroxy-4-methylbenzoyl) propionic acid, 
m. p. 154—156°, was reduced by the modified Clemmensen method?’ to give the crude acid 
(m. p. 70—72°; 96%). Recrystallisation from n-hexane yielded pure y-(2-hydroxy-4-methyl- 
phenyl)butyric acid in small plates, m. p. 76—78° (Found: C, 684; H, 7:3. C,,H,,O, requires 
C, 68-0; H, 7-25%). 

y-(2-Methoxy-4-methylphenyl)butyric Acid.—(i) The foregoing hydroxy-acid (17 g.) was 
methylated in the way described for §-(2-hydroxy-4-methylbenzoyl)propionic acid. The 
product (14-3 g., 78%) was collected in the usual manner and recrystallised from n-hexane to 
give y-(2-methoxy-4-methylphenyl)butyric acid in plates, m. p. 47-5-—49-5° (Found: C, 69-5; H, 
7-8. CygH,,O, requires C, 69-2; H, 7-7%). 

(ii) 6-(2-Methoxy-4-methylbenzoyl)propionic acid (20-5 g.) was reduced * with potassium 
hydroxide (12-8 g.), diethylene glycol (93 c.c.), and 90°, hydrazine hydrate (8-8 c.c.), and the 
product was isolated in the usual way. A solution of the crude acid in 3% aqueous sodium 
hydroxide (200 c.c.), containing a little sodium dithionite to prevent discoloration, was treated, 
portion-wise, at 80° with methyi sulphate (50 c.c.) and potassium hydroxide (61 g.). The 
solution was cooled and acidified and the crude y-(2-methoxy-4-methylphenyl)butyric acid 
(12-5 g., 65%) was isolated by ether-extraction. Two recrystallisations from n-hexane yielded 
the pure acid, m. p. 47:-5—49-5°. 

5-Methoxy-71-methyltetral-1-one.—(i) The foregoing acid (3-0 g.) was added, with vigorous 
stirring, to ‘ polyphosphoric acid ’’ [phosphoric oxide (12 g.) and syrupy phosphoric acid 
(10 c.c.)] at 165°. The mixture was kept for 3 min. at this temperature, cooled to 90°, and then 
triturated with water. The product, isolated in the usual way, was distilled in vacuo, to give 
5-methoxy-7-methyltetral-1-one (1-75 g., 64%) as an almost colourless oil, b, p. 114—118°/0-05 mm, 
(Found: C, 75-9; H, 7-1. C,,H,,O, requires C, 75-8; H, 7-4%). Use of a lower temperature 
(90-—100°) and of longer heating (25 min.) * gave a 30%, yield. The 2; 4-dinitrophenylhydrazone 
crystallised from chloroform—methanol in needles, m. p. 232—-233° (decomp.) (Found ; C, 58-4; 
H, 5-1. CygH,sO,N, requires C, 58-4; H, 49%). 

(ii) Phosphory] chloride (3 c.c.) was added dropwise to the butyric acid (6 g.) in tetrachloro- 
ethane (120 c.c.). The solution was heated under reflux for 24 hr, and poured on ice, The 
solvent was removed by steam-distillation and the residue collected in ether and purified in the 
usual way to give the tetralone (2-7 g., 50%) which was, however, less pure than that produced 
by the first method, 

2: 4-Bis-p-dimethylaminophenylimino-1 ; 2: 3: 4-tetrahydro-5-methoxy-7-methyl-1-oxonaphtha- 
lene.—A solution made by the addition of 2n-sodium hydroxide (4 ¢.c.) to a solution of the 
foregoing tetralone (2-8 g.) and of p-nitrosodimethylaniline (5-6 g,) in ethanol (43 c.c.) was kept 
at room temperature for 2 days. The precipitated dianil (5-3 g., 78%) was collected and was 
crystallised from benzene-light petroleum (b. p. 40--60°) to give permanganate-coloured 
needles, m. p. 165—166° (decomp.) (Found; C, 741; H, 6-9. CygH,O,N, requires C, 74-0; H, 
6-65%). 

2-Hydroxy-5-methoxy-7-methyl-1 : 4-naphthaquinone.-The dianil (2-15 g.) and 25% v/v 
sulphuric acid (60 c.c.) were heated under reflux for | hr. The mixture was cooled, diluted with 
water, and extracted with chloroform. The chloroform extract was then shaken with successive 
portions of saturated aqueous sodium hydrogen carbonate until the latter was no longer coloured, 
The combined aqueous extracts were acidified and extracted with chloroform, The chloroform 
solution was dried (Na,SO,) and the solvent was evaporated, Chromatography of a benzene 
solution of the residue on a column of anhydrous magnesium sulphate (11 x 4cm.), development 
with benzene, elution of the yellow band with benzene containing 10% v/v of ether, and evapor 
ation of the solvents from the eluate yielded ca, 0-5 g. of khaki-coloured material which was 
recrystallised from benzene-light petroleum (b. p. 100-—120°) to give 2-hydroxy-5-methoxy-7 
methyl-1 : 4-naphthaquinone as yellow-ochre plates, m. p. 180-—182° (decomp.) (Found: C, 66-0; 
H, 48. C,,H,,O, requires C, 66-0; H, 46%) 

2 : 5-Dihydroxy-7-methyl-1 : 4-naphthaquinone.Powdered aluminium chloride (75 g.) and 
sodium chloride (15 g.) were mixed in a warm mortar and then transferred to a small flask, The 
mixture was heated, with stirring, at 160° until dissolution was complete. The solution was 


7 Martin, /. Amer. Chem. Soc., 1936, §8, 1438 
* Huang-Minlon, ibid., 1946, 68, 2487. 

* Cf. Koo, ibid., 1953, 7§, 1891 

Cf. Lockett and Short, J., 1939, 789 
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cooled to 90° and then poured, with stirring, on 2-hydroxy-5-methoxy-7-methyl-1 : 4-naphtha- 
quinone (260 mg.), This mixture was kept, with stirring, at 180° for 4 min. and was then 
allowed to cool," The mass was set aside overnight with a mixture of ice and concentrated 
hydrochloric acid. The resulting solution was diluted with water and extracted with ether. 
The ethereal solution was dried (Na,SO,), and the solvent was evaporated, The residue was 
dissolved in benzene and chromatographed on anhydrous magnesium sulphate (10 x 5 cm.), 
and the yellow band was eluted with benzene containing 10—15% by volume of ether. The 
solvent was removed from the eluate by distillation in vacuo and the residue wag crystallised 
from light petroleum (b. p. 100--120°) to give 2: 5-dihydroxy-7-methyl-1 : 4-naphthaquinone 
(150 mg., 64%) as orange plates, m. p. 200° (decomp.) (Found: C, 64-8; H, 4:1. C,,H,O, 
requires C, 64-7; H, 3-96%). Light absorption in EtOH: 3,,,, 247, 200, 411 mp (log ¢ 4-11, 
4-06, and 3-59 respectively). 


One of us (J. E. D.) thanks the Fssex Education Committee for a grant. 
Tue University, NoTTIncHaM. [Received, January 11th, 1956.) 


‘t Cf. Brunner and Singule, Monatsh., 1948, 79, 81 


426. Demethoxykanugin: a New Crystalline Compound from 
Pongamia glabra. 
By O. P. Mirra and T. R. SesHapri. 


Besides kanugin a second crystalline compound has now been isolated 
from the root as well as the stem bark of Pongamia glabra. By degradation 
and synthesis it has been shown to be 3: 7-dimethoxy-3’ : 4’-methylene 
dioxyflavone and so is demethoxykanugin. 


lux roots of Pongamia glabra were examined earlier by Rangaswami, Rao, and Seshadri,' 
who found therein kanugin (Ia) and a closely related substance, the latter occurring 
especially in the thicker roots. Though they obtained kanugin free from the second 
compound, they were not able to isolate or characterise the latter. Rangaswami * 
isolated from the stem bark only a small quantity of kanugin, in a yield one-tenth of that 
from the root bark. The fresh root bark and the stem bark have now been re-examined and 
the second component has been isolated and characterised. 


‘ 
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\ crude mixture obtained by alcoholic extraction of the root bark gave colour reactions 
characteristic of flavonoid ethers and of methylenedioxy-groups. With alcoholic potassium 
' Rangaswami, Rao, and Seshadri, Proc. Indian Acad. Sci,., 1942, 16, A, 319; cf. Rangaswami and 


Seshadri, tbid., 1943, 17, A, 20; Rajagopalan, Rangaswami, Rao, and Seshadri, sbid., 1946, 23, A, 60. 
* Rangaswami, Current Seci., 1946, 15, A, 127. 
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hydroxide it yielded myristicic acid (Ila), piperonylic acid (IIb), and 2-hydroxy-4 : w-di- 
methoxyacetophenone (III); the first and the third were obviously derived from kanugin. 
The formation of piperonylic acid indicated the nature of the second component which 
was supported by the demethylation of the mixture and examination of the product by 
circular paper chromatography: this indicated the presence of robinetin (IVa) and fisetin 
([V6). Kanugin, being a derivative of robinetin, the second component should be a fisetin 
derivative. 

Chromatography on an alumina column, but not fractional crystallisation, was effective 
for separation of the mixture, yielding kanugin and a second colourless substance. The 
latter gave the same colour reactions as the mixture, had the formula C,,H,,0,, contained 
two methoxyl groups, and on fission yielded 2-hydroxy-4 : w-dimethoxyacetophenone and 
piperonylic acid, showing that it was a fisetin derivative having a 3’ : 4’-methylenedioxy- 
group and 3- and 7-methoxyl groups (16). This constitution was supported by demethyl- 
ation, whereby fisetin (1Vb) was obtained and identified by its colour reactions and as 
acetate. Since the new substance contains one methoxyl group less than kanugin, it 
is named demethoxykanugin. 

This constitution has been confirmed by synthesis; 7-hydroxy-3-methoxy-3’ ; 4’- 
methylenedioxyflavone * was methylated and the product found to be identical with the 
natural sample. 

oth kanugin and demethoxykanugin were found in the stem bark also, the yield of 
the crude mixture being about half of that obtained from the root bark with a lower 
proportion of demethoxykanugin. 


EXPERIMENTAL 


Extraction of the Root Bark.—The bark (5 Ib.) was collected in Dethi from fresh mature roots 
(diameter 1-3 in.), chopped, and extracted with boiling alcohol (3 « 10 hr.). The total 
extract (20 1.) was concentrated under reduced pressure till a dark brown emulsion (600 c.c.) 
was left. ‘This was repeatedly extracted with ether, and the yellow ether solution (1-5 1.) concen- 
trated to one-third of its volume and then washed repeatedly with 5%, aqueous sodium 
hydroxide, which removed dark saponin-like material rhe ether solution, on evaporation, 
left a brownish-yellow mass which, after drying in the vacuum-desiccator, was dissolved in the 
minimum quantity of anhydrous acetone. Treatment with light petroleum precipitated a 
small quantity of a yellow oil which was removed by filtration through charcoal, The 
filtrate, on slow evaporation, deposited a light yellow granular solid melting indefinitely 
between 110° and 150°. Washing it with a small quantity of ether removed most of the colour 
and the adhering oil. The crude product (mixture M) melted at 150--151° after sintering 
at 122°. The yield was 0-2% of the weight of the fresh bark, ‘The mixture was insoluble in 
dilute sodium hydroxide, even when boiled for a few minutes. Its alcoholic solution did not 
give a colour with ferric chloride but gave a deep red colour with magnesium and hydrochloric 
acid. When warmed with sulphuric acid and a little gallic acid, it produced a deep emerald- 
green colour 

Alkali Fission of Mixture M.—The mixture (2 g.) was refluxed with 8% absolute-alcoholic 
potassium hydroxide (100 c.c.) for 8 hr., then evaporated under reduced pressure, water (100 
c.c.) was added, and the reddish-brown solution filtered through cotton wool. The filtrate 
was acidified and extracted with ether, and the ethereal solution shaken with 5% aqueous 
sodium hydrogen carbonate (2 x 50 c.c.), The aqueous solution, on acidification, yielded a 
colourless acid mixture. The ether layer was finally washed with water, dried, and evaporated. 
rhe residue solidified and crystallised from aqueous alcohol as colourless rectangular plates, 
m. p. 68—69° alone or in admixture with 2-hydroxy-4: w-dimethoxyacetophenone, The 
2: 4-dinitrophenylhydrazone crystallised from acetic acid as bright red rectangular plates, 
m. p. 222—-223”. 

The colourless acid mixture when examined by circular paper chromatography (Whatman 
No. 1), with ammonia-saturated butanol as solvent and p-bromophenol-blue as indicator,‘ 
gave two rings with R, 0-50 and 0-32. On crystallisation from aqueous methanol, the first 


* Rao and Seshadri, Proc. Indian Acad, Sci., 1946, 23, A, 149 
4 Fewster and Hall, Nature, 1951, 168, 78 
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crop consisted of colourless needles, m. p. 229—230°, giving no ferric reaction but*a positive 
methylenedioxy-test. It was identified as piperonylic acid by comparison with an 
authentic sample, The second crop on recrystallisation from the same solvent separated as 
colourless needles, m. p, 211—-212° alone or mixed with myristicic acid. 

Demethylation of Mixture M,—Mixture M (1-0 g.), acetic anhydride (10 c.c.), and hydriodic 
acid (d 1-7; 10 c¢.c.) were refluxed for 1 hr., then poured into an ice-cold solution of sodium 
hydrogen sulphite. The resulting yellow solid melted indefinitely between 282° and 310° 
and on examination by circular paper chromatography at 33—34° with water-saturated phenol 
as solvent and dilute aqueous ammonia as spray showed two rings with R, 0-44 and 0-66 which 
corresponded to those given under the same conditions by robinetin and fisetin respectively. 

Separation of the Mixture,—The adsorbent was prepared by rinsing alumina (Brockmann 
standard, E. Merck) with 0-I1n-hydrochloric acid, washing it with distilled water, and drying 
it at 300-—400° for | hr. A solution of mixture M (1-5 g.) in dry benzene (150 c.c,) was placed 
on the column which was eluted with benzene and then ethyl acetate. The m. p. of successive 
fractions rose progressively from 132° to 205°. Finally elution with hot ethyl! alcohol gave 
a small quantity of oil which was discarded, 

Fractions of m. p. >198°, on crystallisation from alcohol, yielded kanugin as plates, m. p. 
and mixed m, p, 207-—~-208°. 

Iwo fractions (m, p. ca, 145° and 150°) were combined and crystallised from ethyl acetate. 
The first crop melted between 124° and 146° and the second at 116—-127°. The first, when 
chromatographed again, yielded two fractions, m. p. 122—-140° and 136-—-144° respectively. The 
latter crystallised from ethyl acetate-light petroleum as needles, m, p. 147° (Found; C, 65-4; H, 
4:1; OMe, 19-1. CygHy,O4 requires C, 66-2; H, 43; 20Me, 19-0%). This demethoxykanugin 
gave a positive methylenedioxy-test, a reddish-pink colour with magnesium and hydrochloric 
acid, and no ferric reaction, It was insoluble in aqueous alkali but dissolved in concentrated sul 
phuric acid to a yellow solution with a greenish fluorescence and was immediately precipitated 
on dilution with water. However, it was more soluble in ethyl alcohol and benzene than was 
kanugin and its solution in alcohol did not fluoresce. Like that of kanugin, its solution in 
concentrated hydrochloric acid was bright yellow. 

Demethoxykanugin (0-1 g.) and 8% absolute-alcoholic potassium hydroxide (10 c.c.) were 
refluxed for 8 hr. and worked up as described above, The bicarbonate-soluble portion crystal- 
lised from dilute alcohol as colourless needles, m, p. 229-—230°, identical with piperonylic acid, 
and the insoluble part was 2-hydroxy-4 : w-dimethoxyacetophenone 

Demethoxykanugin (0-1 g.) was demethylated by hydriodic acid (d 1-7) and acetic anhydride, 
and the product crystallised from ethyl acetate-light petroleum as yellow needles, m. p 
$20-326°. This product gave an olive-brown colour with alcoholic ferric chloride and was 
soluble in sodium carbonate to an orange-yellow solution and in concentrated sulphuric acid 
to a yellow solution with a green fluorescence. The acetate prepared by means of acetic 
anhydride and pyridine crystallised from alcohol as needles, m. p. 201—-202° alone or mixed 
with fisetin tetra-acetate, 

Synthesis of Demethoxykanugin.—7-Hydroxy-3-methoxy-3’ ; 4’-methylenedioxyflavone * 
(0-5 g.), anhydrous acetone (40 c.c.), dimethyl! sulphate (0-1 c.c., 1 mol.), and ignited potassium 
carbonate (0-6 g.) were refluxed for 4 hr. Acetone was distilled off and the residue treated 
with water. The precipitate crystallised from ethyl alcohol as needles, m. p. 146—147° 
(0-5 g.) (Found: C, 66-6; H, 4-6. Cale. for C,,H,,O,: C, 66:2; H, 43%). The mixed 
m. p. with the natural sample was undepressed., 


Tne University, Decur-8, INpia Recewed, January 23rd, 1956.) 
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427. Terpene Compounds. Part X.* A Synthesis of (4-)-Anqustione. 


By J. C. BaARDHAN and R. N. Apnya. 


Ethyl axy-trimethyladipate is converted into 2:3: 5: 5-tetramethyl 


cyclopentanone, which with chromic acid furnishes 2: 2: 4-trimethyl-5-oxo 
hexanoic acid, the ethyl ester of which is cyclised to 4: 4: 6-trimethyleyelo- 
hexane-1 ; 3-dione* (I), and finally acetylated to give 2-acetyl-4: 4: 6-tri- 
methylcyclohexane-l : 3-dione (II), identical with (+-)-angustione.* 


SIMONSEN and his co-workers ! isolated from the essential oil of Backhousia angustifolia 
two monocyclic triketones, (—)-angustione and (—)-dehydroangustione. On oxidation 
with potassium hypobromite angustione is quantitatively converted into (—)-ae#y-tri- 
methylglutaric acid, and on hydrolysis with sodium hydroxide into 4: 4: 6-trimethyl- 


CMe, CMe, CMe, 
“ss “ss a. “ 
oc CH, MeHC CH, Malic CH, 
CN 
H . F 
AcHC - Me c “cog oc yCMe OC. ciiMe 
co CH CH CH 
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cyclohexane-1 : 3-dione (I) and an equivalent of acetic acid. Moreover, (—)-dehydro- 
angustione on hydrogenation over palladium is completely racemised, giving (-+)- 
angustione ® in a high yield. 

According to Birch * angustione is best represented as 2-acetyl-4 : 4: 6-trimethyleyelo- 
hexane-1 : 3-dione (II), since its properties and reactions fall into line with those of 2-acetyl- 
5 : 5-dimethyleyclohexane-1 : 3-dione.4 This structure for angustione has recently been 
confirmed by Chan and Hassall ® who synthesised the dione (1) and thence by acetylation 


CO,Et-CMe,-CH,-CHMe-CH(CN) CO, Et CO,Et-CMe,CH,-CHMe-CH, CO, Et 
(VI) (VII) 


a product which gives derivatives identical with those of (4 )-angustione, although they 
did not purify the liquid triketone (II) itself. 
The present work was initiated with the same objective, and we record a synthesis of 
(4-)-angustione which we have carried out independently by an alternative route.® 
5-Chloro-2 : 3 : 3-trimethyleyclohex-5-enone * was condensed with ethyl sodiocyano 
acetate, giving a crystalline product, which owing to its marked acidic properties is 
formulated ® as (III). This on hydrolysis with hydrochloric-acetic acid afforded 


CH CHMe CH- CHMe CHy— CHMe 
Mec | Mex 
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3:3: 5-tetramethyleyclohex-5-enone (IV), which was hydrogenated over palladium to 


2:3:3. 5-tetramethyleyclohexanone (V). The last on oxidation with nitric acid gave a 


Me.c 


* Part IX, J., 1956, 358. 


' Gibson, Penfold, and Simonsen, /., 1930, 1184 

* Cahn, Gibson, Penfold, and Simonsen, /., 1931, 286 

? Birch, /., 1951, 3026 

* Dieckmann and Stein, Ber., 1904, 37, 3370; Crossley and Renouf, /., 1912, 101, 1529 
®* Chan and Hassall, /., 1955, 2860 

* Adhya, Thesis, Calcutta, April, 1955 

? (a) Crossley and Renouf, J , 1911, 99, 1106; (+) Crossley and Gilling, J., 1910, 97, 521. 


2180 Bardhan and Adhya: 


gummy acid, and our expectation to obtain avy-trimethyladipic acid ™ as the sole product 
was not realised. Ethyl 1l-cyano-2 ; 4-dimethylpent-l-ene-1 : 4-dicarboxylate * was then 
hydrogenated over palladised charcoal to give ethyl 1-cyano-2 : 4-dimethylpentane- 
|; 4-dicarboxylate (VI) in a good yield. The hydrolysis of the latter with hydro- 
chloric acid™ did not, however, proceed satisfactorily, probably owing to the 
remarkable ease with which l-carboxy- and |-cyano-adipic acids undergo ketonisation 
in presence of hot mineral acids.” On the other hand, the saturated cyano-ester (VI), 
on hydrolysis with alcoholic potassium hydroxide followed by decarboxylation of the 
derived triacid, furnished awy-trimethyladipic acid in an excellent over-all yield. The 
derived diethyl ester (VII) on Dieckmann cyclisation and methylation gave ethy! 
|; 3: 3: 5-tetramethy!-2-oxocyclopentanecarboxylate (VIII). This en hydrolysis with 
aqueous alkali gave 2; 2:4: 5-tetramethyleyclopentanone (1X). Chromic acid converted 
the latter smoothly into 2; 2 ; 4-trimethyl-5-oxohexanoic acid (X; R =H). The ethyl 
ester (X; K = Et) was readily cyclised by sodium ethoxide to 4: 4: 6-trimethyleyclo- 
hexane-l : 3-dione (I), identical with that obtained from angustione.’ The dione (I) on 
acetylation by the known method* gave 2-acetyl-4: 4: 6-trimethyleyclohexane-| : 3 
dione (LI) indistinguishable in derivatives and in itself from natural (-+-)-angustione as 
regards physical constants and ultraviolet and infrared spectra. 


EXPERIMENTAL 

Attempts to prepare aay-Tvimethyladipic Acid from 2: 3:3: 5-Tetramethylcyclohexanone 
(V).-Ethyl a-cyano-a-(3-hydroxy-4 : 4: 5-trimethyleyclohex-2-enylidene)acetate (III). 5-Chloro- 
2:3. 3-trimethyleyclohex-5-enone ™ (15 g.) was added with cooling to a suspension of ethyl 
sodiocyanoacetate prepared from sodium (2 g.), calcium-dried ethanol (28 ml.), and ethyl 
cyanoacetate (10 ml.). After 12 hr, at the room temperature the mixture was heated on the 
steam-bath for 6 hr,, cooled, diluted with water, acidified with sulphuric acid, and extracted 
with ether, The ethereal solution was washed, dried, and evaporated, ‘The crystalline residue 
(13-2 g.), on recrystallisation from aqueous methanol, formed prisms, m, p. 135-—~136° (Found : 
C, 67-2; H, 7-6. CygHyO,N requires C, 67-5; H, 76%). The ester (111) gives a green colour 
with ethanolic ferric chloride and is acid in aqueous solution. 

2:3: 3: 5-Tetramethylcyclohex-b-enone (1V). The above cyano-ester (25 g.) was refluxed 
with concentrated hydrochloric acid (25 ml.) and acetic acid (50 ml.) for 35 hr. On cooling, 
water was added, and the liquid extracted with ether. The ketone (1V) was obtained as an oil 
(8 g.), b. p. 101—102°/20 mm, (Found: C, 78-7; H, 10:5. Cy H,,O requires C, 79-0; H, 
104%). ‘The semicarbazone separated from aqueous ethanol in prisms, m. p. 188° (Found: C, 
62-6; H, 90, CyyHyON, requires C, 63-1; H, 91%). 

2: 3:3: 5-Tetvamethyicyclohexanone (V). The preceding unsaturated ketone (10 g.) was 
hydrogenated over colloidal palladium (0-1 g.) in ethanol (10 ml.) until 1770 ml. of hydrogen (at 
35°) had been absorbed, The product (9-1 g.) readily yielded a semicarbazone which from 
ethanol formed prisms, m. p, 175° (Found; C, 62-1; H, 98. C,,H,,ON, requires C, 62-6; H, 
9-9%). The regenerated ketone (V) had b. p. 90°/11 mm. (Found: C, 77-8; H, 11-6. C,,H,,0 
requires C, 77-9; H, 11:7%). This on oxidation with nitric acid (d 1-25), in the usual way, gave 
a gummy acid which showed no tendency to crystallise and was not further examined. 

any-Tvimethyladipic Acid.-Kithyl 1-cyano-2 : 4-dimethylpent-l-ene-1 : 4-dicarboxylate * 
(21-5 g.) was hydrogenated over 5°%, palladised charcoal (1 g.) in ethanol (21 ml.). The catalyst 
and solvent were removed, and the residue on distillation yielded ethyl 1-cyano-2 : 4-dimethyl 
pentane-1 : 4-dicarboxylate ™ (VI) (21 g.), b. p. 144—146°/4 mm. (Found: C, 62-1; H, 8-4 
Cale. for C\,H,,O,N: C, 624; H, 85%). A mixture of this cyano-ester (7 g.), potassium 
hydroxide (14 g.), water (28 ml.), and ethanol (18 ml.) was refluxed for 40 hr. The excess of 
ethanol was distilled off, and the solution acidified with hydrochloric acid, and evaporated to 
dryness on the steam-bath. The solid mass was extracted with ether, the solvent removed, 
and the residue heated at 180—185° until no more carbon dioxide was evolved, and then 
esterified, in the usual way, The diethyl ester (VII) (4-8 g.) had b. p. 131°/12 mm, (Found: C, 
63-8; H, 9-8, Cale. for C,,H,,0,: C, 63-9; H, 98%). Birch and Johnson ™ record b. p. 


* (a) Birch and Johnson, /., 1951, 1495; (+) Quadrat-i-Khuda and Ghosh, / Indian Chem. Soc., 
1939, 16, 287; Quadrat-i-Khuda and Mukherji, ibid., 1946, 23, 435 

* Mukherji and Bardhan, /., 1949, 198; Bardhan and Ganguli, /., 1936, 1853 

© Crombie, Tlancock, and Linstead, /., 1953, 3496 


(1956) Terpene Compounds. Part X. 2181 
123°/9 mm. This on hydrolysis gave awy-trimethyladipic acid as prisms, m. p. 101—-102° (from 
water) (lit.,8* 100-1—100-5°) (Found: C, 57-3; H, 8-6. Cale. for C,H,,0,: C, 57-4; H, 85%). 

Ethyl 1:3: 3: 5-Tetramethyl-2-oxocyclopentanecarboxylate (VIII),-Ethyl aaxy-trimethyl- 
adipate (16-2 g.), finely powdered sodium (1-7 g.), and dry benzene (33 ml.) were heated on the 
water-bath until the sodium dissolved (2 br.). The product was cooled in ice, treated with 
methyl iodide (8 ml.), and then heated on the water-bath for 10 hr. The helo-ester (VIII) 
formed a colourless liquid (11 g.), b. p. 115°/7 mm. (Found: C, 67-7; H, 9-5. CygH gO, requires 
C, 67-9; H, 94%). It did not give a colour with ethanolic ferric chloride, 

2:2: 4: 5-Tetramethyicyclopentanone (1X).—The foregoing keto-ester (18 g.) was hydrolysed 
by potassium hydroxide (18 g.) in boiling water (225 ml.) for 7 hr. On cooling, the liquid was 
extracted with ether, and the ethereal solution washed, dried (Na,SO,), and distilled. The 
hetone (6-2 g.), b. p. 166-—167°/760 mm., had a characteristic smell (Found: C, 77-0; H, 14-4, 
C,H,,0 requires C, 77-1; H, 11-4%). The higher-boiling residue, on hydrolysis as above, gave 
a further quantity (1-2 g.) of the ketone. 

2:2: 4-Trimethyl-5-oxohexanotc Acid (X; R = H).-—To a solution of the preceding ketone 
(7 g.) in purified acetic acid (10 ml.) cooled in ice was added slowly, with stirring, a solution of 
chromium trioxide (10 g.) in water (10 ml.) and acetic acid (75 ml.). The liquid was kept 
overnight and then heated on a water-bath for 1 hr., cooled, and repeatedly extracted with 
ether. After removal of the solvent from the dried ethereal extract the acid (X; R = H) 
(3-3 g.) distilled as a colourless liquid, b. p. 153—155°/12 mm. (Found; C, 62-6; H, 9-2, 
CyH,,0, requires C, 62-8; H, 93%). A semicarbazone could not be prepared under the usual 
conditions, The ethyl estey (X; R = Et), prepared in ethanolic hydrogen chloride, had b, p 
130°/14 mm. (Found: C, 65-9; H, 10-1. C,,H,,O, requires C, 66-0; H, 10-0%). 

4:4: 6-Trimethylcyclohexane-1 : 3-dione (1).-The last keto-ester (4 g.) was heated with a 
solution of sodium (0-5 g.) in absolute ethanol (30 ml.) for 20 hr. The excess of ethanol was 
removed, the aqueous solution cooled and acidified with hydrochloric acid, and the crystalline 
product purified from ethyl acetate—light petroleum (b. p. 60—-80°), The dione (I) formed 
prisms, m. p. 130-—131° (iit... 130-—131°) (Found: C, 70-2; H, 91. Cale. for CgH,,O,: C, 
70-1; H, 91%). 

2-Acetyl-4 : 4: 6-trimethylcyclohexane-| : 3-dione ; ( -4-)-Angustione (11).--The preceding dione 
(3 g.) was refluxed in acetic anhydride (15 ml.) containing fused sodium acetate (0-6 g.) for 7 hr, 
The product was worked up in the usual way, and purified via the copper complex, m, p, 203-— 
204° (from ethanol) (Found *: C, 58-0; H, 6-7. Calc, for Cy,H,O,Cu: C, 58-2; H, 6-7%). 
Cahn et al give m. p. 203—-204°. The regenerated (+-)-angustione had b. p. 126°/14 mm., 
dv* 1-0728, n° 1-5059, [;), 54-23 (Found *; C, 67-3; H, 83. Cale, for Cy,HygO,: C, 67-3; 
H, 82%). Cahn etal. record b, p. 127°/12 mm., 23} 1-083, n®” 1.6087, (Ry), 54:0, This product 
gives an orange-red colour with ethanolic ferric chloride, (-+-)-Aminoangustione which is 
readily prepared from the synthetic material melted at 139---140° with previous softening, as 
stated by Cahn et al? 

The ultraviolet light absorption [4,,,, 276, 234 my (¢ 13,720, 10,405)) was determined in 
ethanol with a Beckman spectrophotometer, Chan and Hassall® record ),,, 276, 233 my 
(e 13,500, 13,500) for (—-)-angustione. The infrared spectra of synthetic (4)-angustione which 
were measured (in CS,) in a Perkin-Elmer double-beam spectrometer show bands at 3-39, 3-44, 
3-51, 6-0, 6-29, 7-07, 7-20, 732, 7-49, 7-78, 7-81, 8-20, 833, 8-51, 8-60, 8-99, 9-24, 9-71, 9-93, 
10-7, 11-15, 11-50, 12-2, 12-87, and 13-6 y, almost identical with those recorded for (-)- 
angustione.* 


The micro-analyses marked * and light absorption measurements were made at the Organic- 
analytical Laboratories of the Swiss Federal Institute of Technology, Zirich, and our best 
thanks are due to Profesgor Dr. L Ruzicka for the facilities which he has kindly placed at the 
disposal of one of us (J. C. B.), 
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The Effect of Sulphur Dioxide on the Oxidation of Copper. 
sy T. Mitis and U. R. Evans. 


The effects of small additions of sulphur dioxide on the oxidation of copper 
were studied at temperatures from 88° to 172°. The growth laws observed 
in pure oxygen in this temperature range agreed with observations by recent 
workers, and were interpreted in terms of a mechanism which accounted for 
the transition from logarithmic growth at low temperatures to parabolic 
growth at high temperatures by means of a single theory. Sulphur dioxide 
accelerated the oxidation of copper, although it did not alter the mechanism 
of the film-growth laws. It also caused a controlled growth of cuprous 
sulphate in the film by a secondary reaction; the amount of sulphate was a 
linear function of the cuprous oxide in the film. 


SULPHUR compounds are known to accelerate oxidation of copper. Vernon ! and Evans * 
showed that the presence of hydrogen sulphide produced colour changes on copper at room 
temperature in dry air. Vernon found that the increase in the rate of attack was 
proportional to the sulphide concentration. Hudson and his co-workers* found that 
(1°, of sulphur dioxide increased twenty-fold the rate of oxidation of copper at 400°. 
Hallowes and Voce * observed a faster oxidation of copper with 01% of sulphur dioxide in 
air at 400°, and a more marked increase with 5%. Farber and Ehrenberg,® with 5%, of 
sulphur dioxide and 95°, of helium, obtained corrosion of copper at 1027°; they did not 
analyse the products, but postulated two competing reactions ; 4Cu +- SO, = 2Cu,O + 5S 
and 2Cu + SO, = Cus -+- O,. 

lhe kinetics of the oxidation of copper in the presence of sulphur dioxide have not been 
studied, but the accelerating effect of both hydrogen sulphide and sulphur dioxide is 
undoubtedly due to the formation of sulphide in the oxide film. 

In the present work the behaviour of copper was studied both in pure oxygen and with 
added traces of sulphur dioxide. An electrometric method of film analysis was developed. 


EXPERIMENTAL 

Preparation of Copper Specimens,—The specimens measuring 8 x 1-56 cm, were cut from 
rolled copper sheet 0-01 in. thick, supplied by Messrs. Harrington Bros. The copper was of 
electrolytic grade, containing : Cu, 99-93; O, 0-04%; with minor impurities, A hole 3 mm. in 
diameter was drilled at one end of the specimen to support it in the electrometric apparatus. To 
ivoid irregularities due to variable surface conditions, a 5-cm. length of each specimen was 
inodically etched in 10% nitric acid at 20 ma/cm.* for 10 min. After being rapidly washed 
with water and acetone, it was wiped dry with filter-paper, which removed a loose deposit of 
black oxide. Next, the specimen was cathodically treated for 10 sec. in 0-1n-sodium dihydrogen 
phosphate (in twice-distilled water) at 20 ma/cm,*; vigorous evolution of hydrogen occurred. 
After being washed quickly in distilled water, then acetone, and dried on filter-paper, the 
untreated 3. cm., which had been used for handling and connection, was cut off; the specimen, 
placed in a glass rack, was introduced into the oxidation chamber, The cathodic treatment in 
the mildly acidic buffer reduced the films formed during and after the anodic etch; an air 
formed film about 10 A thick was still present, but was reduced by heating in hydrogen at 400°, 
in the oxidation chamber. The hydrogen was pumped off and the specimen was not exposed 
to oxygen again before the oxidizing atmosphere was admitted to the oxidation chamber. 

Oxidation Appavatus..-A schematic diagram of the oxidation apparatus with the gas 
purification lines is shown in Fig. 1A. Fig. 1B shows in detail the more important working 
sections of the apparatus. 

Oxygen atmospheres containing sulphur dioxide were prepared by proportioning a standard 
volume of sulphur dioxide between the volume C and the evacuated gas reservoir B. The 


' Vernon, Trans. Faraday Soc., 1923, 19, 839 

Evans, Trans. Amer. Electrochem. Soc., 1924, 46, 247 

Hudson, Herbert, Ball, and Bucknall, /. Jnst. Metals, 1929, 42, 253 
‘ Hallowes and Voce, Metallurgia, 1946, 34, 95 

arber and Ehrenberg, Tvans. Electrochem. Soc., 1952, 99, 427 
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reservoir was filled to atmospheric pressure with oxygen and the concentration of sulphur 
dioxide was calculated. 

The main section of the oxidation chamber consisted of a 3-foot length of 40-mm. glass 
tubing. The volume of the oxidation chamber was 1-2 |. so that, when the working pressure 
of the oxidising atmosphere was 20 cm. Hg, 10 runs could be carried out with one filling of the 
reservoir B. With the sulphur dioxide concentrations and the specimen-size employed, the 
sulphur dioxide concentration did not significantly decrease during a run. Further, with the 
static atmosphere the concentration of sulphur dioxide near the specimen did not appreciably 
change, since, as shown below, the consumption of sulphur dioxide is independent of the sulphur 
dioxide concentration, and is a linear function of the thickness of the film of cuprous oxide. 


Fic. la, Gas-purification lines and pumping system 
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The working section of the oxidation chamber could be heated by either of two furnaces. 
Furnace D operated with a 6-in, zone at 400° +. 5° and was used to reduce the specimens in 
hydrogen. Furnace £ was used during the oxidation of the copper. It has a 4-in, zone with 
temperature uniform to +1° over the temperature range 88—172°, The temperature was 
measured by a chromel-alumel thermocouple with the hot junction located in the centre of 
the oxidation chamber in a glass sheath. 

Oxidation Proceduve.—Aiter two specimens had been placed in the oxidation chamber the air 
was pumped out as quickly as possible. A vacuum of pressure less than 56 x 10% mm. Hg was 
taken to indicate that there were no leaks in the system. The specimens were reduced in 
hydrogen at 400° for 4 hr., then cooled to the oxidation temperature. The hydrogen was 
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pumped out and the oxidation chamber was flushed with nitrogen. The oxidation was started 
by admitting the oxidizing atmosphere as quickly as possible to bring the pressure to the desired 
value as indicated by the mercury manometer, The period of oxidation was terminated by 
evacuating the oxidation chamber and cooling the specimens, 

Measurement of Film Thickness.—Vilm thickness was measured in two ways. The electro- 
metric procedure was mainly used, being the most accurate for thin films and capable of use in 
estimations of the various products separately in a complex film; it had been used on copper 
by Evans and Miley,* Campbell and Thomas,’ Bouillon,’ and Allen.® A gravimetric method 
»ased on an Oertling microbalance was used to verify the electrometric numbers, or to interpret 
them in the case of complex films; it was non-destructive. When the gravimetric method was 
employed, the specimens were reduced in hydrogen, weighed, and then given a second reduction 
in hydrogen before the start of the oxidation experiment. 


Fic. 3. Electrometric reduction curves of films on 
copper. 
1, Copper reduced in hydrogen; c.d, 1 pa/cm.* 
Cells for the electrometric 2, Copper heated in oxygen at 120° for 45 min.; c.d. 
reduction, 10 pa/em.* 
3, Copper heated in oxygen at 150° for 440 min.; 
c.d. 20 pa/cm.* 
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klectrometric Apparatus,-The apparatus for deoxygenating the solution and performing the 
cathodic reduction (Fig. 2) was a modified version of the apparatus used for a similar purpose 
by Mills and Willis.” The electrolyte was contained in the 1-1. reservoir flask A. The specimen 
was suspended on a platinum wire hook in cell B by means of the hole drilled near oneend. The 
two side tubes on cell B contained severally the auxiliary platinum anode D and a silver-silver 
chloride reference electrode L, 

The solution and cells were de-aerated by alternately evacuating and filling the apparatus 
with oxygen-free nitrogen, After four cycles, sufficient solution just to cover the copper 
specimen was forced over into cell B. The electrolyte was a 0-1N-phosphate buffer containing 
equimolar amounts of NaH,PO, and Na,HPO,, made up in twice-distilled water, and had a pH 
of 6-9, A small amount of potassium chloride was added for the silver—silver chloride electrode 

lor most of the reductions a current of 150 ua was used. After each experiment the area of 
the specimen was measured and the reduction time was expressed in terms of the time to reduce 
the film with a current density of 10 pa/em.*. The time of reduction, designated by 7,, was 
then directly proportional to the number of chemical equivalents of copper that had reacted to 
produce the film, 7, was used to refer to the various reduction times of the individual 


* Evans and Miley, Nature, 1937, 139, 283. 

’ Campbell and Thomas, Trans. Electrochem. Soc., 1939, 76, 303 
* fouillon, Bull. Soc. chim. belges, 1951, 60, 337. 

* Allen, Trans. Faraday Soc., 1952, 48, 273 

‘© Mills and Willis, Trans. Electrochem. Soc., 1963, 100, 462. 
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constituents in the film. This method of measuring the film growth was the most convenient 
for the present work in view of the complex nature of the films encountered. 


Oxidation in pure oxygen. 

Analysis of Films.—The phosphate buffer, pH 6-9, was chosen so that the pH of the reduction 
of the oxides was controlled, thus making it possible to identify the product by its potential of 
reduction. Previous workers, using unbuffered solutions, found that cuprous oxide was reduced 
at potentials (dependent on current density) which were more negative than the reversible value, 
Experiments in borate and phosphate buffers of pH 6-9 showed that cuprous oxide was reduced 
at its reversible potential of —0-18v on the saturated calomel scale. In unbuffered 0-IN- 
potassium chloride or -potassium sulphate the reduction step was displaced several tenths of a 
volt. This was shown to be due to alkali formed at the copper cathode by observing a similar 
effect in a phosphate buffer at pH 9. 

Even in the buffered neutral solution the reduction of cupric oxide was complicated. A 
sample of cupric oxide was prepared by rubbing cupric oxide powder into a film-free copper 
specimen, and on electro-reduction approximately 20°, of the powder was reduced near the 
reversible reduction potential of —0-08v, and the remainder was reduced at —0-6v,. The 
potential of the arrest at —0-6 Vv was sensitive to current density, and the immediate response 
of the potential to very small changes in current density indicated that a resistance over 
potential was causing part of the displacement. 

Typical reduction curves for the electrometric determination of films are shown in Fig. 3. 
Curve 1 was obtained with a specimen reduced in hydrogen, cooled in vacuum, and transferred 
to the electrometric apparatus as quickly as possible. ‘There is no evidence of any film on the 
copper. On successive anodic and cathodic polarizations a value of 60 ur/cm.* was obtained 
for the capacity of the electric double-layer at the copper~solution interface. This low value of 
the capacity indicated that, after the hydrogen reduction, the copper had a small real surface 
area of the order of 23 times the geometric area, However, microscopic examination indicated 
a roughening of the surface, similar to that observed by Garner," which was probably due to the 
evolution of steam formed by the reduction of intergranular cuprous oxide. 

Curve 2 is that obtained on reduction of a film formed by heating in 20 cm. Hg pressure of 
oxygen for 45 min, at 120°. The film consisted mainly of cuprous oxide reduced at —0-2v. 
There is a small arrest at —0-1 v, the reduction potential of cupric oxide, which was interpreted 
as being due to cupric oxide formed on the peaks of projections observed on the hydrogen- 
reduced copper. ‘The arrest was not observed with thin films formed on specimens that had not 
been reduced in hydrogen. However, the arrest was obtained with specimens that had the 
loose black oxide deposit, formed during the anodic etching, left on the surface. In this case the 
cathodic reduction pre-treatment reduced the oxide particles and left a spongy copper deposit on 
the specimen. It would seem that, where the film becomes abnormally thick due to projections 
or a spongy deposit, the cuprous oxide first formed is oxidized to cupric oxide, the small deposit 
of cupric oxide then being reduced at its reversible potential. With thick films, formed at 120°, 
an arrest at —0-6 v was obtained, The appearance of this arrest has been shown by Bouillon * 
and Halliday,* by electron diffraction, to be due to the presence of cupric oxide in the film, 
Table 1 (i) shows the analyses of 10 sets of duplicate specimens for oxidation experiments at 
120°; similar analyses were obtained for films formed at 88°. At 150° and 172° the formation 
of cupric oxide was greater. The analyses of films formed at these temperatures are shown in 
Tables 1 (ii) and 1 (iii), respectively, Curve 3 in Fig. 3 shows the reduction curve for a film 
formed at 150°. T, (calc.) in the tables was estimated from the gravimetric determination of 
the film. : 

Growth Laws.-—The first series of experiments were carried out at 120°. An oxygen pressure 
of 20 cm. Hg was used, so that the reaction was carried out under conditions where Allen ™ 
found the rate to be independent of the oxygen pressure. Two specimens, supported on 4 
glass rack, were used in each experiment and the mean was used in plotting the results, 
Throughout the experiments the mean deviation from the mean was 42%. The curve 
obtained, plotted in Fig. 4, gave two linear regions when plotted against the logarithm of the 
oxidation time. After 100 min. the initial slow logarithmic build up of film increased to give a 
second logarithmic relation, The curve in the second region was not so well defined as the first 

'! Garner, Proc. Roy. Soc., 1949, A, 197, 204. 


** Halliday, Trans. Faraday Soc., 1964, §0, 171 
Allen, Kesearch, 1952, §, 487. 
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ection. This was undoubtedly due to the fact that different specimens passed from the first 
to the second stage at different times. In order to obtain a well-defined curve for the second 
stage the procedure of intermittently heating and weighing a single specimen was employed. 
The curve obtained under these conditions is shown in Fig. 5, with the thickness plotted against 
log (t! +- 10), where ¢ is the oxidation time. 

The initial slow logarithmic build up of the film was confirmed by experiments at 88°, where 
the heating times used were much longer and therefore were not subject to timing errors in the 
oxidation time. The results are plotted in Fig. 4. 
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Fic. 4. Growth of oxide films on copper 
showing the relation between thickness 
and log (oxidation time); with oxygen 
pressures of 20 (-C-) and 50 (-@-) 
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Experiments in 50 cm. Hg pressure of oxygen at 120°, plotted in Fig. 4, confirmed that the 
oxidation rate was independent of the oxygen pressure in the region 20-50 cm. pressure. The 
displacement of the first linear region was due to a more rapid initial oxidation rate with the 
higher oxygen pressure 


ABLE 1. Copper oxidized in 20 cm. Hg pressure of oxygen. 


(,) At 120°. 
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ype 7, (min.) for arrest at Vy og J ed J, (min.) for arrest at: ——— ‘ 
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(iii) At 172°. 
127 110 161 2 j2 235 
139 440 §=203 297 
245 ° 343 


* End-point not well defined 


At 150° the initial slow step was not obtained, and the plots of the results given by the 
intermittent heating and weighing of two specimens are shown in Fig. 5. The thickness was a 
linear function of log (¢ 4+ 3). Control experiments, in which a number of single heating 
periods were used, showed that the intermittent heating method did not affect the film growth, 
and enabled an electrometric analysis of the film to be obtained at various stages of the film 
growth, These results are shown in Table 1 (ii), 
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A similar technique was used for experiments at 172°, and the results, plotted in Fig. 6, were 
found to fit a parabolic law for heating times up to 200 min. At higher times the rate of oxid- 
ation decreased. Tabe 1 (iii) records the analysis of the film at various heating times. The 
results obtained at 150° are also piotted in Fig. 6; it is seen that the parabolic law is not obeyed. 


lic. 5. Growth of oxide films on FG. 6. Growth of oxide films on copper : the 
copper, in 20 cm. Hg pressure of square of T, plotted against oxidation 
oxygen; the results at 120° were time. 
plotted against log (tt + 10), and a 
the results at 150° against log 15 
(th +- 3). 
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Discussion of Growth Laws.—Various growth laws have been reported for the oxidation 
of copper below 500°, Above this temperature the parabolic law is always obtained. 
Allen,’ working with copper carrying initially a film 20 A thick, obtained results agreeing 
with the parabolic law at 127°. However, in agreement with the present work, White and 
Germer “ found a logarithmic law to be obeyed at room temperature with evaporated 
copper specimens which were initially film-free, and Lustman and Mehl !® obtained the 
double logarithmic relation in the temperature range 88—150° with hydrogen-reduced 
specimens. Garforth,!® working with hydrogen-reduced evaporated films, found that at 
120° and 140° there was an initial rapid growth of the first 100 A, then growth ceased for 
an induction period and suddenly started again. In agreement with the new results at 
172°, Dighton and Miley 4? found that at 180° growth was initially parabolic and then 
slowed down to give a logarithmic relation. Campbell and Thomas ™ and Rhodin ” 
reported a region of film growth obeying a cubic law; no evidence of such a law was obtained 
in the present work. 

Cabrera and Mott ®° considered that the initial growth of 100 A observed by Garforth 
was the formation of a pseudomorphic film, and that growth ceased owing to this film's 
being opaque to cuprous ions when the electric field arising from capture of electrons by 
adsorbed oxygen atoms became insufficiently strong, owing to the thickness having become 
too great. Growth started again after a time interval (40 min, at 120°) when the film 
recrystallized and became conducting to cuprous ions. The initial slow logarithmic 
growth (also obtained in the present work) was considered to be the continued growth of 
this pseudomorphic film. With the etched copper specimens used, it was to be expected 
that the film would contain cracks and flaws which would permit a continuation of the 


14 White and Germer, Trans. Electrochem. Soc., 1942, 81, 305 

16 | ustman and Mehl, Trans. Amer. Inst. Min. Met. Eng., 1041, 148, 246 
'* Garforth, quoted in Rep. Progr. Physics, 1948/9, 12, 163 

‘7 Dighton and Miley, Trans. Electrochem. Soc., 1942, 81, 321 
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* Cabrera and Mott, Rep. Prog. Physics, 1948/9, 12, 163 
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oxidation even though the intact, pseudomorphic, film was protective. In these circum- 
stances a logarithmic growth law would be expected according to the theory advanced by 
Davies, Evans, and Agar.?# 

They considered that at temperatures too low for passage of ions through the main part 
of the film, passage of oxygen inwards can still occur at pores, but that the formation of 
voluminous oxide at any one pore provides a chance of sealing neighbouring pores. This 
leads to the equation 


W = kh, log (het + hg) 
where W is the weight of oxygen taken up intime?t. If hk, < kgf, it becomes 
W = kh, log t + kh, 


the equation actually obtained in the present work from 100 to 300 A at 88° and 120°. 

The break in the curve at film thickness of the order of 300-400 A, where the second 
logarithmic relationship started at oxidation temperatures of 88° and 120°, may be 
attributed to the recrystallization of the pseudomorphic film. This view is supported by 
photomicrographs of films on electropolished specimens. When the tint advanced beyond 
the first-order brown, the grains exhibited a fine structure which suggests that recrystalliz 
ation of the cuprous oxide film had occurred. 

According to Cabrera and Mott,” the logarithmic relation after the breakdown of the 
pseudomorphic film should mean that the film was still opaque to cuprous ions and the 
oxidation once more continued at pores in the film. However, the logarithmic growth may 
be accounted for if the recrystallized film allows cations to pass outwards, leaving cavities at 
the metal-metal oxide interface and thus reducing the effective area undergoing oxidation. 
Dravnicks and McDonald ™ suggested that the consumption of metal owing to the outward 
diffusion of ions should lead to voids in the metal-metal oxide interface. On this basis the 
transition, with increasing oxidation temperatures, from (1) logarithmic growth (120°), 
(2) parabolic growth in the early stages followed by logarithmic growth (172°), and (3) 
parabolic growth over the entire range of oxidation (>-500°) may be accounted for by a 
single theory. 

Dunnington, Beck, and Fontana ™ showed that large cavities were formed between the 
metal and scale on strongly heated iron, and Caplan and Cohen ™ made the same observ- 
ation on iron-chromium alloys. Bouillon ® observed blisters of cupric oxide on copper 
heated for 1 hr. at 205°. He attributed their formation to the oxidation of the cuprous 
oxide film at zones where the cuprous oxide became isolated from the underlying metal owing 
to cavity formation. Dennison and Preece *® observed a decrease in the rate of oxidation 
of copper alloys containing beryllium or aluminium which they attributed to a decrease in 
the effective area caused by the formation of insulating layer of either beryllia or alumina 
at the metal-metal oxide interface. 

When a new metal cation passes outwards through the oxide film, a vacancy is left at 
the metal-metal oxide interface and it may do one of three things: (1) remain at a point 
where no cavity previously existed and thus result in a further decrease in effective area, 
(2) migrate to the bottom of an existing cavity, or (3) migrate to a dislocation which can 
act as a sink and destroy the vacancy. 

Assuming that the chance of the occurrence of (1) is proportional to the number of sites 
still available for the vacancy, Evans ** deduced : 
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an equation of which the ordinary logarithmic equation is a special case obtained when 


hk it, (3) then becoming : 


7° 
W=hylogi+kp . OS (4) 

*! Davis, Evans, and Agar, Proc. Roy. Soc,, 1954, A, 225, 443 

* Dravnicks and McDonald, Trans, Electrochem. Soc., 1948, 94, 139. 

** Dunnington, Beck, and Fontana, Corrosion, 1962, 8, 2. 

** Caplan and Cohen, ]. Metals, 1952, 4, 1057. 

*§ Dennison and Preece, ]. Inst. Metals, 1953, $1, 229. 

** | vans, Rev. Pure Appl. Chem., 1955, 5, 1 
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The experimental results at 120° and 150° agree with the new equation (3), but not with 
the ordinary logarithmic equation. 

The decrease in cavity formation with decrease in effective area is probably more 
complex than that just suggested. When the area undermined by cavities has become 
large, a partial collapse of the undermined film by slip in the oxide would result in 
re-establishment of contact between oxide and meta! at some points, thus increasing the 
effective area. 

As the oxidation temperature is raised, the chance of relief of stress will increase and the 
probability of cavity formation will diminish. At 172° the formation of cavities only 
becomes appreciable at large film thicknesses, and at much higher temperatures the 
parabolic law has been obtained over the whole range of film growth by most investigators, 
suggesting that cavities are not formed under these conditions. 


Oxidation in the presence of sulphur dioxide 


Analysis of the Film.—The film formed in the presence of sulphur dioxide produces a much 
greater weight increase than would be indicated by the electrometric determination if the film 


Fic. 7. Electrometric reduction curves of Fic. 8. Electrometric reduction curves of films 
films formed on heating coneet at 120° on copper; c.d. 10 paj/em.* 
in oxygen containing SO,; c.d. 10 
pa/om.* 
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1, 3 min. inJO, + 0°2% SO, at 120°. 
to 2, 5 min. in O, + 0 2% SO, at 120°. 
\ 3, 45 min. in O, 4+ 0°2% SO, at 120° 
qi , . , 7 os 
1, Electrolyte hoophete buffer 4, 460 min. in O, + 0°2% sé, at 120° 
9 Electrolyte, ovate buffer . 5, Cuprous sulphide film treated in hydrogen 
3, Electrolyte, borate buffer + 0-041N-KBr. at 400". 


consisted of oxide alone. Chemical tests showed that this increase is due to the presence of 
sulphate in the film, The type of reduction curve obtained is shown in curve 1, Fig. 7, The 
arrest at —0-1 v is equivalent to the sulphate in the film, and that at - 0-2 v is due to cuprous 
oxide. This interpretation is confirmed by the gravimetric estimation of the film for all 
film thicknesses, oxidation temperatures, and sulphur dioxide concentrations used in the 
investigation, 

Weighing of the specimens after the electrometric determination showed that, when sulphate 
was present in the film, some loss of copper occurred—in amounts unrelated to the sulphate 
content of the film. This suggested that the sulphate was present as cuprous sulphate and 
underwent the reaction Cu,SO, = CuSO, + Cu when immersed in the solution, The loss of 
copper could reasonably be ascribed to some of the finely divided copper’s being washed into 
the solution. 

The cupric sulphate was evidently precipitated on the electrode as an insoluble phosphate 
and was electro-reduced as such. It was shown that the addition of a dilute solution of cupric 
sulphate to the phosphate buffer gave a precipitate. A similar test with a borate buffer of pH 
6-9 gave no precipitate. When a specimen was cathodically reduced in a borate buffer, a curve 
such as that shown in curve 2, Fig. 7, was obtained. The cupric sulphate arrest was at --0-06 v, 
which corresponded to the reduction potential of cupric hydroxide. The electrometric result 
in the borate buffer was smaller than that in the phosphate buffer owing to the greater solubility 


of cupric hydroxide. That the first reduction step was due to the precipitation of insoluble 
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cupric salts formed by reaction with the solution was further confirmed by the use of an 0-1N 
sodium carbonate solution, The first arrest in this solution occurred at the reduction potential 
of cupric carbonate, 

The sulphate was shown to be present in the film as cuprous sulphate in the following way 
Potassium bromide was added to the borate buffer. If soluble cuprous salts were present they 
would be stabilized by being precipitated as cuprous bromide. A bromide concentration of 
0-041 was chosen so that the cuprous bromide, if formed, would be reduced at —0-12v, a 
potential intermediate between that of the arrest due to cupric hydroxide and that due to 
cuprous oxide, Curve 3, Fig. 7, is the one obtained in this solution, and an analysis of the curve 
is given in Table 2, in which is also recorded the result of analyzing the film on a duplicate 
specimen, in phosphate buffer 

Part of the first arrest (equivalent to 8 min.) occurred at the cupric hydroxide potential, and 
the balance at the cuprous bromide potential, This showed that at least 70% of the sulphate 


Tapie 2. Electro-reduction data for copper heated in 20 cm. Hg pressure of 
O, + 1% SO,, at 120° for 5 minutes 
Arrest due to sulphate Arrest due to cuprous T,, Total time of | 
Solution (min,) oxide (min reduction of film (min’) 


Borate buffer + 0-041n-K Br... 8 + 22 30 51 81 
Vhosphate bufler 29 55 4 


was present as cuprous sulphate, It is possible that the cupric hydroxide was formed in the 
interior of the film, where the solution was depleted of bromide by diffusion through the outer 

Jayers of cuprous sulphate. A similar effect was observed in the phosphate buffer, wherein, 

with extremely thick films, part of the sulphate salts were reduced as cupric hydroxide instead 
of cupric phosphate. 

‘Typical reduction curves of films of different thicknesses, formed in the presence of sulphur 
dioxide, are shown in Fig. 8, and Table 3 shows the electrometric analysis of films formed at 
different heating times in O, + 0-2% SO, at 120°. In the initial rapid period of oxidation (up 
to a thickness of 30 A at 120° and 750 A at 172°) only cuprous oxide was formed, then on further 
heating the formation of cuprous sulphate started. With thick films an arrest at —0-8 v was 
obtained, The work of Price and Thomas * seemed to suggest that the arrest may have been 

TABLE 3. 

Oxidation T, (min.), T, (min.), reduc Oxidation 7, (min.), Ty, (min.), reduc 
time arrest at tion time of time arrest at tion time of 
(min) OlvV OB VY total film (min.) Oly 0-8 V total film 

40 30 20-6 

41 26-0 
4°58 20-7 43°3 
4-7 18-6 45-4 
10-5 30-0 51-3 
7 27-5 55-9 
17-0 10 47-0 78-0 
15-5 0-5 42-5 74:0 


due to cuprous sulphide, However, a similar arrest was obtained with the air-formed film on 
copper after anodic etching in either 10% nitric or sulphuric acid, and also by Allen ® with 
specimens electropolished in phosphoric acid, Therefore it seemed that it was due to the 
reduction of some product formed by the reaction of copper salts with the phosphate buffer. 
Curve 4, Vig. 8, recording the last section of a reduction curve with a total reduction time of 
he 315 min,, shows this arrest clearly. Curve 5 is the reduction curve of a thin cuprous 
sulphide film. Comparison of curves 4 and 5 suggests that the arrest on curve 4 at —0-8 v is 
not due to cuprous sulphide, Further, after the reduction which gave curve 5, hydrogen 
sulphide could be smelt in the electrometric cell, whereas after curve 4 was obtained no hydrogen 
sulphide could be detected. Thus it seemed that if any sulphide was formed in the film, the 
quantities were too small to be detected. 

lilm Composition as a Function of Film Thickness,—In Figs. 9, 10, and 11, the equivalent 
reduction time (7,, min.) of the sulphate in the film is plotted against the equivalent reduction 
time (7, min.) of the whole film, It is seen that the amount of sulphate is a linear function of 


*’ Price and Thomas, Trans. Electrochem. Soc., 1939, 76, 329. 
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the film thickness at each temperature studied. The curves do not pass through the origin 
because in the initial stages of the oxidation only cuprous oxide is formed. At each temperature 
the amount of sulphate formed is independent of the concentration of the sulphur dioxide. 


-- — — — a — 


lic. 9 T,, equivalent to the reduction 
of CuSO, plotted against T, for the 
total film, 
@, O, + 02% SO, at 88°. YB" 
O, Oy + 2% SO, at 88°. 
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Fic. 10. T, equivalent to the ve- 
duction of Cu,SO, plotted against 
Ty for the total film formed at 
120° 

©, O, + 02% SO,, 20 cm. Hg 
pressure 

@, O, + 1% SO,g, 20 cm. Hg 
pressure. 

dD, O, + 2% SO,, 20 cm, Hg 
pressure, 

@, 0, + 02% SO,, 50 em. Hg 
pressure. 


fic, 11. T, equivalent to the reduction of 
Cu,SO, plotted against T, for the total film 
formed at 172° 
@ and G, 0, + O-1% SO,. 
©, O, + 02% SO,. 
©, O, + 1% SO,. 


At 172°, where the oxidation up to T, 200 min. took place in 5 min., the results are rather 
scattered, making interpretation of the kinetics difficult 

The controlled formation of cuprous sulphate, after the film had grown to a certain thick 
ness, dependent on the temperature, suggested that the sulphate was the result of a secondary 
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reaction which did not take part in the accelerating effect of sulphur dioxide on the oxidation of 
copper. This was confirmed by experiments in which duplicate specimens were oxidized in air ; 
one specimen was kept for film analysis whilst the second was oxidized in oxygen containing 
sulphur dioxide. The specimen carrying a cuprous oxide film on the surface did not undergo 
the usual acceleration in the atmosphere containing suiphur dioxide, although cuprous sulphate 
was duly formed. The analyses of two sets of experiments are shown in Tables 4 and 5. 


TABLE 4. 


Analysis of film on first specimen, formed in air at 120° in 75 min 
Arrest at —O-l v (CuO); 7, = 3 min. 
Reduction time of total film: 7, « 29 min 

Analysis of film on second specimen after further heating at 120° for 1030 min. in 20 em. of O, + 

5O, 
Arrest at —O-Bv: T, 3 min. 
Arrest at —0O-1 v (Cu,SO,): 7, = 90 min 
Reduction time of total film: T, 236 min 
(T, for Cu,SO,)/AT, = 0°43 


TABLE 5 


Analysis of film on first specimen, formed in air at 120° in 105 min 
Arrest at —O-l v (CuO): T, 2-5 min 
Arrest at -0-6 v (CuO); T, 1-5 min 
Keduction time of total film: 7, 51 min, 
Analysis of film on second specimen after further heating at 120° for 180 min. in 20 cm. of O, + 1% SO, 
Arrest at —0-1l v (Cu,50,); 7, = 17 min 
Keduction time of total film: 7, 86 min 


(7, for Cu,50,)/AT, = 0:49 


rhe values of 0-43 and 0-49 for T,/A7, are in reasonable agreement with the value of 0-41 
for the slope of the curve at 120° in Fig. 10, A possible cause of the higher value with the 
comparatively thin sulphate film in Table 5 is the reaction of sulphur dioxide with cupric oxide 
in the film. Cupric oxide wag detected at —0-6 v on the first specimen, whereas on the second 
there was no arrest between —0-4v and the potential of the evolution of hydrogen. It is 
possible that the sulphur dioxide reacted with the cupric oxide to form cupric sulphate, This 
reaction would introduce a small error in the calculations based on the assumption that 7, gave 
a measure of the amount of cuprous ions formed in the film. 

iLlectro-polished specimens were oxidized in O, 4+- SO, atmospheres and examined under 
the microscope, ‘The films showed the same characteristics as those formed in pure oxygen, 
i.¢., brown-tinted grains appeared smooth, and grains with more advanced tints exhibited a fine 
structure. No information was obtained regarding the nature of the sulphate deposit in the 
film. Although, in the next section, the growth laws have been interpreted in the same way as 
those obtained in pure oxygen, it is possible that, when more information is available regarding 
the structure and electrical properties of the sulphate in the film, it will be found that its form- 
ation insulates part of the surface and contributes to the decrease in the effective area under- 
going oxidation 

Growth Laws.——The effect of 0-2, 1, and 2% of sulphur dioxide on the rate of oxidation at 
120° is shown in Fig. 12, The film growth was plotted against the logarithm of the oxidation 
time and it is seen that a linear relation was obtained in the later stages of the oxidation. With 
0.2%, of sulphur dioxide the oxidation was initially slow, as it was in pure oxygen; however, the 
transition to the second stage occurred at a shorter oxidation time, suggesting that the 
recrystallization of the pseudomorphic film occurred earlier in the presence of sulphur dioxide. 
With | and 2% of sulphur dioxide the initial oxidation, once started, was rapid and then 
decreased to give a logarithmic relation. The broken curve shown is that obtained in runs in 
pure oxygen 

At 88°, with 2% of sulphur dioxide, there was an induction period of 5 min. in which no 
detectable oxidation occurred, then oxidation proceeded rapidly, without the appearance of 
the initial slow step. With 0-2% of sulphur dioxide a mixed set of results was obtained, as can 
be seen from the plot in Fig. 13, In some experiments there was no acceleration of the oxid- 
ation, the results following the curve obtained in pure oxygen. Four results, fitted to curve 2 
in Fig. 13, indicated accelerated oxidation without the appearance of the initial slow step. 
Some results fell in intermediate positions, suggesting that, although the pseudomorphic film 
formed, it recrystallized earlier than it did in pure oxygen. 
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Fic. 13. Results of oxidation experiments at 88° 
plotted against log (oxidation time) 
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At 150°, with 0-2% of sulphur dioxide, the oxidation in the first 5 min. was very rapid, and a 
rather scattered set of results obtained at higher heating times fitted a logarithmic relation. 
rhe plot is shown in Fig, 14 

The plot of film thickness against oxidation time for the results obtained at 172° with 0-2% 
of sulphur dioxide is shown in Fig. 15. The results obtained for film-growth above 
7, = 200 min., plotted in Fig. 14, fitted a logarithmic relation and the results for film growth up 
to Ty 200 min., plotted in Fig. 16, fitted the parabolic relation in the same way as was 
observed in pure oxygen. 

The parabolic region of oxidation at 172° was studied at two other concentrations of sulphur 
dioxide (0-04 and 01%), and the results are plotted in Figs. 16 and 17, With 0-1% of the 
dioxide difficulty was experienced in obtaining reproducible results. This was attributed to the 
difficulty in obtaining standard initial conditions of admitting the oxidizing atmosphere, for at 
172° the gas momentarily chilled the specimens—an important matter since the entire range of 
heating times was only 56 min. Two series of experiments were carried out. In Series I, shown 
as open circles in Fig. 17, the gas was admitted very quickly until the pressure was 15cm. Hg., 
and then as quickly as possible until it reached 20cm. In Series IJ, shown as filled-in circles, 
the gas was admitted slowly, 30 sec. being required to reach 20cm. Ina 5-min, oxidation, the 
first procedure was found to give a low result. Two linear curves were obtained from the two 
sets of results. The similar slopes of the curves indicate that the rate constant in each case was 
the same. The displacement of the second curve was due to the different initial conditions. 

The effect of the concentration of sulphur dioxide on the parabolic rate constant at 172° is 
shown in Table 6, The last value was the result from a single oxidation experiment with an 
oxidation time of 24 min.; the curve was assumed to pass through the origin. It is seen that 
the rate constant increased with the sulphur dioxide concentration; however, the increase was 
not a linear function of the concentration, as might be expected from Vernon's work,™ but the 
effect decreased with increasing sulphur dioxide concentrations 


TABLE 6. 


Oxidizing atmosphere Rate constant 
(20 cm. press.) (AT,* * 1074/5 min.) 
Pure O, 9-6 
+ 004% SO, 24°8 
+ 01% SO, 32-4 
+ 0:2%, SO, 42-0 
+ 1% SO, 68-4 

Discussion.—-Sulphur dioxide has two effects on the oxidation. The first is dependent 
on the sulphur dioxide concentration and increases the reaction rate. The second is 
independent of the concentration and affects the composition of the film. 

(i) Effect of sulphur dioxide on the rate of oxidation. Sulphur dioxide causes accelerated 
oxidation only when the O, + SO, mixture reaches a bare copper surface. Thus the 
reaction only occurs only in the early stages of oxidation, before the oxide film has grown 
and limited the rate of supply of cuprous ions to the sulphur dioxide adsorbed on the 
surface. The reaction taking place was undoubtedly 


Gu-+-50,—=2Cu0O+CuS . . . . « « « Gh) 


rhe free-energy change of reaction (1) at 120° is of the order of 16 keal., which is much less 
than the free energy of formation of cuprous sulphate (approx. 78 kcal.). Reaction (1) has 
been shown ® to proceed at 1027’, and the analogous reaction has been shown ® to proceed 
on iron at 300°, It is reasonable to assume that defects introduced into the oxide lattice 
by reaction (1) are responsible for the accelerated oxidation, since, even at room temper- 
ature, sulphide is known greatly to accelerate the oxidation of copper. 

The importance of introducing the sulphide into the first layers of oxide was shown by 
Vernon ** and Constable ; 8° the latter observed that preliminary exposure of copper to air 
slowed down the subsequent rate of oxidation when exposed to a 1:1 mixture of dry 
oxygen and hydrogen sulphide at room temperature 

rhe increase in the rate constant at 172°, when the parabolic law is obeyed, shows that 

** Vernon, Trans. Faraday Soc., 1927, 23, 113 


* Tolly, |. Soc. Chem. Ind., 1948, 67. 369 
* Constable, Proc. Roy. Soc., 1929, A, 125, 630 
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the amount of sulphide introduced into the film increased with the sulphur dioxide con- 
centration. At 120°, in the later stages of the oxidation, there is obedience to the 
logarithmic law. The results, plotted in Fig. 12, show that with increasing sulphur dioxide 
concentrations the curves are displaced so that corresponding film thicknesses are reached 
in shorter times. With 0-2% of sulphur dioxide an initial slow step indicates that the 
pseudomorphic film was formed, With 1 and 2% of sulphur dioxide the initial oxidation 
was rapid, and the rate decreased with time to give the logarithmic relation. This 
behaviour is consistent with the theory already advanced, which attributes the logarithmic 
relation to a deviation from the parabolic law caused by cavities producing a decrease in 
the area undergoing oxidation. 

At 88°, at a concentration of 0-2% of sulphur dioxide, the conditions seemed to be a 
critical region between the observed accelerated film growth due to sulphur dioxide at 
higher temperatures, and the conditions at room temperature where Vernon ** found that 
10°, of the dioxide did not affect the rate of oxidation of copper in dry air. Thus at 88°, 
with 0-2°%, of sulphur dioxide, if the reaction with oxygen forms a protective oxide film 
before appreciable reaction of sulphur dioxide with the copper surface has occurred, the 
pseudomorphic film will grow until it recrystallizes in the normal way observed in pure 
oxygen. In some experiments it would seem that the pseudomorphic film was not formed 
with sufficient speed to prevent the formation of sulphide, so that there was almost 
immediate accelerated oxidation. Some intermediate points in Fig. 13 indicate that, 
although the pseudomorphic film was formed, sufficient defects were introduced to cause 
an earlier breakdown of the film. 

With 2°, of sulphur dioxide at 88°, the adsorption of sulphur dioxide must have been 
sufficient to allow reaction to occur with the copper to produce an immediate accelerated 
rate of oxidation. 

(ii) Mechanism of sulphate formation. The second effect did not influence the rate of 
oxidation ; it was only observed when the reaction occurred on a copper surface carrying 
cuprous oxide, and it resulted in the formation of a controlled amount of cuprous sulphate 
in the oxidation product. 

The results can be interpreted in terms of the mechanism proposed by Garner, Grey, 
and Stone ™ for the adsorption of oxygen on cuprous oxide. They found that when this 
cuprous oxide was then treated with carbon monoxide, 50%, of the adsorbed oxygen reacted 
to give carbon dioxide. They suggested that the two oxygen atoms of an adsorbed 
molecule were not exactly equivalent. One oxygen atom, O,, occupied a favourable 
adsorption site in the cuprous oxide lattice, and the other, Oy, was left in a reactive, and 
possibly mobile, state. This view was further supported by the work of Stone and Tiley,™ 
who found that with O, + CO, mixtures, equal volumes of the gases were adsorbed on 
cuprous oxide; apparently one oxygen atom was adsorbed at a favourable site in the 
cuprous oxide lattice, and the other reacted with the carbon dioxide to form a carbonate 
ion. Carbon dioxide alone was not adsorbed on a bare cuprous oxide surface. Garner, 
Grey, and Stone considered that the mobile oxygen atom was trapped as O~ by the process 
Cut -+- Oy == Cu®* + Or, creating a positive hole in the cuprous oxide, 

If the growth of sulphate occurs through the reaction of the sulphur dioxide with this 
mobile oxygen, one would expect the following equations for the reaction : 


O, + 3e = Om (in Cu,O lattice) + O 0, Tm ergy 


BO” By = SO no. ti tee tee Sean 


From equations (2) and (3) a slope of 0°33 would result for the plot of 7, (CugSO,) against 


ly. The experimental results are listed in Table 7 
TABLE 7 

Oxidation temp , 120° 150° 

Slope of 7, (Cu,SO,) -T, curve : 0-41 O31 


** Vernon, Trans, Faraday Soc., 1931, 27, 255, 582 
** Garner, Grey, and Stone, Discuss. Faraday Soc., 1950, 8, 246 
#3 Stone and Tiley, thid., p. 254 
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When the growing film was thin, sulphate was not formed, This was due to the mobile 
oxygen’s being incorporated in the cuprous oxide lattice when the rate of supply of cuprous 
ions was high. The importance of film thickness on the course of the surface reaction was 
shown by van Cleave and Rideal,™ who studied the catalytic reaction of hydrogen and 
oxygen on copper wires at 170-——250°. With thin films the gases were consumed in the 
ratio 1: 1, and with thick films on the copper in the ratio 2: 1. 


This investigation was carried out in the Corrosion Laboratory, Department of Metallurgy, 
University of Cambridge. The authors thank the Chief Scientist, Department of Supply, 
Australia, for permission to publish this paper. 
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429. The Constitution of the Neutral, Tetracyclic Triterpenes of 
Dammar Resin. 
By J. S. Mints. 


The main constitutional features of the neutral, tetracyclic triterpenes of 
dammar resin have been elucidated. Dammarenediols | and II contain a 
36-hydroxyl group, a tertiary hydroxyl group, and a single double bond 
present in an isopropylidene group. Dehydration of their 3-acetates yielded 
dammaradienyl] acetate, which contains a vinylidene group, together with 
an isomer, Acid-catalysed dehydration of the dihydro-derivative of 
dammarenediol Il monoacetate yielded the known compounds isotirucalleny] 
acetate (XI; R = Ac) and isoeuphenyl acetate (X; R = Ac). This 
established the main carbon skeletcn and confirmed the location of the 
tertiary hydroxyl group at C,,,. The I and II isomers have been shown to 
differ only in their configuration at C,,,. by converting them both into the 
same 20-oxo-compounds, On the basis of these experiments dammarene- 
diol I and II are formulated as (1; R « OH) and dammaradienol as (III; 
R = OH). 


Tue isolation of a number of neutral, tetracyclic triterpenes from dammar resin was 
described recently.!. These comprise the diethenoid alcohol dammaradienol and its 
related ketone dammaradienone, together with the two monoethenoid diols, dammarenediol 
1 and II and their related ketols hydroxydammarenone I and II. Experiments reported 
earlier and in the present paper allow formula (I; R = OH) to be advanced for both diols, 
(11) for both ketols, (III; R =< OH) for dammaradienol, and (IV) for dammaradienone. 
A preliminary account to this effect has already appeared.2, Two groups of workers *4 
have pointed out the probable identity of hydroxydammarenone II with dipterocarpol,® 
and have also isolated this compound from the balsams and heartwoods of several 
Dipterocarpus species. 

rhe earlier experiments revealed the simple relation between the two diols and the two 
ketols, and their tetracyclie nature. Oxidation of the hydroxydammarenones with 
chromic acid yielded trisnor-y-lactones of probable partial formula (VI) together with 
acetone. The reactive double bond was thus present in an isopropylidene group, and the 
hydroxyl group common to both the ketols and diols was probably tertiary and located 
at Cop a8 in (VIL). The saturated nature of these lactones indicated a striking difference 
from the typical tetracyclic triterpenes euphol, tirucallol, and lanosterol * (all V; R = OH) 
in the absence of a nuclear double bond. This observation has now been confirmed by the 

* Mills and Werner, /., 1955, 3132. 

* Mills, Chem. and Ind., 1956, 189. 

* Cosserat, Ourisson, and Takahashi, ibid., p. 190 

* Godson, King, and King, tbid., p. 190 

® van Itallie, Arch. Pharm., 1912, 250, 204 

* For reviews see Halsall and Jones, Fortschr. Chem. org. Naturstoffe, 1965, 12, 44; Gascoigne and 
Simes, Ouart. Rev, 1955, 9, 328 
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preparation of a number of dihydro-derivatives, all saturated to tetranitromethane. It 
was also demonstrated earlier that no cyclopropane ring, such as occurs in cycloartenol,’ was 
present. 

Dammaradienol was known to be tetracyclic and to have one of its two double bonds 
present in a vinylidene group. It was thus possibly the dehydration product of one or both 
dammarenediols in view of the probable location of the tertiary hydroxy! group in the 
latter at a position a toa methyl group. In fact, dehydration of both diol monoacetates 
with phosphorus oxychloride in pyridine yielded identical mixtures. of double-bond 
isomers, in which the presence of dammaradieny] acetate was demonstrated. Thus partial 
formule (VII) and (VIII) for the diols and dammaradienol respectively mutually support 
one another. The remaining part of the mixture was probably the isomer (IX) (see below). 

These compounds were directly correlated with other tetracyclic triterpenes by acid- 
catalysed dehydration of dammaranediol II monoacetate under the conditions used by 
Christen et al. for isomerisation of eupheny! acetate.* This yielded isotirucallenyl 
acetate * 9 (XI; R = Ac) and isoeuphenyl acetate ***"* (X; R == Ae) in about equal 
amounts. These two compounds differ only in their configuration at Cg and consequently 
the formation of both of them here must proceed via the carbonium ion (XII): the tertiary 
hydroxyl group must therefore be at Co». Further the isomerisation of the primary 
dehydration product to the isomers (X and XI; RK = Ac) must be a simple rearrangement 
and cannot involve migration of methy! groups as in the formation of these compounds 
from tirucallenyl and euphenyl acetate. It follows that dammarenediol II must be 
represented by (I; R = OH) and that dammaradienol is (II1]; R = OH), 

Dehydration of dammaranediol II monoacetate with phosphorus oxychloride in pyridine 
gave a mixture of double-bond isomers analogous to that given by dammarenediol II 
monoacetate. Ozonolysis of this mixture yielded, as volatile products, formaldehyde and 
tsohexanal but no 6-methylheptan-2-one, indicating the presence in the mixture of the 
isomers (XIII) and (XIV) but the absence of (XV). The non-volatile products were 
38-acetoxynordammaran-20-one (XVI) and 3-acetoxyhexakisnordammaran-20-one 
(XVII) which each showed the expected infrared band at 1706 cm.~' (side-chain ketone). 
Several reduction products of these compounds have been prepared by standard procedures. 

Direct oxidation of dammaranediol II monoacetate with chromium trioxide in acetic 
acid gave, in rather poor yield, the same two compounds (XVI) and (XVII) as were 
obtained by ozonolysis of its dehydration products. Oxidation of dammaranediol I mono 
acetate gave the same result. In these compounds the asymmetry at Cop) is destroyed 
while the original configuration in the rest of the molecule is preserved, and it follows that 
the I and II isomers differ only in their configuration at Cy»). This conclusion follows also 
from the formation of identical mixtures on dehydration of the two diol monoacetates. 
In contrast to the oxidation of the anediol monoacetates, oxidation of the enediol mono 
acetates gave the expected jactones (VI). 

Hydrogenation of dammaradieny] acetate yielded a mixture of saturated stereoisomeric 
acetates, resolved with some difficulty into dammarany! A acetate and dammaranyl B 
acetate, which presumably differ in their configuration at Cy. The melting points 
of the two acetates were close and were not depressed on admixture. A depression of 
melting point was however observed on admixture of the two corresponding alcohols. 

The stereochemistry of these compounds may now be considered. The configurations 
at positions 5, 10, 8, 9, and 14 must be the same as in ¢soeuphenol and isotirucallenol, and 
correspond to a trans-anti-trans-fusion of rings A, 8, and c. There remains to be defined 
the configuration of the 13-hydrogen atom, the 17-side chain, and position 20, Ruzicka 
and his colleagues }° have shown how the formule of typical members of all the main groups 


’ Barton, J., 1951, 1444, 

* Christen, Dinnenberger, Roth, Heusser, and Jeger, Helv. Chim, Asta, 1952, 35, 1756 
Arigoni, Jeger, and Ruzicka, ibid., 1955, 28, 222 
Barbour, Lourens, Warren, and Watling, /., 1955, 2194 
Vilkas, Bull. Soc. chim. France, 1950, 582, and earlier papers 
Dawson, Halsall, and Swayne, J., 1953, 500. 
Barton, McGhie, Pradhan, and Knight, Chem. and Ind., 1954, 1325; J., 19665, 876 
Arigoni, Viterbo, Diinnenberger, Jeger, and Ruzicka, Helv. Chim. Acta, 1954, 37, 2306 
Arigoni, Eschenmoser, Jeger, and Ruzicka, ibid, 1955, 38, 1890 
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of tetra- and penta-cyclic triterpenes may be derived from that of squalene in their full 
constitutional and configurational detail. According to their mechanism of triterpene 


biogenesis a fully trans-anti-trans-anti-trans-fusion of rings A—D is in the dammarenediols 


OH 
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and accordingly the 13-hydrogen atom would be §-situated. This has not yet been 
confirmed chemically but will be assumed for convenience in the following discussion. 

It was suggested earlier * that the non-formation of a 17 : 20-double bond on dehydration 
of dammaranediol II monoacetate indicated an a(axial)-side chain. In this configuration 
the hydroxyl group might not be able to adopt a position favourable for elimination with 
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the 17-hydrogen atom owing to the interaction of the 14-methyl group with the methyl or 
methylene groups attached to Cg. An analogous explanation has been advanced by 
Fieser and Fieser }® for the non-formation of a 17: 20-double bond on dehydration of 
20-methylallopregnane-38 : 20-diol,4”7 and by Warren and his colleagues '® for the same 
result on elimination of phenylthiourea form the appropriate elemi acid derivative.’ ™ 
On the other hand, apart from hydrolysis of the acetate group, both 3-acetoxy- 
nordammaran-20-one and 38-acetoxyhexakisnordammaran-20-one are stable to drastic 
treatment with alkali, which indicates that the side chain is in the more stable 6(equatorial)- 
configuration, a conclusion supported by biogenetic considerations. Various possible 
molecular-rotation correlations do not lead to a decisive result and so will not be presented 
here. Again it would be unjustifiable to assign configurations at Cg in the I and II 
isomers and in dammaranol A and dammarano! B in view of the unexplained anomalies in 
the molecular-rotation data for euphol and tirucallol ; the signs of the molecular-rotation 
differences between derivatives of euphol and of tirucallol are opposite to those between 
derivatives in the tso-series (cf. ref. 10), though in both cases the only structural difference 
lies in the configuration at Cig). 


EXPERIMENTAL 

Rotations were determined in CHCl,, Alumina for chromatography was Peter Spence's 
neutral type ‘‘ H ’’, partially deactivated by exposure to the air, Light petroleum refers to the 
fraction of b. p. 60—80°. 

Benzoates.—Benzoylation with pyridine-benzoy! chloride at room temperature overnight, 
followed by chromatography and crystallisation from ethanol, yielded dammarenediol I mono- 
benzoate (1; R = Bz) as needles, m. p. 166—168°, [«},, +-54° (c 0-88) (Found; C, 80-3; H, 10-45. 
Cy,H 5.0, requires C, 80-95; H, 103%). Similarly dammarenediol II yielded its monobenzoate 
as needles (from ethanol), m. p, 166—158°, [a],, +59° (c 0-92) (Found: C, 80-7; H, 10-55%). 
Benzoylation of dammaradienol gave dammaradienyl benzoate (111; K = Bz) which however, 
even after chromatography, separated from ethanol as an amorphous solid, m. p, 127-—-130°, 
[a], + 70° (c 1-01) (Found: C, 83-0; H, 10-4. C,,H,,O, requires C, 83-7; H, 103%). 

Dehydration of Dammarenediol I and II Monoacetates.—Dammarenediol I] monoacetate 
(1-5 g.) in pyridine (20 ml.) was treated with phosphorus oxychloride (3 ml.) for 1 hr, at 20°, 
Dilution with water gave crystals which were adsorbed from light petroleum on alumina 
(15 x 18cm.). Elution with benzene-light petroleum (1: 9) gave a mixture of double-bond 
isomers, which after two crystallisations from ethanol had constant m. p. 146—150°, raised to 
m. p. 148-—152° on admixture with dammaradieny] acetate (m. p. 151-153"), [a), +-48° (¢ 1-76) 
(Found: C, 81-75; H, 11-26. Cale, for Cy,H,,O,: C, 820; H, 112%), Dammarenediol I 
monoacetate gave a similar mixture of isomers, m. p. and mixed m. p. 146—150°, [a], + 48° 
(c 0-89). The infrared spectra of these mixtures showed bands at 3070, 1640, and 895 cm,"}. 
The m. p.s fell to ca, 115-—145° in a few weeks. The mixed acetates (300 mg.) in glacial acetic 
acid (15 ml.) and benzene (2 ml.) were treated with chromium trioxide (250 mg.) and set aside 
for 4 hr. at 20°. The products, isolated with ether, were adsorbed from light petroleum on 
alumina, Elution with benzene—light petroleum (1; 9) and crystallisation from ethanol gave 
dammaradieny] acetate (30 mg.), m. p. and mixed m. p. 150--152°, [a),, 462° (c 0-6) (Found: C, 
81-5; H, 11-2%). 

Hydrogenation Products.—Uydrogenation of dammarenediol I and IJ, and their mono- 
acetates, and of hydroxydammarenone | and II in ethanol-ethy! acetate in the presence of 
Adams catalyst yielded the following products, none of which gave a colour with tetranitro 
methane : Dammaranediol I, m. p. 166—-158°, [a], +-30° (c 0-99) (Found: C, 80-2; H, 12-2 
CygH,,O, requires C, 80-65; H, 12-2%). Dammaranediol II, m. p. 133-—-135°, {a}, + 35° 
(c 0-93) (Found: C, 81-0; H, 12-2%). Dammaranediol I monoacetate, m. p, 145-147", (a), 

40° (c 0-77) (Found: C, 789; H, 11-65. C,,H,,O, requires C, 78-56; H, 11-95%) 
Dammaranediol II monoacetate, m. p. 106—108°, {x),, 4+41° (c¢ 0-82) (Found: C, 78-0; H, 
11-55%). Hydroxydammaranone I, m. p. 154—156", [«),, + 63° (c 0-42) (Found: C, 80-75; H, 
12-0. CyyHs,O, requires C, 81-0; H, 118%). Hydroxydammavranone I], m. p. 95—105° (with 
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evolution of solvent), {a}, + 66° (c 0-59) (Found: C, 79-3; H, 11-85. C,,Hs,0,,4CH,OH 
requires C, 70-45; H, 11-85%). 

Acid-catalysed Dehydration of Dammaranediol II Monoacetate.—-A solytion of the acetate 
(2-2 g.) in glacial acetic acid (60 ml.) containing sulphuric acid (2N; 2 ml.) was refluxed for 
2 hr. The product was isolated with ether, adsorbed from light petroleum on alumina 
(26 x 38% om.,), and eluted with the same solvent (30 x 100 ml). Fractions 8—11 yielded 
isotirucallenyl acetate (XI; R = Ac) (from methanol) (480 mg.), m. p. and mixed m. p. 95— 
96-5", [x], 0° (¢ 0-76) (Found: C, 81-3; H, 11-6. Cale. for C,,H,,O,: C, 81-65; H, 11-55%). 
Fractions 12-15 yielded mixtures of wide m. p. Fractions 16-30 yielded isoeuphenyl acetate 
(X; R = Ac) (from methanol) (515 mg.), m. p. and mixed m. p. 111--113°, [a], +8° (c¢ 0-94) 
(Found: C, 81-3; H, 11-65%). Hydrolysis of isotirucallenyl acetate with 10% ethanolic 
potassium hydroxide for 48 hr. at 20° gave isotirucallenol as needles (from methanol), m. p. 146— 
148°, [a),, 4+7° (¢ 0-68) (Found: C, 83-65; H, 12-3, C,,H,,O requires C, 84-0; H, 12-25%). 
Similar hydrolysis of isoeupheny! acetate gave isoeuphenol, m, p. ca. 100°, [a],, +-19° (¢ 0-98). 

Mixed Dammarenyl Acetates and their Ozonolysis Products.—Dammaranediol II monoacetate 
(3-8 g.) in pyridine (40 ml.) was treated with phosphorus oxychloride (8 ml.) for 1 hr. at room 
temperature, Dilution with water gave a solid which was filtered through alumina in benzene— 
light petroleum (1:9) and crystallised once from ethanol, to give a mixture of isomeric 
dammarenyl acetates, m. p. 137-146”, {a}, + 39° (c 0-94). The mixed acetates (3 g.) in glacial 
acetic acid (200 ml.) were treated with ozonised oxygen until the solution gave no colour with 
tetranitromethane (4 hr.). The solution was poured into water and steam-distilled, and the 
distillate (260 ml.) passed into a solution of dimedone in aqueous methanol which was 
then concentrated, Crystals (70 mg.) separated, identified after recrystallisation as the 
formaldehyde-dimedone compound by m. p. and mixed m. p. (189°). The distillate was treated 
with a solution of 2: 4-dinitrophenylhydrazine in dilute hydrochloric acid and the derivative 
which separated was chromatographed in benzene on alumina (20 x 3-8 cm.), Development 
and elution with benzene gave only one band which yielded crystals (430 mg.), m. p. 97° (from 
aqueous methanol), of isohexanal 2 : 4-dinitrophenylhydrazone, raised to m. p. 99-——100° on 
recrystallising from light petroleum (Brunner and Farmer” give m. p. 99°) (Found: C, 51-5; 
H, 5-95; N, 20-8. Calc. for C,,H,,O,N,: C, 51-4; H, 5-75; N, 200%). The residue from the 
steam-distillation (2-6 g.) showed on a paper chromatogram (cf. ref. 1) two spots, of R, 0-29 and 
0-68, and a mauve Noller and a negative Halphen—Hicks colour reaction. It was adsorbed on 
alumina (35 * 3-8 cm.) from benzene-light petroleum (1: 3) and eluted with the same solvent 
(1-3 1.) followed by benzene—light petroleum (1:1; 2-51.) and benzene (800 ml.) in 46 x 100 ml. 
fractions, Fractions 16—20 yielded 38-acetorynordammaran-20-one (X V1) (600 mg.), as needles, 
m. p. 164--165° (from methanol), [a], +-66° (¢ 0-68) (Found: C, 78-45; H, 11-15. C,,H,,0, 
requires C, 78-7; H, 111%), Ry 0-29. Fractions 21-26 gave mixtures (800 mg.). Fractions 
27-45 yielded 36-acetowyhexakisnordammaran-20-one (XVII) (750 mg.) as needles, m. p, 204- 
205° (from methanol), [a],, +67° (c 1-12) (Found: C, 77-45; H, 10-65. C,gH,O, requires C, 
77-65; H, 10-55%), Ry 0-68. Hydrolysis of 36-acetoxynordammaran-20-one with 10% 
ethanolic potassium hydroxide for 2 hr. on the steam-bath gave a product which did not 
crystallise well. On reacetylation however this material gave back the original acetate, 
identified by m. p. and mixed m. p. Similar hydrolysis of 36-acetoxyhexakisnordammaran-20- 
one for 2 or for 20 hr. yielded, after chromatography and crystallisation from aqueous methanol, 
36-hydroxyhexakisnordammaran-20-one, m. p. 194—195°, [a], 4+55° (¢ 1-02) (Found: C, 79-55; 
H, 11-25. Cy,H,.O, requires C, 79-9; H, 11-2%). Reacetylation of this compound gave back 
the orginal acetate (m. p. and mixed m. p.). 

Nordammarane-38 : 20-diol.—38-Acetoxynordammaran-20-one (150 mg.) in propan-2-ol (40 
ml.) was treated with sodium (3 g.) during 1} hr. on the steam-bath. The product was isolated 
with ether and adsorbed from benzene on alumina, Elution with ether-benzene (1: 4) and 
crystallisation from nitromethane gave nordammarane-3G : 20-diol as needles, m. p. 165-—-167°, 
{a}, +-44° (c 0-86) (Found ; C, 80-75; H, 12-15. C,y,H,,0, requires C, 80-5; H, 12-15%). The 
diacetate was a gum. 

Hexakisnordammarane-38 : 20-diol. -86-Acetoxyhexakisnordammaran-20-one was reduced 
with sodium, chromatographed, and crystallised as described in the preceding section, to give 
hexahkisnordammarane-36 : 20-diol as needles, m. p. 183° after extensive sintering, [«],, + 44° 
(c 0-86) (Found: C, 781; H, 11-7. Cy,HyO,,§CH,yOH requires C, 77-7; H, 11-75%). The 
diacetate, after chromatography and crystallisation from methanol, had m. p. 151°, then 
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resolidifying and remelting at 160°, [a], +47° (¢ 1-03) (Found: C, 75-5; H, 10:5. CysH,.O, 
requires C, 75°3; H, 10-2%). 

Nordammaranyl Acetate.--38-Acetoxynordammaran-20-one (200 mg.) in ethylene glycol 
(8 ml.) was heated with 85% hydrazine hydrate (0-5 ml.) under reflux for 1 hr. A solution of 
sodium (0-4 g.) in ethylene glycol (8 ml.) was then added, the water and excess of hydrazine were 
distilled off, and the residue was refluxed for 5 hr. The product was isolated with ether and 
treated with pyridine-acetic anhydride on the steam-bath. The solvents were removed in 
vacuo, and the residue was filtered in benzene—light petroleum (1: 9) through alumina and 
crystallised from methanol, to give nordammaranyl acetate as plates (70 mg.), m. p. 109—111°, 
[a],, +66° (c 0-97) (Found: C, 80-6; H, 11-85. C,,H,,O, requires C, 81-1; H, 11-09%). 

Hexakhisnordammaranyl Acetate,-38-Acetoxyhexakisnordammaran-20-one (100 mg.) was 
reduced by the modified Wolff-Kishner procedure, as in the preceding section, and the product 
acetylated and chromatographed, to give hexakisnordammaranyl acetate as needles, m. p. 
162-—163° (from ethanol), [a], + 66° (c 1-09) (Found: C, 80-25; H, 11-5. C,,H,,O, requires 
C, 80-35; H, 11-45%). 

Oxidation of Dammaranediol I Monoacetate.-The acetate (359 mg.) in glacial acetic acid 
(15 ml.) was treated with chromium trioxide (400 mg.) in a few drops of water, and the solution 
kept overnight at 40°. The products, isolated with ether, were adsorbed on alumina 
(17 x 1-8 cm.) and eluted with benzene-light petroleum (1:1) (13 x 100ml). Fractions 4 and 
5 yielded 36-acetoxynordammaran-20-one, m. p. and mixed m. p. 163--165° (from methanol) 
(45 mg.), [a], +62° (c 0-45). Fractions 8—10, crystallised three times from methanol, yielded 
38-acetoxyhexakisnordammaran-20-one (20 mg.), m. p. and mixed m, p. 202-204”. 

Oxidation of Dammaranediol II Monoacetate,--Dammaranediol I] monoacetate, oxidised and 
chromatographed as in the preceding section, also yielded 3$-acetoxynordammaran-20-one, 
m. p. and mixed m. p. 163—165°, and 36-acetoxyhexakisnordammaran-20-one, m. p, and mixed 
m. p. 203-—205°, [a], +-66° (c 0-64). 

Oxidation of Dammarendiol I Monoacetate.The acetate (200 mg.) in glacial acetic acid 
(20 ml.) and benzene (2 ml.) was treated with chromium trioxide (200 mg.) at room temperature 
overnight. Isolation with ether and crystallisation from ethanol-ethy] acetate gave 3f-acetoxy- 
20-hydroxytrisnordammaranoic 24-»20-lactone I (acetoxy-lactone I) as plates, m. p. 278---279°, 
[a] + 28° (c 1-08) (Found: C, 75-6; H, 10-2. Cy,H,,O, requires C, 75-9; H, 10-15%). 

Oxidation of Dammarenediol II Monoacetate.--Oxidation of dammarenediol IT monoacetate 
with chromium trioxide as in the preceding section yielded 3$-aceloxy-20-hydroxytrisnor 
dammaranotc 24->20-lactone II (acetoxy-lactone I1) as prisms, m., p. 249--250°, (a), + 49° (¢ 1-52) 
(Found: C, 76-05; H, 10-25%). 

Hydrogenation of Dammaradienyl A cetate.—The acetate (1-15 g.) in ethanol-ethy] acetate (1: 1; 
50 ml.) was hydrogenated over Adams catalyst (50 mg.) for 1 hr, Filtration and removal of 
the solvent in vacuo gave crystals, m. p. 132—-137°, which were adsorbed from light petroleum on 
alumina (35 x 3-8 cm.) and eluted with the same solvent (36 x 100 ml.). Fractions 13-16 
yielded material (300 mg.), m. p. 139--141° (from ethanol), which was rechromatographed on 
alumina, the earlier fractions yielding dammaranyl A acelate as plates, m. p, 141-142” (from 
ethanol), [a], +465° (¢ 0-89) (Found; C, 81-36; H, 12-1. Cy,H,,O, requires C, 81-25; H, 
11-95%). Fractions 20—-31 yielded materials (400 mg.) of m. p. ca, 132—-135° (from ethanol) 
which were rechromatographed on alumina, the later fractions yielding dammaranyl B acetate 
as plates, m. p. 134—135° (from ethanol), mixed m. p. with dammaranyl A acetate 136—140°, 
[a], +61° (c 0-76) (Found: C, 81-05; H, 12-05%). Hydrolysis of dammaranyl A acetate for 
48 hr. at 20° with 10% ethanolic potassium hydroxide, chromatographic purification of the 
product, and crystallisation from nitromethane gave dammaranol A as needles, m. p. 126—-127°, 
(a|y, + 36° (c 0-9) (Found: C, 84-0; H, 12-8. C,,H,,O requires C, 83-6; H, 12-65%). Similarly 
dammaranyl B acetate gave dammaranol B, m. p. 117-—-118° depressed to 112—-116° on 
admixture with dammaranol A, {a}, +651° (c 0-88) (Found: C, 83-35; H, 127%). These 
compounds gave no colour with tetranitromethane or in the Halphen--Hicks test (cf, ref. 1), 

Attempted Hydrogenolysis of Dammarenediol 1] Monoacetate.—The acetate (1 g.) in glacial 
acetic acid (50 ml.) was shaken with hydrogen in the presence of Adams catalyst (100 mg.). 
Approx. 1 mol. of gas was rapidly absorbed and no further absorption occurred after 20 hr. 
After chromatography and crystallisation the product was identified as dammaranediol II 
monoacetate by m. p. and mixed m. p. (106—108°). 
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430. The Structure of Isatin and Substituted Isatins. 
By D. G. O’SULLIVAN and P. W. SADLER. 


The vibrational spectra of isatin and a series of substituted isatins provide 
no support for the existence of a classical lactim structure in the solid state or 
in dilute solution in chloroform, Strong intermolecular hydrogen bonding is 
present in all but three of the compounds examined. Two of these exceptions 
possess intramolecular hydrogen bonds. Substituents in the benzene ring 
have only a minor effect on the CO and NH stretching frequencies, but a 
correlation was found between frequency and chemical reactivity of the 6- 
carbonyl group. The influence of substituents on the character of the 
ring frequencies is more pronounced, 


As the visible-light absorption of isatin resembles that of its N-methy! derivative rather 
than its O-methyl ether, Hartley and Dobbie ! considered that the lactam structure (1) was 
to be preferred to the lactim structure (II). Subsequent work,?:** however, indicated 
that data from this spectral region could not be interpreted unambiguously. The high 
dipole moment of isatin in dioxan favours the lactam formulation. Cox, Goodwin, and 
Wagstaff © showed, from an X-ray study of isatin crystals, that the molecules are arranged 
in parallel layers with the N and the O atom of one molecule only 2-8 A distant from the 
© and the N atom respectively of the adjacent molecule in the same layer. This situation 
was strongly indicative of intermolecular hydrogen bonding, the presence of which is in 


'N 


(ih) (Hit) 


accord with the solubility characteristics of isatin in different solvents. For the relevant 
parts of two adjacent molecules, structures (III) and (V) should contribute to the resonance 
hybrid. Structure (V) not only strengthens the intermolecular bonding, but also increases 
the lactam character of the individual molecules. Further X-ray investigation by Gold- 
schmidt and Llewellyn 7 led these workers to revise the intermolecular N-O distance to 
2-93 A and to claim that the bonded molecules were not coplanar. The molecular mapping 
obtained was stated to be consistent with contributions of 62°, 10%, and 10%, from (III), 
(IV), and (V) respectively, a further 10%, arising from two structures in which the oxygen 
atom of the $-carbonyl group carries a negative charge. Total lactam contribution was 
assessed at 85%. In order to obtain further evidence on this topic, on the existence of 
the dimer in solution, and on the influence of substituents, infrared absorption data were 
determined for isatin and for a number of substituted isatins. 
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RESULTS and DISCUSSIONS 


Solid isatin, in a potassium bromide disc, showed maxima at the following wave numbers 
(cm.-!) : 3445 (m), 3215 (m), 2922 (w), 1730 (s), 1620 (s), 1547 (vw), 1469 (m), 1405 (w), 
1338 (m), 1295 (w), 1208 (w), 1150 (w), 1101 (m), 951 (w), 890 (w), 774 (w), 740 (w) and 
663 (w) (s,m, w, and vw indicate the relative intensities as strong, medium, weak, and very 
weak respectively). The band at 2922 cm.~! is clearly a CH stretching frequency and the 
peaks between 1210 and 950 cm.! are characteristic of a | : 2-disubstituted benzene ring.* 
The CH deformation frequency of high intensity,’ which normally appears at 750 cm.~! in 
| ; 2-disubstituted benzenes, is split in isatin into two weak maxima at 774 and 740 cm.! 
Indubitable assignments cannot be made for the bands at 1547, 1405, 1295, 890, 820, and 
663 cm.". Further data are summarised in Table 1. 

Table 1 shows that substitution introduces only minor modifications. N-Methyl-, 
7-trifluoromethyl- and 7-nitro-isatin excluded, the compounds possess a broad band be- 
tween 3500 and 3200 cm.-! which contains two maxima, a fairly sharp peak at about 
3450 cm.-!, and a broader maximum near 3220 cm.!. Indole, in chloroform, gives a sharp 
maximum at 3507 cm.-* (Fuson, Josien, Powell, and Utterback ! give values between 


TABLE 1, Frequencies (cm. *) for tsatin and substituted isatins in chloroform. 


Isatin ... 3450 w 3230 w 5 1740 * 1621s 1326 m 
3495 vw - 1741 16158 1465 w 1372 m 1332s 


3440 m 3240 m 2 1741 1608 8 1350 w 1307 w 
3445 m 3250 m 1745 16156 1355 w 1310 w 
3450 m 3250m 5s 1745 16158 1360 w 1310 m 
3460 m 3230 m 173) 1620 5 1608 5 1315 m 
3450 m 3220m ‘ 1750 1635 m 16135 1450 w - 1320 5 

3458 m 3230 m 755 1744 1630m 1480w 

3455 m 3250 m 1738 1627 m 1608m 1492 m 1365 w 1310 w 
3460 m 3250 m 1739 1631s 1480 w 1305 w 
3435 m 3250 m 7 1744 1612s 1345 w 1325 m 
3440 m $230 m 1765 sh 1744 1618s 1355 w 1323 m 
3450 m 3230 m 1755 sh 1743 1618s 1350 w 1322 m 
3450 m 3230m 1764 1743 16246 1322 m 
3455 m 3250 m 1756 1734 1622s 1350 w 1315 m 
3460 m 3240m 1755 sh 1738 1628s 1331 m 
3430 m 3230w 1761 1746 1612s 1315 m 
3438 m 3207 w 1763 1748 1620 8 1318s 

3440m 3205 w 1765 1745 1620 s 1318 m 
3453 s 3210 m 1765 1745 1640 5 1604 1455 vw 1366 vw 132058 

3460 m 3240 m 1755 sh 1739 1621 m 1608 m . 1320 m 
3465 m 3240 vw 1768 1750 1623 s 1348 m 13188 

3440 m 1772 1751 1631s 1600 m 1470 vw 1340 m 1320 5 


* All absorptions in these two columns are intense 


3491 and 3447 cm." for a range of solvents) and only very weak absorption with no definite 
maximum at 3340 cm."', the next peak appearing at 1617 cm.". The broad band is absent 
also in N-methylisation and is replaced by very weak absorption at 3495 cm.~! which may 
be an overtone frequency. There is no evidence that any of these compounds, even in very 
dilute solution, possess free OH stretching absorption to be expected at 3650-3550 cm.-! 
or that they possess resonance-stabilised hydrogen-bonded OH absorption to be expected 
at 3200-2500 cm.-'. It is considered improbable that the 3500—3200 cm.? band is 
produced entirely by weak OH-N bonding. These features, if considered in conjunction 
with previous work on indole derivatives," '* secondary amides,** and thioamides,' and 
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with the presence of two intense CO stretching frequencies in all the isatins, lead to the 
conclusion that the 3450 cm. absorption is an NH stretching frequency and that the 
3230 cm.* band exists because of the presence of hydrogen bonds. With increasing 
dilution, the 3230 cm.-! band diminishes in intensity more rapidly than the 3450 cm. 
band, a result to be expected if the former is produced by hydrogen bonding. Both bands 
appear in a well-defined form in solid isatin. This effect has frequently been reported for 
other solids containing the hydrogen-bonded NH group, but no satisfactory explanation 
has been advanced, It may be that, contrary to expectation, non-bonded NH groups 
exist in the solid, or perhaps both frequencies may be characteristic of certain completely 
bonded structures. The accumulated evidence from the spectra of a wide range of solid 
compounds strongly suggests that both bonds are related to the NH group, but the possi- 
bility that one of these frequencies has some completely different origin has not been entirely 
eliminated, Further investigation of this topic is clearly desirable. 

Comparison with the spectra of a-diketones '*'* and y-lactones '% 171% indicates 
that the maxima at 1770—1730 cm.” result from the stretching vibrations of two carbony] 
groups. The absorption of lower frequency which we attribute to the $-carbonyl group, is 
always very sharp and intense, whilst the a-carbonyl absorption is always slightly less 
intense and, although usually present as a well-defined maximum, is occasionally evident 
only as a shoulder. In general, the separation of the two carbonyl peaks is less distinct 
in compounds substituted in the 4- and the 6-position, presumably because the influence 
of form (VI) and similar structures tends to equalize the character of the two carbonyl 
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groups. These compounds are the least soluble in solvents of low polarity and from the 
character of the 3230 cm.-! band appear to possess very strong intermolecular links. 

Thus infrared data strongly support a lactam structure for isatin and substituted 
isatins. It is of interest to note that X-ray evidence * favours a ketonic structure for 
simple amides, contrary to earlier conclusions from ultraviolet spectra ;*! X-ray studies,™ # 
supported by infrared work,™ indicate that 2-pyridone possesses a cyclic lactam rather 
than a hydroxypyridine structure; electron-diffraction methods * indicate that dioxo- 
piperazine exists in the form (VII); and infrared investigations * indicate that certain 
pyrimidones also possess a ketonic formula. 

Of the compounds that possess no marked absorption at 3230 cm.~!, hydrogen bonding 
is not to be expected with N-methylisatin and presumably intramolecular hydrogen bonds 
will occur in the 7-trifluoromethyl- (VIII) and 7-nitro-compound (IX). The extremely 
weak, very broad band given by (VIII) at 3240 cm.~! possibly arises from the NH-F link, 
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whilst the strong hydrogen bond in 7-nitroisatin may lower the vibrational frequency into 
the 3000-2500 cm.~! region. 

It is possible that unsaturated C=C stretching vibrations of the benzene ring undergo 
resonance splitting in many of the compounds, producing a weak band at 1450 cm,“ in 
addition to the very intense band at 1620 cm.'. The 1450 cm,~! band falls in a region in 
which the chloroform solvent shows strong absorption and it must be noted that the 
corresponding band (1469 cm.) for isatin in a solid disc is much more intense. This band 
could alternatively be an NH deformation frequency or even amide CN absorption,?” but 
this is considered to be unlikely in view of the absence of an amide II band in other cyclic 
lactams.2* The 1620 cm. band is always of comparable intensity to the carbonyl fre- 
quencies and in a few cases it is divided into two high peaks with maxima respectively 
slightly above and slightly below 1620 cm.-!. Splitting of the aromatic frequency band 
does not occur when the substituent has strong ortho-para-directing properties and the 
three peaks are most pronounced when the substituent is meta-directing. The frequency 
of the 1620 cm.-! band for those compounds which are substituted in the 5-, 6-, or 7- 
position is close to that of isatin, but compounds possessing ortho-para-directing sub- 
stituents in the 4-position show a maximum at a slightly lower frequency in accordance 
with the usual behaviour of vicinally substituted benzene derivatives.™ 

The isatins, except 5-fluoroisatin, possess a band near 1320 cm.-', and a corresponding 
band appears just below 1300 cm."! with the latter compound. A second, less intense 
band occurs at 1350 cm.~' in those compounds possessing ortho-para-directing substituents 
in the 4- or 6-position or meta-directing substituents in the 7-position. By analogy with 
aromatic secondary amines ® and with indole, absorption in this region is attributed to 
stretching vibration of the bond between the benzene ring and the nitrogen atom, but the 
Ph-CO linkage could also be responsible for these maxima. 

Varying over 35 wave numbers, the NH stretching frequencies depend on the nature 
of the substituent rather than on its position in the benzene ring. Thus 4-, 5-, 6-, and 7- 
methylisatin all possess maxima at 3460 cm.-', and frequencies increase in the order 
| < Br < Cl < F < Me in all cases. The behaviour of 4-trifluoromethylisatin is not in 
accordance with this scheme. 

Absorption in the 1750 cm.~! region is outside the reported range of C=N frequencies *! 
and can be attributed to the carbonyl groups with little possibility of error. Further 
interpretation of the carbonyl frequencies is complicated by the existence of two possibili- 
ties. Either the «- and the $-carbonyl groups may give rise to one peak each or the two 
groups in the free state may absorb at the same frequency, the second maximum then 
arising from vibrations of those a-carbonyl groups that are involved in hydrogen bonding. 
The second alternative is supported by the following : (a) the CO absorptions of monomeric 
and dimeric aliphatic acids **.* differ by about 30 cm.~!, (6) a few simple amides show two 
carbonyl frequencies,™ (c) N-methylisatin gives a single peak at 1741 cm.“, and (d), in 
general, «-diketones possess a single CO absorption.'® *5.**%7 However, on the basis of 
the following evidence, the authors consider that the carbonyl groups possess different 
stretching frequencies: (i) under conditions in which both monomeric and dimeric forms 
should coexist, y-lactams show a single CO absorption,** (ii) cyclic compounds containing 
the CO-NH-CO group possess two distinct CO frequencies,™ (iii) 7-nitroisatin, although 
containing no hydrogen-bonded carbonyl group, possesses two CO maxima similar in form 


Ref, 8, P 176 
Lenormant, Compt. rend., 1961, 232, 2016 
Ref, 8, p. 60 
Colthup, J. Opt. Soc. Amer., 1960, 40, 397 
Kef. 8, p. 226, 
Herman and Hofstadter, ]. Chem. Phys., 1939, 7, 460 
Hartwell, Richards, and Thompson, /., 1948, 1436 
Richards and Thompson, /., 1947, 1259 
* Rasmussen, Tunnicliff, and Brattain, /. Amer. Chem. Soc., 1949, 71, 1068 
** Barnes and Pinkney, fid., 1953, 76, 479 
*? Leonard and Robinson, ibid., p. 2143. 
#5 Ref. 8, p. 183. 
* Ref. 8, p. 190 
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to those shown by the other compounds, and (iv) if one frequency results from a hydrogen- 
bonded CO group, this should be the lower frequency,™ but the latter can be correlated 
with the behaviour of the 6-carbonyl group. 

The approximately constant separation of the two carbonyl maxima suggests that sub- 
stituents have a similar effect on both groups, but the higher frequencies cannot be simply 
correlated with the properties of the $-carbonyl group. Flett,“” Davison,*! and Fuson, 
Josien, and Shelton @ have shown that relations exist between carbony] frequencies of 
substituted aromatic compounds and Hammett’s « constants for the substituents. 
Table 2 lists « values and $-carbonyl frequencies for isatins. Included in the Table for 
comparison purposes are CO frequencies for corresponding benzophenones and aceto- 
phenones @ and «-carbonyl frequencies of the isatins. 

The numbers in Table 2, excluding the last column, approximately obey the equation 
v — vg = 15a, where vg possesses the values 1663 (benzophenones), 1690 (acetophenones), 
and 1740 (isatins), These results further support the contention of Fuson et al. that o 
values are deducible from infrared measurements. 


TABLE 2. Hammiett's o values and carbonyl frequencies (cm.~*). 
Subst.* Isatins (B-CO) Benzophenones t Acetophenones { Isatins («-CO) 
oo 1651 1677 - 
1734 1658 1684 1756 
1738 1661 1755 
1739 -—- 1758 
1739 -—- 1755 
1740 1664 1755 
1743 ~~ 1764 
1738 1757 
1743 1755 
1744 1765 
1744 1765 
1744 1755 
0:337 1745 - 1765 
0-362 1746 . 176! 
0-373 1745 1765 
0-391 1748 1669 1763 
0-710 1751 ~ 1701 1772 
0-778 -- 1702 -- 


* Numbering for substituents refers to isatin; thus, for acetophenones and benzophenones, 6 refers 
to @ p-substituent and 5 and. 7 to m-substituents. Benzophenones are substituted in one ring only 
+ Data obtained in carbon tetrachloride.” 


lasLe 3. Carbonyl frequencies, rates of oximation, and dehydrogenase activity of isatins. 
v (cm,"?) ry ¢ (min.) ?’ (min.) 

1734 70-9 -— 

1738 787 

1739 98-1 

1740 100-0 

1738 106-3 

1745 

1750 

1751 


lo provide practical demonstrations of this relation, two reactions have been considered. 
In Table 3, 6-carbonyl frequencies of isatins are compared with values given by Giovannini 
and Portmann ™ for relative rates of oximation 7 at the 6-carbonyl group. The reactivity 
of this group, as assessed by this reaction, is monotonically related to the o function of the 
substituent and, except in the case of 5-methoxyisatin, is similarly related to the frequencies. 
A brief study has been made of the dehydrogenation of «-amino-acids by isatins. 


 Plett, Tvans. Faraday Soc., 1948, 44, 767. 

*' Davison, /., 1951, 2456. 

 Fuson, Josien, and Shelton, /. Amer. Chem. Soc., 1954, 76, 2532 

* Hammett, ‘ Physical Organic Chemistry,’’ McGraw-Hill, New York, 1940, p. 188 
** Giovannini and Portmann, Helv. Chim. Acta, 1948, $1, 1373 
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Schénberg, Moubasher, and Mostafa *® have postulated the annexed mechanism for this 
model-enzyme system : 


H N-CHR-CO)H 


~H,0 


S 


H,O+isatin 


M.b. = methylene-blue 


lable 3 lists times, ¢t, required for the decolorization of methylene-blue in the oxidation of 
alanine, as determined by Giovannini and Portmann.“ These, and similar results by 
other workers, were obtained with pyridine solutions at room temperature. In view of 
the biological importance of this reaction, it was decided that further measurements should 
be performed under more physiological conditions. Results ¢’ (Table 3), obtained with 
similar concentrations of reactants, but in aqueous solution at 40°, are clearly comparable 
with the reaction times ¢. Thus yv, o, r, and the dehydrogenase activity of substituted 
isatins increase in the same order. Both carbonyl groups are undoubtedly involved in the 
dehydrogenation and their individual effects cannot be separated. Hence the general 
parallelism between reaction rate and stretching frequency suggests that the initial con- 
densation is usually the rate-controlling stage. Amongst the compounds tested, only 
6-fluoroisatin (t/ = 111) behaved exceptionally. 


EXPERIMENTAL 


Infrared Absorption Spectra.—Spectra were determined by using a Perkin-Elmer 21 double- 
beam recording spectrometer fitted with a rock-salt prism, Results for the 4000-—-3000 cm."! 
region were determined, if possible, for 10*m-solutions; otherwise with saturated solutions, 
For results at lower frequencies, 10-*mM-solutions were subjected to three-fold dilution. 

Materials.—Substituted isatins were prepared from the corresponding substituted anilines, 
by the Sandmeyer synthesis.“ 4? The method used to separate the mixtures of isomeric isatins 
has been described.” Final purification was achieved by crystallization from ethanol or acetic 
acid. 5-Fluoroisatin, obtained as orange-red needles from acetic acid, had m. p. 223° (Found : 
C, 58-0; H, 26; N, 88. C,H,O,NF requires C, 58-2; H, 24; N, 85%). 7-Fluoroisatin 
crystallized as orange needles from ethanol and had m. p. 194° (Found; C, 584; H, 2-4; N, 
87%). Details of the synthetic studies are to be published later 
Dehydrogenase Activity of Substituted Isatins.—A 10°*m-aqueous solution of the isatin (4 ml.), 
M-pL-alanine (1 ml.), and 1% methylene-blue solution (1 ml.) were rapidly mixed, diluted to 
10 ml., and incubated at 40°. The incubation time necessary for the green-blue solution to 
become suddenly pale yellow was measured for each sample 


The authors thank Professor Sir Charles Dodds, M.V.O., F.R.S., for the provision of facilities, 
Dr. A. E. Kellie for the infrared data, and Mr. A. Madel for his assistance with the measurements. 
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431. The Auxochromic Effect of the cycloButane Ring. 
By J. J. Wren. 


The ultraviolet spectra of three types of unsaturated cyclobutane com- 
pound reveal auxochromic effects attributable to the cyclobutane ring. 


It has long been known ! that the ultraviolet spectra of unsaturated cyclopropane com- 
pounds of the general type (I), when compared, for example, with those of corresponding 
isopropyl compounds, show bathochromic and hyperchromic effects due to the 
“unsaturated” character of the cyclopropane ring. A number of authors confirm or 
utilise this knowledge.*44 No study, however, appears to have been made of such effects 


pre: Tagen” * OL 


(1) (it) (ih) (IV) 


in the spectra of cyclobutane compounds, Robertson et al. showed that there are 
progressive bathochromic and hyperchromic displacements of B bands in the series, cyclo- 
hexyl-, eyclopentyl- and eyclopropyl-benzene (see Table 1), and attributed them to ring 
strain in the cyclopentyl and cyclopropyl compounds, Although cyclobutylbenzene was not 
included in their study, it can be inferred from their discussion that its spectrum should fit 
into this series between cyclopenty!- and cyclopropyl-benzene. In contrast, Mariella and 


TaBLe 1. Auxochromic effect of ring strain in cycloalkylbenzenes * (solvent : 
cyclohexane), 

Compound Amar. (My) & Compound Amax. (Tp) 
isoPropylbenzene 197 ceycloPropylbenzene ...... 266-5 
cycloiiexylbenzene 202 Styrene 
cycloPentylbenzene 2 251 


Raube ® have shown that the position and intensity of the R bands for the lower cyclo- 
alkanones and cycloalkyl methyl! ketones cannot be related to ring size. They went so far 
as to predict that cyclobutylbenzene would not fall into the scheme of Table 1, but it seems 
unreasonable to make such a prediction solely on the basis of the very weak ketone KR bands. 

Below is presented a study of five examples of the auxochromic effect of the cyclobutane 
ring in compounds of types (II), (III), and (IV). 


fr Z @ Z cl Br 
O OC. GF Oe Bt 

Ci Br 
(V) (VI) (VII) (VIN) (1X) (X) (XI) 


(1) Roberts and Green * compared the ultraviolet spectra of various 2 : 4-dinitropheny|- 
hydrazones and demonstrated the effect of the cyclopropane ring on the spectrum of methy! 
cyclopropyl ketone dinitrophenylhydrazone. Our results for the cyclobutyl homologue 
are shown in Table 2. In order to standardise the Amex, and emax, values with those of 
Roberts and Green, the spectrum of diisopropyl ketone dinitrophenylhydrazone was also 


' Garr and Burt, /. Amer. Chem. Soc., 1918, 40, 1590 

* Klotz, ibid., 1944, 66, 88; Gillam and West, /., 1945, 95; Rogers, /. Amer. Chem. Soc., 1947, 
69, 2544; Mariella, Peterson, and Ferris, ibid., 1948, 70, 1494; Sandoval, Rosenkranz, and Djerassi, 
ibid., 1951, 78, 2383; Smith and Rogier, ibid., p. 3840; Mariella and Raube, ibid., 1952, 74, 521. 

* Roberts and Green, ibid., 1946, 68, 214 

* Robertson, Music, and Matsen, ibid., 1950, 72, 5260 

* Mariella and Raube, ibid., 1952, 74, 518. 
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examined. The values of Ama for the two spectra were measured graphically and may be 
considered accurate within +0°5 my. The values in Table 2 show that the cyclobutane ring 
has a definite, though small, bathochromic effect (at least 1 my); the e values are all 
similar, and do not appear to yield any useful conclusion. 

(2) The bathochromic effect of alkyl substitution in the 5- and the 6-position of eyelo- 
hexa-I : 3-diene is normally small, as shown by comparison (Table 3) of the values of Amex, 


TABLE 2. Absorption maxima of 2 : 4-dinitrophenylhydrazones in 95%, ethanol. 


Dinitrophenylhydrazone of M. p. Colour Awas, (My) € Source 
Acetone 125—126-5° Yellow 360 21,100 Ref. 3 
cycloPentanone - = 363 21,500 we 
Diisopropyl ketone hn 363 22,000 os 

Yellow-orange 363 23,100 * Present work 
c ycloButyl methyl ketone ... —129- Orange 364 22,300 ¢ Po 
Methyl cyclopropyl ketone ... Orange-red 367 23,500 Ref, 3 
Mesityl oxide 198-5—199-5 Red 379 23,000 - 


* Mean of two determinations, t Mean of three determinations. 


TABLE 3. Bathochromic effect of the cyclobutane ring in bicyclo[4 : 2 ; Ojocta-2 : 4-dienes, 


Compound Amey (mp) é Solvent Ref, Compound Ames (mp) € Solvent Ref. 
(V) 256 8000 Hexane? a 274 3340 «=6cycloHexane ¢ 
(VI) 260 4910 Ethanol b 270 5640 - 
(VII) 263 4600 Hexane? c¢ ‘ 270 3640 eh f 
(VIII) 258 wy Ethanol d 


a, Braude and Nachod, Sa of Organic Structures by Physical Methods,” Academic 
Press, New York, 1955, p. 155. Booker, Evans, and Gillam, J., 1940, 1453. ¢, Fisher, Goldblatt, 
Kniel, and Snyder, Ind. ‘ion Cc ce 1951, 43, 671. d, Conroy, / Amer. Chem. Soe , 1952, 74, 491, 3046 
¢, Cope, Haven, Ramp, and Trumbull, ibid , Pp. 4867. f, Cope and Burg, ibid., p, 168, 


published for this compound (V), for 5-methyleyclohexa-1 : 3-diene (VI), for a-pyronene 
(VII), and for picrotoxadiene (VIII). However, the values reported by Cope et al. for the 
compounds, (IX), (X), and (XI) show bathochromic effects of 10 mu or more, which must 
be attributed to the eyclobutane rings of these compounds. 

(3) The spectrum of eyclobutene-1 : 2-dicarboxylic acid (XII) in water is notable in 
having a well-defined maximum at 235 mu (e 10,600), whereas the longest-wavelength 
maximum for maleic acid is reported at 210 my (e 32,000). The bathochromic displace- 
ment of 25 my is 2-5 times what would be expected if the two methylene groups of the 
eyclobutene ring in (XIT) were spectroscopically equivalent to two alkyl groups. Similarly, 
the spectrum of the dimethyl ester of the acid (XII) in methanol shows a maximum at 
232 my (e 8700): this may be compared with the values, Amex, 104 my (¢ 22,000), and Amax 
198 mu (e 26,000), reported respectively for hexane solutions of the dimethyl! and di-(—)- 
menthyl esters of maleic acid. More recent measurements of the spectra of diethyl 


© 


(X11) (Xt) (XVI (XIX) 


maleate and diethyl citraconate in 95% ethanol ’? show that they have no maxima above 
210 my. This agrees with the earlier data, and shows that alky! substitution on the 
ethylenic carbon atoms gives no “ abnormal ”’ bathochromic shifts. 

Comparison of the spectra of the acid (XII) and a homologue, or of simple derivatives 
is suggested. cycloHexene-1 : 2-dicarboxylic anhydride (XIII) was prepared in low yield 


* Wassermann and Smakula, Z. phys. Chem., 1931, A, 156, 366. 
’ Stafford, Shay, and Francel, Analyt. Chem., 1964, 26, 666 
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by Baeyer’s method.* It is, however, much more stable to hydrolysis than maleic 
anhydride and can be recrystallised from water; the acid itself has been described,** but 
loses water very readily, and there would thus be ambiguity in the interpretation of its 
spectrum. On the other hand, esterification of the anhydride might cause migration of 
the double bond, so that the diester obtained might be of doubtful purity. Several 
attempts to prepare an anhydride from cyclobutene-1 : 2-dicarboxylic acid (XII) failed to 
give a crystalline product: this accorded with Perkin’s observations,!® and ruled out 
comparison of the spectra of the anhydrides, [The difference in ease of anhydride form- 
ation in the two cases is very striking, and may be attributed to ring strain which would 
exist in the anhydride of (XII).) There remained the possibility of comparing the spectra 
of the anions of the acids, in aqueous alkali, and the Figure shows these curves. Although 
curve C shows no maximum above 213 muy, the level of absorption is much higher than for 
curve B, and this can only be due to the effect of the cyclobutane ring. 


10 


@ 


i) 


Ultraviolet spectva of the ions of (A) maleic acid, (B) cyclohex- 
l-ene-1 ; 2-dicarboxylic acid (Aue, 225 mp; ¢€ 5300), and 
(C) cyclobut-l-ene-1 : 2-dicarboxylic acid (Aq 228 my; 
e 6700); solvent, 0-1N-aqueous sodium hydroxide 


Intensity coe) 
a 


Lod 


Wavelength (mp) 


(4) Several 1 ; 2-dimethylenecycloalkanes have recently been synthesised, and these are 
listed in Table 4, with their ultraviolet absorption data, and those for buta-1 ; 3-diene and 
2 : 3-dimethylbuta-1 : 3-diene for comparison. 


TaBLe 4. Ultraviolet absorption data for | : 2-dimethylenecycloalkanes and analogues. 


Compound € Solvent Ref 
20,900 Hexane h 
2 2 21,400 Hexane 
a m ~ 21,300 Methyleyclohexane 

1 ; 2-Dimethylenecyclohexane (XV) 23 10,050 Hexane or cyclohexane ? 
4-Methyl-1 : 2-dimethylenecyclohexane ae al 
4: 5-Dimethyl-1 : 2-dimethylenecyclohexane 
1: 2-Dimethylenecyclopentane (XVI) 
l 


2-Dimethylenecyclobutane (XVI) 4 10,230 
23 9,770 
6,460) 


* Inflection 

h, Smakula, Angew. Chem., 1934, 47, 657. i, Scheibe, Ber., 1926, 69, 1333. 7, Scheibe and Pum- 
merer, ibid., 1927, 60, 2163. k, Bailey and Golden, /. Amer. Chem. Soc., 1953, 75, 4780. 1, Bailey, 
Rosenberg, and Young, ibid., 1954, 76, 2251. m, Bailey and Sorenson, ibid., p. 5421. mn, Blomquist 
and Verdol, ibid., 1955, 77, 1806 


On the basis of Woodward's rules,” Agus, for 1 : 2-dimethylenecyclohexane (XV) might 
be expected at ca. 10 my nearer the red than Amar, for 2 : 3-dimethylbuta-1 : 3-diene (XIV) 
since both double bonds of the former are exocyclic. However, the observed value for 


* Baeyer, Annalen, 1890, 268, 145 

* Alder and Backendorf, Ber., 1938, 71, 2199; Alder and Schumacher, Annalen, 1949, 564, 96 
” Perkin, /., 18904, 950 

'! Woodward, ]. Amer. Chem. Soc., 1942, 64, 72 
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max, 18 at 16 my shorter wavelength than that calculated, and the value of e is roughly one 
half that for the butadiene (XIV). This difference clesely resembles that well known 
between cts- and trans-isomers. The latter is attributable to the greater length of the 
resonating system in the érans-configuration, and agrees with Mulliken’s theoretical 
deductions.’* In the 1; 2-dimethylenecycloalkanes, the diene systems cannot assume 
trans-configurations. The spectral data in Table 4 for 1 ; 2-dimethylenecyclohexane, its 
4-methyl and 4: 5-dimethyl derivatives, and 1; 2-dimethylenecyclopentane (XVI) are 


readily explained in this way. 


(XIV) (XV) (XVI) (XVII) 


(s-trans) 
(Dotted lines represent the overall lengths of the resonating systems.) 


Molecular models show that there is little or no ring strain in compounds (XV) and 
(XVI), but, of course, compound (XVII) is even more strained than cyclobutane itself. 
his strain must account for the bathochromic shift of ca. 27 mu which its spectrum shows 
compared with those of the other | : 2-dimethylenecyc/oalkanes listed in Table 4, 

(5) Earlier, in this laboratory, the spectrum of | : 2-bisdiphenylmethylenecyclobutane 
(XVIII) was studied..4 Its maximum at longest wavelength shows a bathochromic shift 
of 8 mu compared with that of 1: 1; 4: 4-tetraphenylbuta-1 : 3-diene (XIX), and this was 
then attributed to the spectroscopic equivalence of the contribution of the cyclobutane ring 
to that of two alkyl groups. However, the structural change involved is analogous to the 
change from buta-1;3-diene to 1: 2-dimethylenecyclobutane (XVII), which causes a 
bathochromic shift of approximately 30 my and a reduction Of tmasx, by half. (As explained 


above, this spectral change is mainly due to the characteristic effect of the cyclobutane ring 
system.) The relatively small bathochromic shift (8 my) associated with the change from 
(XIX) to (XVIII) is explained by increased steric interaction of the phenyl groups in the 
latter compound, resulting in a hypsochromic contribution, 

The effect of the strained cyclobutane system in all examples may be attributed to the 
increased delocalisation of the sf electrons. 


EXPERIMENTAL 


M. p.s are corrected, Ultraviolet spectra were measured on Unicam SP 500 spectro- 
photometers. 

Diisopropyl Ketone 2: 4-Dinitrophenylhydrazone.-This was obtained as yellow-orange 
rectangular plates, m. p. 92-5—93°, after two recrystallisations from 95%, ethanol, 

cycloButyl Methyl Ketone 2: 4-Dinitrophenylhydrazone.—-A specimen of m, p, 121-~121-5° 
(prepared by Dr. K. B. Alberman) was recrystallised once from light petroleum (b, p, 60-——70°) 
and twice from 95% ethanol; this gave orange plates, m. p. 120-—129-5° unchanged by further 
recrystallisation (Found; C, 51-6; H, 49; N, 20:3. C,H ON, requires C, 51-8; H, 51; N, 
20-1%). Earlier preparations of this compound were probably impure, since m, p.s 119-9 
121-3° (uncorr.*), and 123-9-—126-9° (corr.) were reported for it. Its infrared spectrum bore 
close resemblances to that of diisopropyl ketone dinitrophenylhydrazone. 

Dimethyl cycloButene-1| : 2-dicarboxylate.-This was prepared from cis-cyclobutane-l ; 2-di- 
carboxylic anhydride by Perkin’s method.“ Hydrolysis yielded the acid (XII) as rods, m. p. 
178—178-5°, after recrystallisation, first from dioxan, then from water, 

cycloHexene-1 : 2-dicarboxylic Anhydride (X111)...Phthalic anhydride was reduced with 


'® Mulliken, J]. Chem. Phys., 1939, 7, 364. 
'® Alberman, Haszeldine, and Kipping, /., 1952, 3284 
‘* Overberger and Lebovits, /. Amer. Chem. Soc., 1954, 76, 2722 
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sodium amalgam according to Baeyer’s method,® to give cyclohexene-2 : 3-dicarboxylic acid, 
m. p. 214--215°. At 220-—-230° this gave the anhydride, (XIII), which was recrystallised from 
water, distilled, then recrystallised from light petroleum (b. p. 40-—60°) in ca. 2% overall yield 
(m. p. 71-5-—-72°; lit.,® 74°). 


The author is grateful to Dr. F. B. Kipping for permission to publish this work, to Dr. V. M 
Clark for suggesting the comparison in example 2, and to the Department of Scientific and 
Industrial Kesearch for a Maintenance Grant. 
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432. T'he Friedel-Crafts Reaction in the Carbazole Series. Part V.* 
By D. G. Brooke and (the late) S. G. P. PLAnt, 
2: 6-Dibenzoyl-, 2: 6-diacetyl-, 2-acetyl-6-benzoyl-, and 6-acetyl-2- 


benzoyl-carbazole and carbazole-2 : 6-dicarboxylic acid have been prepared. 
Constitutions are assigned to these compounds by analogy. 


Unper the usual conditions of the Friedel-Crafts reaction two acyl groups are readily 
introduced into the 3- and the 6-position of carbazole and its 9-alkyl derivatives; with 
¥-acylcarbazoles substitution of a single acyl group into the 2-position ensues,* although 
3-acylearbazoles can be obtained by the isomerising action of aluminium chloride on the 
Y-acyl compounds," Thus, if 2-acylcarbazoles were treated with acid halides in the presence 
of aluminium chloride, it seemed likely that 2 : 6-diacylcarbazoles (I) would result. 


Rn COZ ™ S Bz a 
() I + i a N | | er OW 
~~ *N 7 ~ N 
H 


a 


Treatment of 2-benzoylcarbazole with one mol. of benzoyl chloride in the presence of 
aluminium chloride gave 2 : 6-dibenzoylcarbazole. With 2-acetylearbazole two molecular 
proportions of benzoyl chloride were required to yield 2-acetyl-6-benzoylearbazole. 
Similar treatment with acetyl bromide or chloride gave mixtures containing much starting 
material, unless a considerable excess of acetyl halide was employed. From these reactions 
§-acetyl-2-benzoylcarbazole contaminated with a little 6 : 9-diacetyl-2-benzoylearbazole, 
and 2:6: 9-triacetylearbazole, were obtained. The 9-acetyl groups can be readily 
removed by hydrolysis, yielding 6-acetyl-2-benzoylcarbazole and 2 ; 6-diacetylcarbazole 
respectively. The Friedel-Crafts reaction with 2-benzoyl-9-methylcarbazole and benzoy! 
chloride gave 2 : 6-dibenzoyl-9-methylcarbazole identical with the product obtained by 
methylation of 2 : 6-dibenzoylearbazole, 

2: 6-Dibenzoylearbazole and 6-acetyl-2-benzoylearbazole were also obtained by an 
isomeric change from 2 : 9-dibenzoylcarbazole and 9-acetyl-2-benzoylearbazole respectively 
in the presence of aluminium chloride. 

In attempts to apply the Friedel-Crafts reaction to 3: 9-diacetylearbazole only 
unchanged starting material was isolated. 

2 ; 6-Dibenzoyl- and 2-acetyl-6-benzoyl-carbazole were fused with potassium hydroxide, 
yielding carbazole-2 : 6-dicarboxylic acid, 

There seems little doubt that the structures which have been assigned to these com- 
pounds are correct but they have not been rigidly proved. Synthetic experiments were 
not successful. 4-Bromo-3-nitrobenzophenone was condensed with 3-aminobenzophenone, 
giving 3’: 4-dibenzoyi-2-nitrodiphenylamine; this was reduced to the amine and thence 


* Part IV, J., 1964, 1341, 


' Plant, Rogers, and Williams, /,, 1035, 741 
* Mitchell and Plant, ]., 1936, 1295. 
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converted into 3’ ; 5-dibenzoyl-l-phenylbenzotriazole (11) which failed to give 2 : 6-di- 
benzoylcarbazole on pyrolysis. An attempt to synthesise 2-acetyl-6-benzoylcarbazole was 
not pursued because 3’-acetyl-4-benzoyl-2-nitrodiphenylamine, prepared from 4-bromo-3- 
nitrobenzophenone and 3-aminoacetophenone, could not be satisfactorily reduced to the 
amine. 


EXPERIMENTAI 


2 : 6-Dibenzoylcarbazole.—-2-Benzoylcarbazole (3-8 g.), aluminium chloride (2 g,), carbon 
disulphide (25 c.c.), and benzoyl chloride (1-4 c.c.) were refluxed for 1 hr.; the carbon disulphide 
was evaporated, and the residue treated with dilute hydrochloric acid. The green solid was 
washed with hot ethanol and recrystallised from cyclohexanone from which 2: 6-dibensoyl- 
carbazole (1-2 g.) separated in colourless prisms, m. p. 218° (Found: C, 82-8; H, 46. Cg,F,,O,N 
requires C, 83-2; H, 4:5%). 

A solution of 2: 9-dibenzoylearbazole (5 g.) in nitrobenzene (40 c.c.) was treated with 
aluminium chloride (4 g.) and kept at 120° with occasional shaking for 15 min, The cooled 
solution was then poured into dilute hydrochloric acid, and the nitrobenzene was removed in 
steam. The residue was extracted with boiling ethanol (charcoal), and the green solid 
precipitated by pouring the extracts into dilute hydrochloric acid was then recrystallised from 
cyclohexanone, from which 2 ; 6-dibenzoylcarbazole was obtained in prisms, m. p, and mixed 
m, p, 218°. 

2 : 6-Dibenzoylcarbazole (0-5 g.) was boiled with acetic anhydride (3 c.c.) and one drop of 
concentrated sulphuric acid for a few minutes. Water precipitated a solid which, recrystallised 
from acetic acid, gave 9-acetyl-2 : 6-dibenzoyicarbazole (0-5 g.) as needles, m. p. 184° (Found; C, 
80-6; H, 47. Cy,H,,O,N requires C, 80-6; H, 46%). This product was converted into 
2: 6-dibenzoylcarbazole by refluxing aqueous-ethanolic potassium hydroxide, 

A solution of 2 : 6-dibenzoylcarbazole (0-5 g.) in acetone (15 c.c.) was shaken with potassium 
hydroxide (0-15 g.) in water (0-1 g.) and benzoyl chloride (0-25 g.). Addition of water 
precipitated 2 ; 6; 9-tribenzoylcarbazole, needles (0-5 g.), m. p. 195° (from ethanol) (Found: C, 
82-5; H, 45. Cy,H,,O,N requires C, 82-7; H, 44%). 

2: 6-Dibenzoylearbazole (0-5 g.) in acetone (10 c.c.) was shaken with methyl sulphate 
(0-5 c.c.) and potassium hydroxide (0-5 g.) in water (0-26 c.c,), Addition of water precipitated 
2 : 6-dibenzoyl-9-methylcarbazole, prisms (0-3 g.), m. p. 140° (from acetic acid) (Found; C, 83-4; 
H, 5-0, Cyg,Hy,O,N requires C, 83-3; H, 49%). 

2-Benzoylcarbazole (1-65 g.) shaken in acetone solution for 10 min, with methyl sulphate 
(2 g.) and sodium hydroxide (2 g.) in water gave 2-benzoyl-9-methylcarbazole, yellow needles 
(1-35 g.), m. p. 117° (from ethanol) (Found: C, 83-9; H, 5-3. CygH,,ON requires C, 84-2; H, 
53%). This product (1-2 g.), aluminium chloride (0-65 g.), carbon disulphide (10 c,c.), and 
benzoyl! chloride (0-5 c.c.) were refluxed for 1 hr., the carbon disulphide was evaporated, and the 
residue treated with dilute hydrochloric acid. The green solid was recrystallised from ethanol 
to give 2 : 6-dibenzoyl-9-methylearbazole (0-2 g.}, m. p. and mixed m, p. 139°. 

Diethyl Carbazole-2 ; 6-dicarboxylate.—2 : 6-Dibenzoy!carbazole (1 g.) was added to potassium 
hydroxide (10 g.) which had been melted with water (1 c.c.), and the temperature was slowly 
raised until reaction occurred, When cold, the mixture was dissolved in water; addition of 
concentrated hydrochloric acid to the filtered solution precipitated carbazole-2 ; 6-dicarboxylic 
acid (0-45 g.), m. p. 384° (decomp.), insoluble in hot cyclohexanone or nitrobenzene, Its 
suspension in alcoholic hydrogen chloride was refluxed for 6 hr., the solvent distilled off, and the 
residue ground with dilute aqueous sodium carbonate; crystallisation from methanol gave 
diethyl carbazole-2 : 6-dicarboxylate as almost colourless prisms, m, p, 176° (Found; C, 69-1; H, 
5:7. Cy,H,,O,N requires C, 69-4; H, 5-5%). 

2-A cetyl-6-benzoylcarbazole,-2-Acetylcarbazole (2 g.), aluminium chloride (5 g.), carbon 
disulphide (50 c.c.), and benzoyl chloride (2-4 c.c.) were refluxed for 14 hr.; the product 
crystallised from cyclohexanone, to give 2-acetyl-6-benzoylcarbazole (1-4 g.) as colourless prisms, 
m. p. 253° (Found: C, 80-5; H, 4-9. C,,H,,0O,N requires C, 80-5; H, 48%). This was 
converted into diethyl carbazole-2 ; 6-dicarboxylate (mixed m. p.) as above, 

2-Acetyl-6-benzoylcarbazole (0-2 g.) was boiled with acetic anhydride (3 c.c.) and a few 
crystals of fused potassium acetate for a few minutes. Water precipitated 2: 9-diacetyl-6- 
benzoylcarbazole which recrystallised from acetic acid as needles (0-1 g.), m. p. 173° (Found; C, 
77-0; H, 4-9. CysH,,O,N requires C, 77-8; H, 48%). 
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In the same way as above, 2-acetyl-6-benzoylcarbazole afforded 2-acetyl-6 : 9-dibenzoyl- 
carbazole, colourless needles, m. p. 198° (from ethanol) (Found: C, 80-4; H, 4-7. CyglHyO,N 
requires C, 80-6; H, 46%), and 2-acetyl-6-benzoyl-9-methylcarbazole, colourless prisms, m. p. 155° 
(from acetic acid) (Yound: C, 80-6; H, 5-2. C,,3H,,0,N requires C, 80-7; H, 5-2%). 

6-Acetyl-2-benzoylcarbazole,_-2-Benzoylcarbazole (4-9 g.) in carbon disulphide (50 c.c.) was 
refluxed for 1 hr. with aluminium chloride (5 g.) and acetyl bromide (2-8 ¢.c.). After removal 
of the carbon disulphide, the product was treated with dilute hydrochloric acid. The resulting 
green solid was refluxed with ethanol (80 c.c.) and potassium hydroxide (4-8 g.) in water (20 c.c.) 
for 2 hr. Water was added, and the precipitated 6-acetyl-2-benzoylcarbazole (1-3 g.) crystallised 
from acetic acid as almost colourless prisms, m. p. 211° (Found: C, 80-1; H, 48. C,,H,,O,N 
requires C, 80-5; H, 48%). This was also obtained from 9-acetyl-2-benzoylcarbazole in the 
same manner as was 2: 6-dibenzoylcarbazole from 2 : 9-dibenzoylcarbazole. 

6-Acetyl-2-benzoylearbazole was converted in the usual way into 6-acelyl-2 : 9-dibenzoyl-, 
prisms, m, p, 160° (from ethanol) (Found: C, 80-7; H, 4-8. C,,H,,O,N requires C, 80-6; H, 
46%), and 6-acetyl-2-benzoyl-9-methyl-carbazole, prisms, m. p. 168° (from acetic acid) (Found : 
C, 80-6; H, 6-4. CygH,,O,N requires C, 80-7; H, 5-2%). 

2 : 6-Diacetylcarbazole.—-A mixture of 2-acetylcarbazole (2-25 g.), carbon disulphide (40 c.c.), 
and aluminium chloride (8 g.) was treated with acetyl chloride (8 c.c.), the whole refluxed for 
| hr., and the solvent allowed to evaporate. The residue was treated with dilute hydrochloric 
acid and the brown solid recrystallised twice from cyclohexenone to give 2: 6: 9-triacetyl- 
cavbazole (1-5 g.) in colourless prisms, m. p. 176° (Found; C, 73-5; H, 5-4. C,,H,,0,N requires 
C, 73-7; H, 61%). This material (1 g.) in ethanol (40 c.c.) was refluxed with potassium 
hydroxide (2-4 g.) in water (10 c.c.) for 2 hr. Water precipitated 2: 6-diacetylcarbazole which 
crystallised from acetic acid as prisms (0-6 g.), m. p. 217° (Found: C, 76-4; H, 5-4. C,gH,,;0,N 
requires C, 76-5; H, 52%). This gave, in the usual manner, 2 : 6-diacetyl-9-benzoyl-, prisms, 
m. p. 180° (from acetic acid) (Found: C, 77-6; H, 49. C,,H,,O,N requires C, 77-8; H, 4-8%), 
and 2: 6-diacetyl-9-methyl-carbazole, prisms, m. p. 180° (from ethanol) (Found: C, 77-2; H, 5-9. 
C,,H,,0,N requires C, 77-0; H, 57%). 

3’ : 5 Dibenzoyl-1-phenylbenzotriazole,—4-Bromo-3-nitrobenzophenone (3 g.), 3-aminobenzo- 
phenone (2 g.), and potassium carbonate (0-9 g.) were heated at 150° for 4 hr., after which the 
product was washed with water, dried, and ground with methy! alcohol until all the dark matter 
had gone into solution. The remaining 3’ : 4-dibenzoyl-2-nitrodiphenylamine (2 g.) crystallised 
from acetic acid in yellow plates, m. p. 128° (Found: C, 74-0; H, 4:3. C,,H,,O,N, requires C, 
739; H, 43%). This material (2 g.) in ethanol (90 c.c.) and n-sodium hydroxide (50 c.c.) was 
treated on the water-bath with a solution of sodium dithionite (12-5 g.) in 0-5n-sodium hydroxide 
(60 c.c.). The almost colourless solution was filtered hot and the inorganic precipitate washed 
with ethanol, When the combined filtrates were concentrated under reduced pressure, solid 
separated as the ethanol was completely removed. Its aqueous suspension was filtered and the 
base crystallised from ethanol, to give 2-amino-3’ : 4-dibenzoyldiphenylamine (1-6 g.) as yellow 
needles, m. p. 160° (Found: C, 79-7; H, 5&3, CygHggO,N, requires C, 79-6; H, 51%). A 
solution of this amine (1-4 g.) in glacial acetic acid (20 c.c.) was treated with sodium nitrite 
(0-5 g.). 3°: 5&-Dibenzoyl-1-phenylbenzotriazole, which gradually separated, recrystallised from 
glacial acetic acid as colourless plates (0-9 g.), m. p, 158° (Found : C, 77-2; H, 44. C,,H,,O,N, 
requires C, 77-4; H, 42%). 

The above triazole (0-5 g.), when heated in liquid paraffin (20 c.c.) for 1} hr. at 330—335° and 
then at 360° for } hr., gave a mixture from which chromatography afforded an unidentified 
substance, m. p. 226°, in small amount 

4-Bromo-3-nitrobenzophenone (3 g.), 3-aminoacetophenone (1-4 g.), and potassium carbonate 
(0-9 g.) were heated at 150° for 2 hr., washed with water, and crystallised from ethanol, to give 
3’-acetyl-4-benzoyl-2-nitrodiphenylamine (1-7 g.) in orange prisms, m. p. 140° (Found: C, 70-1; 
H, 4-6. C,y,H,.O,N, requires C, 70-0; H, 4.4%). 
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433. Alkylperoxy-radicals. Part 11.* Kinetics of Autoxidations 
retarded by 2:4: 6-T'rialkylphenols, 
By A. F. Bicker and E. C. Kooymay. 


By use of a competitive method involving reactions of alkylperoxy- 
radicals either with a 2; 4: 6-trialkylphenol (AH) or with a standard hydro- 
carbon (RH = 9: 10-dihydroanthracene), the relative reactivities at 60° of 
various phenols were determined by measuring initial rates of oxidation. 
Alkylperoxy-radicals were generated by the dissociation of 2: 2: 3: 3-tetra- 
phenylbutane and reaction of the resulting radicals with oxygen. 

Three types of kinetics were found to occur, depending on the phenol 
investigated, and were interpreted on the basis of three different reaction 
mechanisms. 

It appeared that phenolic antioxidants can be characterized (1) by 
the antioxidant efficiency, i.¢., the ratio of the rates of hydrogen abstraction 
by alkylperoxy-radicals from the phenol and from the hydrocarbon respec- 
tively, and (2) by the rate of the chain-transfer reaction At + RH —» 
AH + R:. All phenolic antioxidants reacted much faster than the standard 
hydrocarbon, differing among themselves by a factor of about 20. The 
rate of the chain-transfer reaction decreased with increasing size of ortho- 
substituents. The presence of two o-tert.-butyl groups completely prevented 
the starting of new oxidation chains by transfer. 


Tue nature of the products formed by interaction of 2:4: 6-trialkylphenols and 
independently generated alkylperoxy-radicals was established in Part I.* This provided 
the necessary basis for the quantitative comparison of the activities of the various alkyl- 
phenols, which is the subject of the present paper. 

Our approach to this investigation resembles that of Bolland and ten Have! wh« 
carried out comparative kinetic measurements on a series of phenols acting as retarders for 
the autoxidation of ethyl linoleate initiated by benzoyl peroxide. Whilst the latter method 
had an advantage in so far as the kinetics of the uninhibited oxidation had been worked 
out in some detail, it also has some notable drawbacks. Benzoyl peroxide, for instance, is 
known to suffer induced decomposition, whilst initiation by thermal decomposition of the 
unstable linoleate hydroperoxide should become faster as the reaction proceeds, 1: 4- 
Dienes such as ethyl linoleate are not readily obtained pure and are, moreover, not stable to 
atmospheric oxidation, even at room temperature 

To avoid these difficulties another competitive system was developed for the comparison 
of the alkylphenols (AH), using 9 : 10-dihydroanthracene (RH) as reactive standard hydro 
carbon, 2: 2:3: 3-tetraphenylbutane as oxidation initiator, and bromobenzene as inert 
solvent. The main reactions can be represented : 


RO-O- + RH —® RO-OH + R: 
RO-O: + AH —® RO-OH + A: 


antioxidant and hydrocarbon competing for the alkylperoxy-radicals. 

The kinetics were studied by measuring initial rates of oxidation as a function of intakes 
of initiator, hydrocarbon, and phenol. 

The kinetics to be derived are based on the formation of hydroperoxides which are 
stable at the reaction temperatures employed, 2: 2:3: 3-Tetraphenylbutane seemed to 
possess useful properties for the present study. Its preparation is relatively simple; it is 
stable in the solid state up to 80°, which makes it suitable for use in ampoules, It 
dissociates in solution to two diphenylethy! radicals at a suitable rate at 60° and in a 
strictly unimolecular manner in the presence of a suitable radical scavenger. The results 


* Part I, J/., 1953, 3211. 
* Bolland and ten Have, Discuss, Faraday Soc., 1947, No. 2, p. 262 
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of Ziegler,? who determined the dissociation rate by measuring rates of oxygen consumption 
in presence of pyrogallol (k, = 2057 x 10 sec.~! at 60-05°), have been verified by us by 
measuring the rate of oxidation in the presence of 2 : 6-di-tert.-butyl-4-methylphenol (k,, 
2-065 x 10 sec. at 60-06’). Thus, 60° was selected as the most convenient reaction 
temperature. 

The choice of 9 : 10-dihydroanthracene as a standard hydrocarbon was prompted by its 
stability towards oxygen in the absence of initiators up to 100° as well as by its rapid 
reaction with alkylperoxy-radicals. 

The stability of the hydroperoxides derived from the initiating radicals as well as from 
the 9 : 10-dihydroanthracene at the reaction temperature of 60° was established by isolating 
these products in good yields in similar runs at 80°. Hence, initiation is brought about by 
the dissociation of the tetraphenylbutane added rather than by the thermal decomposition 
of hydroperoxides, 

The initiating diphenylethyl radicals are not identical with the radicals formed as 
intermediates in the autoxidation of dihydroanthracene. Unfortunately, 1 : 1-dipheny]l- 
ethane, which gives diphenylethyl radicals on removal of hydrogen from the a-position, 
could not be used in view of its low reactivity towards alkylperoxy-radicals, In view of 
the structural similarity of diphenylethyl radicals and the radicals formed from dihydro- 
anthracene, it was assumed throughout that the corresponding alkylperoxy-radicals would 
behave kinetically in the same manner. Judging from the kinetic results, this approxim- 
ation appeared to be satisfactory. 

Kinetics.-From measurements of the initial rate of oxidation at different relative 
amounts of initiator (R,), phenol (AH), and standard hydrocarbon (RH) it appeared that 
the alkylphenols can be arranged in several groups exhibiting different kinetic behaviours : 

(a) For 2: 4: 6-tri-tert.-butylphenol (I), 2 : 6-di-tert.-butyl-4-methylphenol (II), 2-tert.- 
butyl-4 : 6-dimethylphenol (IV), and 2-tert.-butyl-4-methylphenol (VIII) the initial oxid- 
ation rate is a strictly linear function of the [RH]/[AH] ratio (Figs. 1 and 2).* 

(b) For 4-tert.-butyl-2 : 6-dimethylphenol (V) and 2: 4-di-tert.-butyl-6-methylphenol 
(111) the initial rates of oxidation pass through a minimum with increasing retarder 
concentration (Fig. 3). 

(c) The initial rates of oxidations retarded by 2: 4 : 6-trimethylphenol (VI) or p-tert.- 
butylphenol (VII) are found to be linear functions of [RH] (Fig. 4) as well as of 1/[AH) 
(Fig. 5); they may be represented as a linear function of [RH]/[AH)] + c{[RH], where c is 
a constant. 

The retarding action of the phenols mentioned under (a) can be interpreted in terms of 
one of the following mechanisms : 

(a,1) Termination by dimerization of benzyl-type radicals (A). Since termination by 
interaction of R- and/or RO-O- radicals will be of no importance in the presence of an active 
retarder, the reaction equations will be the following : 

hy 
R, > 2R- R+ 4+ O, —» RO-O- 


he 
RO-O: + RH ——® RO-OH + R- 


Ab 
RO-O: -- AH ——* RO-OH + A- 


ha 
2A°——-® A, 


A: represents a 3 : 5-dialkyl-4-hydroxybenzyl radical formed by hydrogen abstraction from 
the p-methyl group of the phenol. 
The rate of oxidation is given by : 
—A[ Oy} dt = 2kp(Ry){l + he[ RH) /hy GAB in aie rie 109 
* Throughout this paper, square brackets [] are used to denote concentrations in moles per 300 m! 
446 ¢.) of bromobenzene, this being the volume used in all experiments, d{O,)dt is in mole/se« 
* Ziegler, Annalen, 1942, 551, 150. 


(1956) Alkylperoxy-vadicals. Part I]. 


Fic, 1 
A, 2: 4: 6-Tri-tert.-butylphenol. 
, 2-tert -Butyl-4 : 6-dimethylphenol. 


lia, 2 


| 6-Di-tert.-butyl-4-methylphenol 


HB, 2-tert.-Butyl-4-methylpheno 


Fic, 3. 4-tert.-Butyl-2 ; 6-dimethyl 
phenol; (RH) = A, 6 x 10°; 
B,2 x10": €,0. 


Mesitol ; [AH] = A, 0-26 x 10%; B,O-5 x 10; C, 


10” [ru] 


Mesitol ; (RH] = A, 16 x 10°; B,10 x 10; C,5 x lo; DO 


— SS 4 


2 J 4 
1/10" (an) 
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Since the initial rate is linearly dependent on the ratio [RH}/[AH) the validity of 
eqn. (1) can be tested by measuring the initial oxidation rates for different values of [RH] 
and [AH) and plotting the results against [RH]/[AH]. The ratio ,/£,, termed antioxidant 
efficiency, can be evaluated from the slope of the line and the values thus obtained may 
serve for the comparison of antioxidants with regard to their chain-stopping properties. 

(a,2) Termination by combination of inhibitor radical (A-) with peroxy-radical (RO-O*) 
to form a stable peroxide (RO-OA). A* now represents a mesomeric 2: 4: 6-trialky! 
phenoxy-radical and the reactions involving A+ radicals are : 


hes he 
RO-O: 4+- AH ——-® RO-OH -- A- RO-O+ 4- Av ——® RO-OA 


he rate of oxidation is expressed by : 


—d{O,) /dt = 2k,{Re}}] + A{RH]/2k,{AH}; . . . . . (2) 
2 pL**2 J 


(a,3) Simultaneous occurrence of terminations (a,1) and (4,2). In this case the rate of 
oxidation can be represented by : 


—d{O,}/dt = 2ky(Ry}{1 + k(RH)/(2k, + h)(AH]} . . . 8) 


Obviously, it is impossible to distinguish kinetically between dimerization and formation 
of a stable peroxide. Hence, the production of peroxide and/or dimer is in agreement with 
kinetics showing a linear relation between oxidation rate and [RH]}/[AH] ratio. 

Our product studies (Part I) make it very probable that retardation by phenols (I) and 
(LI) follows mechanism (4,2) (exclusive formation of peroxides RO-OA), whilst phenol (IV) 
might act in accordance with mechanism (a,3) (simultaneous formation of peroxide and 
stilbenequinone). No product studies have been made for phenol (VIII), but it may be 
assumed to operate in nearly the same manner as phenol (IV). The respective antioxidant 
efficiencies were calculated from the slopes in Figs. 1 and 2 and are presented in the Table. 


Alkylphenol with alkyl groups in positions Antioxidant Chain 
2 4 6 efficiency transfer 
(1) But But , 0 
(11) Me But 33- i) 
(111) But Me Small 
(IV) Me Me t 0 
(V) } But Me Large 
(VI) ; Me Me 260-—350 + 00035 ¢ 
(VII) But 80-—~100 * 0-0086 + 
(VIII) Me 118t 0 


t (2hky + thy) /hy. t he [hat 


The phenols (V) and (III) probably act in accordance with mechanism (6) outlined 
below. ke 
(6) Chain transfer of retarder radical with hydrocarbon (A* 4+ RH ——® AH -+- R:) 
and termination by combination of (A+) with a peroxy-radical (RO-O-), The general 
equation for —d{O,]/dt that can be derived is too complicated to be correlated with 
experimental results. It can, however, be simplified by assuming predominant chain 
transfer (k.{RH] > &{RO-O-)}), The rate of oxidation is then given by 


d[O,}/dt = 2k,(R,] + {4{RH] + k,[AH)}(RH}(AH} "(kek [Rg] /kaeV)! . (4) 


where V is the volume of solution. 
For [RH] = constant, equation (4) becomes : 


—d{O,} /dt = 2k, [Ry] + ¢,[AH]}* + ¢[AH}! 


where c, and c, are constants, 
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Equation (5) can easily be checked with experimental results by writing it in the form 


{—d(0,}/ds — 2k,(R,)}[AH}'=c,+q{AH] . . . . @ 
and plotting the left-hand part against [AH]. The antioxidant efficiency 2h,/k, can then 
be calculated from the values of c, and ¢, by 24,/k, = 2¢,[RH)]/c,. Successive differenti- 
ation of eqn. (5) shows that there should be a minimum in the rate of oxidation for [AH] = 
k,{ RH}/k, and a point of inflexion at [AH] = 34,[RH)/A,. 

The experimental results for 4-¢ert.-butyl-2 : 6-dimethylphenol (V) are shown in Fig. 3. 
The linear dependence of —d{O,}/dé on [AH]! corresponds to an overwhelming influence 
of the &,{/AH] term in eqn. (4); the &,{RH] term becomes relatively important only as [AH} 
becomes low, and an increasing rate of oxidation then results. Plots in the manner of 
eqn. (6) are shown in Fig. 6. Slopes and intercepts give values for 2k,/k, of 31 and 16. 
The experimental results do not allow of the calculation of a reliable value for the anti- 
oxidant efficiency of 2: 4-di-tert.-butyl-6-methylphenol (III): here the chain-transfer 


/4r A 


Fic. 6. 4-tert.-Butyl-2 : 6-dimethylphenol: A, (RH) 
5 x 107%, 2h, /k 31; B, [RH] = 2 x 10°, 2h, /h, 
16 


reaction plays a less important role than for 4-tert.-butyl-2 ; 6-dimethylphenol (V). On the 
whole, eqn. (4) accounts qualitatively for the experiments with these two phenols. It 
should be realized that quantitative agreement cannot be expected since eqn. (4) has been 
derived for the limiting case of predominant chain transfer. 

p-tert.-Butyl- and 2-tert.-butyi-4-methylphenol (VIT) and (VIII) seem to follow the 
kinetics of scheme (c). 

he 

(c) Chain transfer of retarder radical with hydrocarbon (A: 4+ RH ——-® AH +- R:) 
and termination by dimerization of (A*), The following equation can be derived in the 
usual way : 


~d{O,]/dé = 2ko[Ry}{ 1 + hy{RH]/hy[AH]} + ke(2hp(Rq]/kaV)(RH] . (7) 
For [RH] = constant, eqn. (7) becomes : 
—d[O,)/idé=c,+c{/AH}* ...... «+ (@) 


The antioxidant efficiency %/k, can be determined from the slopes of plots of eqn. (8) 
(Fig. 5). 
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Since 
Cy = 2hp[R,] + he(2kp[ Ry} /kaV)*( RH) 
the intercept in a plot of —d[{O,]/dt against [AH}™ is linearly dependent on [RH]. The 
equation for c, can be used to calculate &,/k4!, a measure of the chain transfer (Table). 
For [AH] = constant, eqn. (7) becomes : 


—d[OJ/dt=c,4+e¢{RH}] ....... 


In a plot of —d{O,}/dé against [RH], the intercept is the same for all values of [AH]. 

It should be borne in mind that the products isolated (Part I) also indicated the formation 
of smal! amounts of a peroxide in the case of mesitol. For #-tert.-butylphenol (VII) the 
nature of the products is unknown, but the formation of 5: 5’-di-tert.-butyl-2 : 2’-di- 
hydroxydiphenyl is conceivable, since a similar product was obtained by Moore and 
Waters * on oxidation of cumene inhibited by p-cresol. 

Relations between Structure and Reactivity of Alkylphenols.—Since the present measure- 
ments are limited to a single temperature, interpretation remains speculative. Both 
classical steric hindrance and steric inhibition of resonance will be invoked in this discussion. 

rhe nearly identical values of 2k,/k, found for the two phenols (I) and (II) having fert.- 
butyl groups in both ortho-positions, viz., 32 and 33-5 respectively, show that these two 
react with alkylperoxy-radicals at nearly the same rates. They were found (Part I) to give 
analogous reaction products, viz., eyclohexadienones carrying a RO-O group in the 
4-position. Since addition of RO-O» as the primary step would probably involve quite 
different steric requirements it seems likely that the primary step consists in removal of 
hydrogen from the hydroxyl group; the substituent effects of a p-methyl group and a 
p-tert.-butyl group are known to be very similar, whereas the hydroxyl group is flanked by 
the same ortho-substituents. 

Removal of hydrogen from the hydroxyl group by an approaching alkylperoxy-radical 
will be interfered with by the shielding effect of bulky ortho-substituents, lower reactivity 
resulting. On the other hand, bulky groups may prevent coplanarity of the hydroxy] 
bond and the ring, thereby lowering resonance stabilization due to structural contributions 

—_ of the type (A). Since this effect disappears in the radical, the strength 

-(_)=6 of the O-H bond will be lower in strongly hindered phenols than in 

—_ less hindered phenols. Thus, bulky ortho-substituents should cause 

both a retarding and an accelerating effect, the net result of which 

(A) cannot be predicted. In this way, we may account for the fact that 
phenols (1) and (V) show roughly the same reactivity (32 and ~31) in the first step. 

The absence of chain-transfer effects with strongly hindered phenols is probably 
attributable both to shielding and to a lower strength of the O-H bond to be formed, 
Further, the radical A+ from 2 : 4-di-tert.-butyl-6-methylphenol (III) will react more slowly 
with RH than that from 4-tert.-butyl-2 :6-dimethylphenol (V). According to these 
arguments, phenols having the same ortho-substituents should show a similar behaviour in 
chain transfer. However, mesitol (VI) shows little transfer and 2-rt.-butyl-4 : 6-di 
methylphenol (IV) none at all, although the corresponding phenols (V) and (III) are quite 


Possibly, the p-methyl groups are attacked as well; dimerization 


reactive in this respect. 
The above 


of these benzyl type radicals causes formation of stilbenequinones (Part 1). 
discrepancy might be therefore explained by assuming that chain transfer only occurs by 
means of aryloxy-radicals. 

Summing up, it appears that the special technical merits of strongly hindered phenols 
are due to the absence of chain transfer with compounds to be protected rather than to an 
outstandingly high reactivity towards alkylperoxy-radicals. Differences in reactivity may 
be interpreted as being due to two opposing influences, a lowering of reactivity caused by a 
classical shielding effect and an increase attributable to steric inhibition of resonance in the 
phenol, which is released in the radical. 

Conclusions with Regard to the Nature of the Hydrocarbon.—-The data on the occurrence of 


* Moore and Waters, /., 1954, 243 
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chain transfer suggest that the behaviour of antioxidants such as 2 : 6-di-tert.-butyl-4- 
methylpheno! (IT) and of the chain-transfer type may be different for different hydrocarbon 
substrates. Thus the contribution of the chain-transfer reaction will probably be less 
important for unreactive paraffins than for very reactive hydrocarbons. This suggests 
that, for the latter, inhibitors of the chain-transfer type should be inferior to antioxidants 
such as (IT). 


EXPERIMENTAL (with W. Rorst) 


Starting Materials.-Bromobenzene was shaken with changes of concentrated sulphuric acid 
until the acid layer remained colourless. It was then washed with 5% sodium hydroxide and 
distilled water, dried (CaCl,), and fractionated at 30 mm. in a ]-m. Vigreux column, the fraction 
of n® 1-5600 being collected. 

2: 2:3: 3-Tetraphenylbutane and the trialkylphenols were prepared as described in Part I. 
4-tert.-Butylphenol and 2-tert.-butyl-4-methylphenol were prepared similarly and had m. p. 
98-5° and 53°, respectively. 

9: 10-Dihydroanthracene was obtained by hydrogenation of anthracene in ethanol with 
Adkins catalyst at 160°/140 atm. Recrystallized from ethanol, it had m. p, 109-—-109-5°. 

Reaction of 2: 2’-Azoisobutyronitrile or 2: 2:3: 3-Tetraphenylbutane with Oxygen and 9 : 10- 
Dihydroanthracene.—-Dihydroanthracene (0-1 mole) and the azo-compound or the butane 
(0-01 mole) were dissolved in dry, thiophen-free benzene (250 ml.), and oxygen was bubbled 
through the solution at 80° for 7 hr. or at 70° for 3 hr. The mixture was evaporated 
at 40°/1 mm. The residue was freed from dihydroanthracene by treatment with ethanol and 
filtration, then evaporated, and the residue was recrystallized from toluene. In this manner 
9: 10-dihydro-9-anthryl hydroperoxide was obtained pure [{m, p, 108-5--109° (decomp.)} in 
yields of 7 g. (33%) and 5g. (24%), respectively (Found: C, 79-5, 79-7; H, 6-0, 57. CyHy,0O, 
requires C, 79-2; H, 5-7%). 

Measurement of Initial Rates of Oxidation.The apparatus consisted essentially of a 
cylindrical Pyrex-glass vessel (diam. 9 cm., height 16 cm.), fitted with a mercury-sealed Vibro- 
mixer, a capillary for oxygen supply, a support for an ampoule, and a rod which could be used 
to crush the ampoule by a 90° turn. The capillary was connected to a manometric system, 
consisting of an octyl phthalate manometer and a graduated gas-burette containing mercury 
provided with a levelling tube. The reaction vessel was placed in a thermostat at 
60-06° + 0-01°. 

The thin-walled glass ampoules had a volume of 0-4 ml. and contained 362.5 + 0-3 mg. 
(1 mmol.) of 2; 2: 3: 3-tetraphenylbutane in a nitrogen atmosphere at a pressure of 66 cm. of 
mercury at room temperature, In this manner a pressure of about 76 cm. of mercury was 
attained at 60°. 

The procedure was as follows: The oxidation vessel containing an ampoule was closed with 
a rubber stopper, evacuated, and filled with pure, dry oxygen twice in succession, Weighed 
quantities of 9: 10-dihydroanthracene and phenol, and 446 g. of pure bromobenzene were 
introduced. ‘The Silicone-greased glass stopper with stirrer was brought in position and the slot 
was filled with 25 ml. of mercury and 10 ml. of bromobenzene, ‘The apparatus was placed in the 
thermostat, the Vibromixer and oxygen supply were connected, and when temperature 
equilibrium was established stirring was started. Usually a constant-volume reading was 
attained within 12 min, The ampoule was crushed by a 90° turn of the rod, and volume and 
time were read every minute for 20 min. 

The initial rate in ml, of O, per min, was obtained from a plot of volume against time. In 
most cases it had a constant value (error <2%,) for the first 10 min. The results are expressed 
as —d{O,}/2{R,)désec.4. The reproducibility is within 23%, 
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434. The Mechanism of the Fries Rearrangement. 
By N. M. Cuttinane, ALwyn G. Evans, and E. T. Lioyp. 


The rate of rearrangement of o-tolyl acetate in the presence of titanium 
tetrachloride in homogeneous nitrobenzene solution increased (a) with 
temperature, and (b) with the catalyst-ester molecular ratio up to a value of 
2, after which, further increase in the ratio had scarcely any effect. The 
plot of mole % of ester against time for a 1: 1 catalyst-ester ratio was very 
similar over a three-fold change in the volume of solvent. We conclude that 
the ester and catalyst combine immediately on mixing and that it is the 
further first-order reaction of this complex that is observed. 

The products consisted almost entirely of the para-substituted hydroxy- 
ketone, and o-cresol, As the hydroxy-ketone was formed at a finite rate at 
zero time it must have come, in part at least, directly from the acetate 
catalyst complex by an intramolecular migration, For the same reason the 
o-cresol must have arisen directly from a first-order scission of the complex ; 
it subsequently reacted further to give, presumably, the hydroxy-ketone. 

From the effect of temperature on the rate of disappearance of o-tolyl 
acetate, the activation energy for this reaction has been obtained. 

Similar results were obtained with o-cresol and acetyl chloride in place of 
o-tolyl acetate, 

During the rearrangement some of the acetylium ion was lost, but by 
addition of acetyl chloride during the transformation the yield of p-hydroxy 
ketone was increased to a maximum of 87%. 


ALrTHouGH the Fries rearrangement is a reaction of great experimental importance, its 
precise mechanism has not yet been satisfactorily elucidated. Von Auwers and Mauss ! 
regard it as intramolecular; Skraup and Poller* claim that it is not a true rearrangement 
at all, but that the ester is first split into phenol and acyl chloride which then react by 
means of a normal Friedel-Crafts synthesis. Rosenmund and Schnurr, however, consider 
that one mol. of ester reacts with a second, the acyl group in each case migrating to the 
other nucleus, thus yielding 2 mols. of hydroxy-ketone. More recently Baltzly, Ide, and 
Phillips * expressed the view that scission of the ester first takes place, with the formation 
of an acyl cation which then attacks the aromatic nucleus to yield the hydroxy-ketone. 

In the present work the rearrangement of o-tolyl acetate was carried out in nitrobenzene 
solution, titanium tetrachloride being used as catalyst. Under these conditions the reaction 
took place homogeneously and this allowed its mechanism to be studied quantitatively. 


I-XPERIMENTAL 

Materials,-The materials were purified by standard methods. 

Rearrangement of o-Tolyl Acetate.--The apparatus consisted of a three-necked flask. To 
one neck a reflux condenser was attached, and to another a graduated tube fitted with a tap, for 
the titanic chloride, The centre neck was fitted with a mercury seal and glass stirrer, and 
agitation was continued throughout each experiment. The usual precautions were taken to 
exclude moisture; all-glass apparatus is advisable. 

Nitrobenzene and o-tolyl acetate were introduced into the flask which was cooled in ice. 
The catalyst was then added gradually during 2 min, The reaction vessel was next placed in 
a thermostat, regulated to +0-1°. At the end of the requisite time the vessel was immersed 
in ice for a few minutes, the contents were then decomposed with 4N-hydrochloric acid and 
transferred to a separating funnel, and the flask was washed out with a further quantity of 
dilute acid, the washings being added to the former liquid. The mixture in the funnel was 
shaken and gradually separated into two layers, The lower, nitrobenzene layer was removed 
and washed twice with dilute hydrochloric acid. Next the combined aqueous layers were 


' Von Auwers and Mauss, Annalen, 1928, 464, 293. 

* Skraup and Poller, Ber., 1924, 67, 2033 

®* Rosenmund and Schnurr, Annalen, 1928, 460, 56. 

* Baltzly, Ide, and Phillips, J. Amer. Chem. Soc., 55, , 2522; cf. Hauser and Mann, /. Org 


Chem., 1952, 17, 300 
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shaken three times with ether, and the extract was added to the organic layer. This was 
shaken with 2n-sodium hydroxide until the alkaline extract had taken up all the 4- and 
2-hydroxy-3-methylacetophenone, together with the o-cresol, leaving any unchanged ester in 
the nitrobenzene layer. Apart from a little resin and traces of other products, no other 
compounds were formed in the reaction. The alkaline extract was then filtered, if necessary, 
from any titanium hydroxide, and the filtrate distilled with steam to remove ether and nitro- 
benzene. ‘The residual liquor from the distUlation was made acid with concentrated hydrochloric 
acid and steam-distilled, 2-hydroxy-3-methylacetophenone and o-cresol being driven over. The 
residue from the steam-distillation, which contained the p-hydroxy-ketone, was filtered through 
glass wool while hot to remove the resin, and the latter was further extracted with small 
quantities of boiling water. The product separated from the filtrate, on cooling, as colourless 
prisms; these were washed with a little water and dried to constant weight; the m. p. was 104°, 
The mother-liquid was then made up to a known volume, and to an acidified aliquot portion 
a slight excess of 2: 4-dinitrophenylhydrazine (3 g. per 100 c.c. of concentrated sulphuric acid) 
was added, This precipitated the 2: 4-dinitrophenylhydrazone of the p-hydroxy-ketone as red 
prisms, m. p. 276° (decomp.) (Found: N, 16-8. C,,H,,O,N, requires N, 17-:0%). Addition of 
the same reagent to the acidified steam-distillate precipitated the 2; 4-dinitrophenylhydrazone 
of the o-hydroxy-ketone, After 6 hr, it was filtered off, washed with dilute hydrochloric acid, 
and dried. It consisted of red plates, m. p. 252°. The filtrate was treated with excess of 
a solution of bromine in potassium bromide, and the precipitate of 4: 6-dibromo-o-cresol 
(OH 1) was filtered off after 1 hr., and dried. 

The ether was removed by distillation from the nitrobenzene portion, which was then 
boiled under reflux for 2 hr. with a few c.c. of ethanol and 250 c.c. of 2n-sodium hydroxide, The 
nitrobenzene was distilled off in steam, and the residual liquor acidified with concentrated 
hydrochloric acid and again steam-distilled. The distillate contained o-cresol formed by the 
hydrolysis of the unchanged o-tolyl acetate. The cresol was estimated as described above. 

The resinous product collected on the glass wool was extracted with acetone from which it 
was obtained by evaporation of the solvent (Found : M, cryoscopic in nitrobenzene and ebullio- 
scopic in acetone; mean, ca, 300), It was soluble in sodium hydroxide solution, 

Mixtures were made up containing known amoun s of the reaction components in similar 
concentrations to those found in the actual rearrangement experiments. The results obtained 
on analysis were reproducible to +2%, but were always lower, though never more than 4%, 
lower, than the theoretical values. This is satisfactory in view of the difficulties involved in 
the analysis. 

When solutions of titanic chloride in nitrobenzene were kept at 30° or more for a short time, 
a crust tended to be formed in the neck of the flask. In one such experiment where the titanium 
halide (0-1 mole) was dissolved in nitrobenzene (100 c.c.) this crust was forced into the liquid, 
o-tolyl acetate (0-1 mole) added, and the reaction allowed to proceed for 6 hr. at 30°, The 
yields of products formed by this method were very similar to those obtained by adding catalyst 
and ester simultaneously to the solvent, 

Action of Heat on a Mixture of Titanium Tetrachloride and Acetyl Chloride.Titanium 
tetrachloride (19-0 g., 0-1 mole) and acetyl chloride (7:45 g., 0-1 mole) were mixed at 0°, 
The yellow crystalline product was warmed slowly on the water-bath. The solid melted at 
about 20° and evolution of hydrogen chloride began at about 60°, The mixture first became 
red and liquid slowly began to distil over. A dark carbonaceous mass was formed in the flask. 
The bath was kept at the b. p. until no more liquid distilled; this consisted of acetyl chloride 
(3-—4 g.) 

In a similar experiment where the ingredients were dissolved in nitrobenzene (25 c.c.), 
the liquid became very dark and acetyl chloride (2 g.) was recovered by distillation, When 
titanic chloride (0-1 mole) and acetyl chloride (0-1 mole) in nitrobenzene (50 c.c,) were first 
heated at 50° for 7 hr. no acetyl chloride remained. Moreover, a number of rearrangements 
were carried out under different conditions, after which the resulting products were examined 
in order to ascertain if any acetyl chloride was present. In no case was its presence observed, 
Further, no acetyl chloride could be obtained by distillation from a nitrobenzene solution in 
which the titanic chloride-catalysed transformation of o-tolyl acetate had taken place, 

Action of Titanium Tetrachloride on 4-Hydroxy-3-methylacetophenone.—-Titanic chloride 
(0-1 mole) was added to the hydroxy-ketone (0-1 mole) in nitrobenzene (100 ¢.c.), After the 


* Cf. Klingel, Ber., 1885, 18, 2699 
* Cullinane, Lloyd, and Tudball, J., 1954, 3894, 
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solution had been heated for (a) 3 hr., (b) 48 hr., and (c) 3 weeks, at 30°, 99% of the 
ketone was recovered in every case. 

Effect of Addition of Acetyl Chloride in the Fries Rearrangement.—When acetyl chloride 
(0-025 mole) was added to o-tolyl acetate (0-1 mole), titanic chloride (0-2 mole), and nitrobenzene 
(100 c.c.), and the whole heated at 30° for 9 hr., the yields of 4-hydroxy-3-methylacetophenone 
and of o-cresol were 78% and 0% respectively. Without addition of the acyl chloride the yields 
were 75%, and 16%, respectively. 

When the ester (0-1 mole), catalyst (0:2 mole), and nitrobenzene (150 c.c.) were kept at 30° 
for 19 hr., the yields of p-hydroxy-ketone and o-cresol were 78%, and 13% respectiveiy. When 
a similar mixture was kept at 30° for 14 hr., then acetyl chloride (0-15 mole) added, and the 
reaction mixture kept at 30° for a further 5 hr., the yields were 87% and 0% respectively. 
Similar results were obtained in another experiment, where the components were mixed in the 
exact amounts which had previously been found to be present after 14 hr. at 30°, acetyl chloride 
was added in an amount equivalent to the o-cresol present, and the reaction allowed to proceed 
for a further 6 hr. 

Action of Titanium Tetrachloride on o-Cresol and Acetyl Chlovide.—Titanium tetrachloride 
(0-1 mole) was added to a mixture of acetyl chloride (0-1 mole) and o-cresol (0-1 mole) in nitro- 
benzene (60 c.c.), and the reaction carried out at 30° under the same conditions as when the 
ester (0-1 mole) was the initial material. The yield of the p-hydroxy-ketone so obtained was 
slightly (7%) greater than in the corresponding reaction where the ester (0-1 mole) was used in 
place of acetyl chloride (0-1 mole) and o-cresol (0-1 mole) (see Fig. 6). The c-cresol and ester 
present at the end of the experiment were, however, unchanged in amount. 

The following experiments were also carried out: (a) the catalyst (0-1 mole) was added at 0° 
to the creso] (0-1 mole) and the acyl chloride (0-1 mole) dissolved in nitrobenzene (100 c.c.), and 
the solution was kept at 30° for 6 hr.; (b) acetyl chloride (0-1 mole), titanic chloride (0-1 mole), 
and nitrobenzene (100 c.c,) were kept at 30° for 18 hr., whereupon o-cresol (0-1 mole) was added, 
and the whole kept at 30° for a further 6 hr.; (c) the reaction was carried out as in (b) except 
that the catalyst, acid chloride, and solvent were kept at 30° for 45 hr. before the o-cresol was 
added; (d) a similar reaction to (b) was carried out except that 4-hydroxy-3-methylaceto- 
phenone (1 g., 0-0067 mole) was added initially. The composition of the products resulting 
from these experiments was as follows : 


o-Tolyl acetate o-Cresol 4-Hydroxy-3-meth ylacetophenone 
16-0% 476%, 
30°8 36-5 
45-5 28-0 
40-3 20-0 


Catalyst-Ester Ratio of 1-5: 1.—-The following results were obtained when the molar ratio 
of catalyst to ester was 1-5 : 1, the temperature being 30° and the volume of nitrobenzene 150 c.c, 


4-Hydroxy- 2-Hydroxy- 
Time (hr.) o-Tolyl acetate o-Cresol 3-methylacetophenone 
4 16-4%, 198% 548%, 2-5% 
9 4-4 15-4 68-5 2-9 


DISCUSSION 


Solutions containing Titanium Tetrachloride and o0-Tolyl Acetate in a Molar Ratio 
of 1: 1.—(i) Reaction products. The reaction between titanic chloride and o-tolyl acetate 
in nitrobenzene solution was studied at 20°, 30°, 40°, and 60°. The progress of the reaction 
at a given temperature was followed by experiments carried out for different times. In 
Figs. la, 1b, and le, the concentrations of the main constituents of the reaction mixture 
(expressed as mole %, of initial ester) at 30° are plotted against time for a homogeneous 
solution obtained by dissolving o-tolyl acetate (0-1 mole) and titanium tetrachloride 
(0-1 mole) in nitrobenzene (50 c.c.). The results for 20°, 40°, and 60° fall into line (Figs. 
3a, 3b, and 3c). In addition to these main constituents small quantities of 3-methyl-2- 
hydroxy-, -2-acetoxy-, and -4-acetoxy-acetophenone and a resinous material were formed. 
Moreover, since the points obtained on these curves are the results of individual experiments, 
the smoothness of the curves is very good evidence that minute traces of impurities, such 
as water or hydrogen chloride, have no effect on the course of the reaction. 
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(ii) o-Tolyl acetate. It is seen that the ester disappears smoothly. At the higher 
temperature the acetate reacts completely and the rate increases considerably with rise in 
temperature (Fig. 3a). At 20° and 30°, however, the acetate gradually disappears until 
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there is 6—8°, left after which, within the accuracy of our experiments, there is no 
further change with time. 

The effect of a 3-fold change in the volume of nitrobenzene on the disappearance of 
o-tolyl acetate was examined at 30° and the results obtained are given in Fig. la. 
It is seen that the curves showing the disappearance of the ester are very similar at the 
three dilutions. Since the change in the concentrations of both ester and catalyst over 
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this range 1s 3-fold, this behaviour can only mean that the catalyst combines with the 
tolyl acetate immediately on mixing, and that the disappearance of the latter is due to the 
first-order reaction of this ester-catalyst complex. [If the rate-determining step for the 
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disappearance of ester were due to the second-order reaction between it and the titanic 
halide, or to a reaction between two molecules of ester-catalyst complex, this decrease in 
concentration would result in a 3-fold decrease in the initial slope of the reaction curve 
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(Fig. 1a) whereas it is seen that this decrease in concentration does not affect the shape of 
the reaction curve, within experimental error.| The same result was obtained at 40° for 
a 2-fold change in the concentration of acetate and titanic chloride. 

(iil) o-Cresol. The shape of the o-cresol curve (Fig. le) shows that the cresol is produced 
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directly from the tolyl acetate, since the slope of the curve is finite at zero time. Further, 
since this curve has a maximum, the cresol undergoes reaction into another compound 
(there is evidence that this is the p-hydroxy-ketone) which causes its concentration to fall 
again. The shape of this curve is typical for such consecutive reactions. This behaviour 
was observed at all the temperatures studied (Fig. 3c). 
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(iv) 4-Hydroxy-3-methylacetophenone. This ketone is produced at a finite rate at zero 
time (Fig. 15). This establishes that it results directly from the tolyl acetate-titanium 
tetrachloride complex (which is formed immediately at zero time) by an intramolecular 
change. If the whole of the ketone were produced from the o-cresol by an intermolecular 
reaction the slope of its concentration curve would be zero at zero time, since at that time 
the concentration of cresol is zero. This behaviour is found at all the temperatures 
studied (Fig. 35). 

(v) Conversion of o-cresol into 4-hydroxy-3-methylacetophenone. The fall in the o-cresol 
concentration after it had reached its maximum value (Fig. 1c) shows that it is subsequently 
converted into another compound. This product is presumably the ~-hydroxy-ketone, 
since in some cases we find that the concentration of the latter continues to increase after 
the tolyl acetate has completely disappeared but in the region where the cresol curve is 
still decreasing (Figs. 2a, 2b, and 2c). 

Variation in Titanium Tetrachloride-o-Tolyl Acetate Ratio.—Experiments were carried 
out for titanic chloride-o-tolyl acetate molar ratios of 0-5, 1, 2, and 3 at 30° and the 
results are shown in Figs. 2a, 2b, and 2c. From these the following points can be made. 
(4) An increase in the catalyst-ester ratio increases the rate of reaction and also the 
amount of p-hydroxy-ketone formed in the reaction as far as a catalyst—ester ratio of 2, 
after which further increase in the ratio has no effect on the rate of reaction or on the yields 
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of products, since the curves obtained for the ratios of 2 and 3 are almost identical. (6) 
As the catalyst-ester ratio increases, the rate of disappearance of o-tolyl acetate also 
increases until for ratios of 2 or more all the original ester undergoes rapid conversion into 
reaction products (Fig. 2a). (c) The fact that once the catalyst-ester ratio of maximum 
effect, t.¢., 2, is reached, the rate of disappearance of ester is almost unchanged for a further 
increase in catalyst-ester ratio, again shows that this disappearance is not due to a bimole- 
cular reaction between catalyst and ester, for, if such were the case, the change in ratio 
from 2 to 3 would markedly increase the rate of disappearance of the starting material. 
It shows, on the other hand, that the catalyst combines immediately with the ester and 
that it is the rate of decomposition of this complex which is measured. : 

With a catalyst-ester molar ratio of 1-5 the yields of p-hydroxy-ketone were inter- 
mediate between those obtained when the ratios were 1 and 2. 

Effect of Temperature.—The results of the experiments carried out at 20°, 30°, 40°, and 
60° for a catalyst-ester ratio of 1 are shown in Figs. 34, 3b, and 3c. It is seen that as the 
temperature rises there is a marked increase in the reaction rate. For this catalyst-ester 
ratio of unity, the ester disappears completely at 40° and 60°. The curves for this 
disappearance have been analysed by plotting the first-order relationship log, (mole %, of 
ester) against time, and in Fig. 4a the plots obtained at 40° and 60°, at which temperatures 
the ester reacts to completion, are shown. These curves show deviations from straight- 
line plots, but it is found that for the catalyst-ester ratios of 2: 1 and 3: 1, these plots 
approximate much more closely to straight lines. In Fig. 46, we give the second-order 
plots of 1/(mole %, of ester) against time for comparison with the first-order plots in Fig. 4a. 
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These second-order plots are very markedly curved, and this affords additional evidence 
to that given in an earlier section, that the disappearance of the ester is of first order. 
The first-order constants k (sec.~) have been obtained from the slopes of the first-order 
plots. In Fig. 5, log,’ is plotted against 1/7’, and the slope of this line gives an activation 
energy for the disappearance of o-tolyl acetate of 14-3 kcal. per mole. An alternative 
determination of the activation energy has been made with values of & calculated by the 
method of initial slopes (see Fig. 5), and the activation energy so obtained is 15-2 keal. 
per mole. The mean of these two values for the activation energy of the disappearance 
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of ester is 14-8 + 0-5 keal. per mole. In view of the complexity of this reaction, these 
methods of determining k are somewhat approximate. The best values will be those 
obtained from the initial slopes. 

Action of Titanium Tetrachloride on 4-H ydroxy-3-methylacetophenone. Experiments 
described above show conclusively that no reaction takes place between the catalyst and 
the hydroxy-ketone to form ester or cresol. 

Action of Titanium Tetrachloride on o-Cresol and Acetyl Chloride.—The reaction at 30° 
between a1: 1: 1 molar mixture of o-cresol, titanic chloride, and acetyl chloride, described 
above, is similar to the corresponding reaction between 0 tolyl acetate and the titanic 
halide (Fig. 6). At the earliest possible time of analysis the system behaves much as if 
the initial material were the ester. The close similarity of the two reactions shows that 
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hydrogen chloride has no effect on the reaction since, at the time represented by the first 
points on the curve, an amount of hydrogen chloride has been formed equal to 70 mole %, 
of the initial cresol. 

Although o-cresol is seen to be converted into the hydroxy-ketone during the reaction 
and, as shown above, the latter is not converted into o-cresol under the conditions of the 
reaction, nevertheless we find that about 15-20%, of the cresol does not react. This 
suggests that the acetylium ion disappears during the course of the reaction and that at the 
end none is left. That such is the case has been demonstrated, for attempts to recover it 
by distillation from a mixture of titanic chloride and acety! chloride in nitrobenzene show 
that very little or none of the acetyl chloride can be recovered from such mixtures. This 
result is not unexpected, for it is known’ that acetyl chloride reacts in the presence of 
aluminium chloride to form condensation compounds in some of which the aluminium is 
present in combination. 

Further experiments described above on the effect of added acetyl chloride show 
clearly that: (a) under conditions where it is certain that the acyl chloride is present 
no o-cresol is left at the end of the rearrangement; (b) mixtures of acetyl chloride and 
titanium tetrachloride react to a smaller extent with o-cresol the longer they are allowed to 
stand before the cresol is added; (c) the disappearance of acy! chloride is accelerated by 
the presence of the p-hydroxy-ketone, owing to its reaction with this compound, 

Mechanism of the Reaction.Any mechanism suggested to explain these results must 
take account of the following facts. (a) The titanic chloride combines instantaneously 
with the o-tolyl acetate, and it is the subsequent first-order reaction of this complex that 
is measured, (b) The o-cresol is formed directly from the o-tolyl acetate. (c) The 4 
hydroxy-3-methylacetophenone is formed directly from the o-tolyl acetate. (d) The 
o-cresol undergoes further reaction, presumably to the 4-hydroxy-3-methylacetophenone. 
(¢) The reaction rate increases with increase in the catalyst-ester ratio up to a value of 2, 
after which increase in the ratio has scarcely any effect. These results may be interpreted 
as in the annexed scheme, 
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Reaction (1) as shown is irreversible. Complexes of this type with Friedel-Crafts 
catalysts are known; ¢.g., titanic chloride forms a 1; 1 addition compound with pheny! 
acetate." Reaction (2) involves the scission of a carbon-oxygen bond by means of the 
titanic chloride. Compounds of type (I) are known to be readily prepared from phenol 
and titanium tetrachloride; ¢.g., phenoxytitanium trichloride, CgH,*O-TiCl,, was obtained 
in this way by Luchiinski and Altmann.® This reaction is shown as reversible because of 
our results on o-cresol, acetyl chloride, and titanium tetrachloride systems. It is at first 
sight surprising that, for a 1:1: 1 molar mixture of o-cresol, titanic chloride, and acety! 
chloride, the o-cresol should fall rapidly to about 17°, and subsequently rise to a maximum 
of about 25%, (see Fig. 6). This subsequent rise of 8°, we attribute to the continuous 
disappearance of acetyl chloride during the reaction. We have given evidence above 
for this disappearance in explaining the fact that o-cresol remains at the end of our 
experiments in spite of the irreversibility of the hydroxy-ketone formation. Reaction (3) 
is required by the observed fact that the hydroxy-ketone is formed at a finite rate at the 
start of the experiment by the first-order disappearance of the ester, and this observation 


’ Combes, Compt. rend., 1886, 108, 814; Ann. Chim. (France), 1887, 12, 204; Gustavson, /. prakt. 
Chem., 1888, 87, 100; Wedekind, Annalen, 1902, 282, 246 

* Cullinane and Lewis, unpublished work 

* Luchiinski and Altmann, 7. anorg. Chem., 1935, 226, 321 
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establishes that the migration of the acetyl group from the phenolic oxygen to the para- 
carbon atom can occur by an intramolecular process. This is further supported by the 
fact that for a 1: 1 catalyst-ester ratio, a three-fold change in the volume of solvent has 
very little effect on the initial slope of the curves in Fig. 1b. Reaction (4) is required to 
account for the conversion by an intermolecular process of the o-cresol or its derivative (1) 
into the hydroxy-ketone or its derivative (11), which would be hydrolysed subsequently 
to the hydroxy-ketone itself. 

The striking result that a maximum effect is observed for a catalyst-ester ratio of 2 
suggests that a more reactive 2: 1 catalyst-ester complex may be formed in the presence 
of excess of catalyst by attachment of catalyst at each of the two oxygen atoms of the ester. 
Further, the products of reactions (2) and (3) can take up a catalyst molecule in addition 
to that shown in the above scheme, owing, in the case of reaction (3), to the fact that the 
hydroxy-ketone has two possible points of attachment for catalyst, and in the case of 
reaction (2) to the fact that the acetyl chloride produced will form a complex with a mol. 
of catalyst to form CH,°CO* TiCl,~. It has been found that such a 1 ; 1 complex can be 
readily prepared from acetyl chloride and the titanic halide.!® 

Our results also show that in order to obtain the maximum yield of hydroxy-ketone 
sufficient catalyst and acyl chloride must be present 
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435. The Preparation of cycloPentenones from the Products of 
Stobbe Condensations with Aliphatic Ketones. 


By M. Extiorr. 


Condensation of alkyl methyl ketones with diethyl succinate in the 
presence of potassium ¢ert,-butoxide or sodium hydride gave mixtures of 
3-ethoxycarbonyl-4-methyl-alk-3-enoic (1) and -alk-4-enoic acids (Il), The 
acid chlorides of these compounds, on treatment with stannic chloride, gave, 
respectively, ethyl 3-alkyl-2-methyl-4-oxocyclopent-2-enecarboxylates (VII) 
and branched-alkylidenesuccinic anhydrides (VI). Hydrobromic acid in 
aqueous acetic acid decarbethoxylated the cyclopentenes and converted the 
anhydrides into paraconic acids; the last were decarboxylated to y-lactone- 
acid mixtures which were cyclodehydrated to cyclopent-2-enones, Some 
properties of the compounds synthesized, and analogous reactions with 
cyclohexanone, are discussed, 


2-ALKYL-3-METHYLcycloPENT-2-ENONES (VIII) and the correspondi,, 4-alkoxycarbony] 
compounds (VII) were required as intermediates in an investigation? of the relation 
between insecticidal activity and chemical structure in compounds related to the pyrethrins 
(for reviews of the chemistry of these insecticides, see Harper and Crombie *). 

Such cyclopentenones have been obtained (a) by the ring closure of 2 ; 5-diketones in 
dilute aqueous alkali; 4 (b) by Dieckmann-type cyclizations of ethylenic diesters ;* (¢) by the 


! Elliott, Needham, and Potter, Ann, Appl. Biol, 1950, 87, 490.; Elliott, Pyrethrum Post, 1951, 
2, No. 3, p. 18; J. Sei. Food Agric., 1954, §, 505 

* Harper, Ann. Reports, 1948, 45, 152; Crombie, Sct. ]. Roy. Coll. Sei., 1963, 23, 40. 

* (a) Wilds, J. Amer, Chem. Soc., 1942, 64, 1421; (6) Hunsdiecker, Ber, 1942, 76, 465; (c) Harper, 
]., 1946, 892; (d) Schechter, Green, and LaVorge, /. Amer. Chem. Soc., 1949, 71, 1617, 3165; (e) Crombie 
and Harper, /., 1950, 1152; (f) Crombie, Edgar, Harper, Lowe, and Thompson, ibid, Pp 3562; (g) 
Crombie, Harper, Stedman, and Thompson, /., 1951, 2445; (hj) Crombie, Harper, and Thompson, 
ibid., p. 2006; (1) Crombie and Harper, /., 1952, 869 

‘ Duden and Freydag, Ber., 1903, 36, 953; Staudinger and Ruzicka, Helv. Chim. Acta, 1924, 7, 
245; Treff and Werner, Ber, 1935, 68, 640; Werner, Fette u. Scifen, 1938, 45, 623 
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action of a mixture of hot phosphoric and formic acids on ally] vinyl and divinyl ketones ; ® 
and (d) by cyclodehydration of y-lactones.6 The route investigated here is related to (d), 
but suitably substituted 4-unsaturated acids (II) were synthesized and themselves sub- 
jected to direct or indirect cyclodehydration, instead of using the lactones derivable from 
these acids. The acids were made by Stobbe condensations with aliphatic ketones. 
Johnson and his co-workers 7 developed an analogous route with alicyclic and alicyclic- 
aromatic ketones. 

Preparation of Half-esters.—Methyl pentyl and hexyl methyl ketone, on condensation 
with diethyl succinate in the presence of potassium fert.-butoxide or sodium hydride, gave 
40-85", yields of mixtures of half-esters (I and IJ; R = Bu and C,H,,, respectively). 
No lactones (IX; R’ «= Et) or a6-unsaturated esters (II11) were found. The proportion of 
alkylidene (1) and alkenyl (11) compounds in the mixtures was estimated by comparing 
their intensities of ultraviolet-light absorption in the region 2150—2250 A with that of 
isopropylidenesuccinic acid (Amex, 2210 A, ¢ 9360, in EtOH); for diethyl isopropylidene- 
succinate, a substituted acrylic ester, Overberger and Roberts ® give max, 2195 A, ¢ 9200 
(in cyclohexane) (cf. Brande * and others #%). Since the alk-4-enoic acids (II) were relatively 
transparent to ultraviolet light, such determinations were sufficiently precise for inter- 
pretation of the results, 

Acetone gave a half-ester which was mainly the tsopropylidene compound (1; R = H). 
The proportion of A*-acid (II) was greatest from heptan-2-one and fell with longer alkyl 
groups. Half-esters with the highest attainable proportions of A*-acid (IT) were required, 
but the varying reaction conditions tried made little difference to the relative proportions 
of the isomers (1) and (II) in the distilled half-esters. 

In contrast, Stobbe ™ found with acetone that alteration in the ratio ketone: ester : 
odium ethoxide could give a variation of from 55%, of isopropylidenesuccinic acid to 47% 
of isopropenyl compound. Moreover, he deduced * that ketones with a methylene group 
flanking the carbonyl group (e.g., alkyl methyl ketones) would give mixtures containing 
diacids (produced by hydrolysis of the intermediate half-esters) mainly derived from 
compounds of type (IT) (see also Stobbe ; Stobbe ef al.; and Linstead and Mann). Here, 
on the other hand, it was found that the half-ester mixtures contained much more nearly 
equal quantities of the two types of isomer. 

Cyclization of the Half-esters.—Neither a refluxing solution of acetic acid and acetic 
anhydride containing a catalytic quantity of zinc chloride ™7 nor distillation from phos- 
phoric oxide ® gave acceptable yields of eyclopentenones from the half-esters. The best 
route was by the action of stannic chloride on the half-ester chlorides, prepared by the 
action of thionyl chloride in the presence of one molecular proportion of pyridine (cf. Cook 
and Lawrence }® and others 2) to avoid any risk of ring~chain tautomerism (cf. Chase and 
Hey 1”). Ethyl 4-oxoeyelopentenecarboxylates (VII) were formed from the half-ester 
chlorides (V), and branched-alkylidenesuccinic anhydrides (VI) from the isomers (IV), 
after two hours at 0°, but longer periods did not reduce the yields. No precautions to 


* Many papers by Nazarov ef al.; Hennion and Davis, J. Org. Chem., 1951, 16, 1289; Braude and 
Coles, /., 1952, 1430; Braude and Forbes, /., 1953, 2202; Islam and Raphael, ibid., p. 2247. 

* (a) Plattner and Pfau, Helv. Chim. Acta, 1937, 20, 1474; LaForge and Barthel, J. Org. Chem., 
1045, 10, 222; Frank, Armstrong, Kwiatek, and Price, ]. Amer. Chem. Soc., 1948, 70, 1379; Bowles, 
US.P. 2,623,071; Rai and Dev, Experientia, 1955, 11, 114; (6) Frank, Arvan, Richter, and Vanneman, 
]. Amer. Chem, Soc., 1944, 66, 4. 

' Johnson and Daub, “ Organic Reactions,” John Wiley and Sons, Inc., New York, 1951, Vol 
Vi p al 
* Overberger and Roberts, /. Amer. Chem. Soc,, 1949, 71, 3618 

* Braude, Ann, Reports, 1945, 42, 111 

” Eg, Ungnade and Ortega, /. Amer, Chem. Soc., 1951, 78, 1564; Adams and Van Duuren, tbid., 
1053, 75, 4631 

'! Stobbe, Ber, 1893, 26, 2312 

‘* Idem, Annalen, 1902, 321, 83. 

" Idem, ibid., 1894, 282, 280; Stobbe, Strigel, and Meyer, ibid., 1902, 321, 105; Linstead and Mann, 
J., 1930, 2064 

 Pieser and Hershberg, /, Amer. Chem. Soc., 1937, 69, 1028; Newman, tbid., 1938, 60, 1141. 

'* Cook and Lawrence, /., 1935, 1637 

* & ¢, Gerrard and Thrush, /., 1953, 2117. 

'’ Chase and Hey, /., 1052, 553. 
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remove remnants of thionyl chloride, pyridine, etc., were necessary (cf. Johnson **). Both 
products (VI and VII) had maxima at 2350 A (¢ 10,000—12,000). isoPropylidenesuccinic 
anhydride (VI; R = H) showed Amax, 2350 A (e 12,000), although the acid had Agay, 2210 A, 
and it was assumed that other anhydrides (VI; R = alkyl) would absorb similarly. One 
geometrical isomer of a-(1-methylheptylidene)succinic anhydride (VI; R = CsH,,) was 
obtained crystalline and had the expected maximum at 2350 A. 
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The cyclized products gave 2 ; 4-dinitrophenylhydrazones of the cyclic ketones (VII) in 
the yields to be expected from the relative proportions of the acids (1) and (I1) if no inter- 
conversion of isomers took place on preparation and cyclization of the acid chlorides, It 
was desirable to prove that the higher-boiling fractions were alkylidenesuccinic anhydrides 
(VI) and not oxocyclopentene-acids which should also show maximum absorption at 2350 A 
and produce 2 : 4-dinitrophenylhydrazones of the ethyl 4-oxocyclopentenecarboxylates on 
treatment with Brady’s ethanolic reagent. The intense absorption at 2350 A of the 
higher-boiling (anhydride) fractions and of isopropylidenesuccinic anhydride disappeared 
in the presence of alcoholic potassium hydroxide, whereas the spectra of the lower-boiling 
esters (VII) were substantially unchanged (but see below). It was assumed that half-ester 
potassium salts (XI; and/or isomers) were formed from the anhydrides in ethanolic 
potassium hydroxide, since Coulson and Kon ™ showed that the elements of ethyl alcohol 
were rapidly added to ethyl itaconate in sodium ethoxide solution. 


1# Johnson, “‘ The Formation of Cyclic Ketones by Intramolecular Acylation,” ‘‘ Organic Reactions,” 
John Wiley and Sons, Inc., 1944, Vol. II, p. 130, 
4” Coulson and Kon, J., 1932, 2568 
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Cyclization of unsaturated acid chlorides by Friedel-Crafts-type reagents has been 
widely used since its introduction by Cook and Lawrence.’® There are, however, few 
examples recorded of the preparation of monocyclic cyclopentenones in this way (see Craig 
and Witt; cf. Dahn*'), Hydrogen chloride was either spontaneously eliminated in the 
reaction or else was split out under the mild conditions of isolation from the reaction 
mixture, whereas refluxing with a reagent such as dimethylaniline has frequently been 
carried out to produce the «$-unsaturated ketone from the intermediate 6-chloro-ketones 
(cf. Cook and Lawrence **), The anhydrides were also primary reaction products, since the 
mixture produced was almost completely insoluble in sodium hydrogen carbonate solution 
before distillation. Treatment of the half-esters themselves with stannic chloride in benzene 
gave only lactones, presumably (IX; R’ = Et), and no ketones; concentrated sulphuric 
acid at 0” merely lactonized the half-esters, and at higher temperatures considerable 
charring, with evolution of sulphur dioxide, took place. 

Preparation of cycloPentenones.—When  2-alkyl-3-methyleyclopent-2-enones were 
required, the cyclization products were refluxed with a mixture of glacial acetic acid, 
constant-boiling hydrobromic acid, and water (3: 2: 1 by vol.) (cf. Johnson et al.*), The 
yield of dihydrocinerone (VIII; R = Bu) from heptan-2-one was 40% overall and of 
tetrahydropyrethrone (VIII; R = CsH,,) 34% overall; these yields compare favourably 
with those obtained by other methods cited above. The slightly lower yield of cyclo- 
pentenone from the half-esters derived from octan-2-one was related to the higher propor- 
tion of af-unsaturated ester (1; RK =C,H,,). The 2-octyl- and 2-decyl-cyclopentenones 
(VIII) were similarly obtained in adequate yield from undecan-2-one and tridecan-2-one, 
respec tively. 

On treatment with the decarboxylation mixture, paraconic acids (IX; R’ = H) were 
produced from the alkylidenesuccinic anhydrides present. Fittig and his co-workers, 
and Fichter and Rudin,™ showed that yy-dialkylparaconic acids (IX; R’ = H) eliminate 
carbon dioxide when heated, producing mixtures of unsaturated acids and lactones. 
{Whereas the products of Stobbe condensations with arylalkyl ketones are decarboxylated 
by hot aqueous mineral acids,™ the paraconic acid from cyclohexanone ** and compounds 
such as (LX; R’ «= H) lose carbon dioxide only on pyrolysis.| The paraconic acids were 
decarboxylated in this way and the acid-lactone mixture (X) was cyclized by distillation 
from phosphoric oxide to eyclopentenones (VIII) in yields as high as those obtained by 
using y-lactones synthesized by Reformatski reactions with esters of lavulic acids.® In 
this way both isomeric half-esters were used to afford cyclopentenones. 

The preparation of paraconic acids directly from the half-ester mixtures was also 
examined, but difficulty in obtaining solid acidic material was experienced: a refluxing 
mixture of aqueous acetic and hydrobromic acid was the best reagent. This behaviour of 
the acids (I and II) was in marked contrast to the ease with which the paraconic acid 
was produced from the half-ester (XII) derived from cyclohexanone; Johnson, Davis, 
Hunt, and Stork ** showed that this acid was formed quantitatively when the ester 
was warmed at 100° for 15—30 min. with concentrated hydrochloric acid. The best 
specimens of paraconic acids were obtained from the alkylidenesuccinic anhydrides present 
in the mixture with eyclopentene esters. 

Experiments with cycloHexanone and Acetone.—With diethyl succinate and potassium 
tert.-butoxide ** or sodium hydride, cyclohexanone gave a half-ester that was exclusively 
the eyclohexenyl (endocyclic) compound (XII) since it showed no intense absorption at 
21002300 A. The derived ester chloride gave a ketonic product on treatment with 
stannic chloride, 75% of which was tetrahydroindanone ester (XIII) and which furnished 


4: 5:6: 7-tetrahydroindan-l-one in 50% yield (41% overall) on acidic decarboxylation 


*” Craig and Witt, J. Amer. Chem. Soc., 1950, 72, 4925. 
*! Dahn, dlelv. Chim. Acta, 1951, 34, 1087. 
a a Goldman, and Schneider, J, Amer. Chem. Soc., 1945, 67, 1357. 
* Fittig, Ber, 1887, 20, 3179; Fittig ef al., Annalen, 1889, 266, 1, 275; Fichter and Rudin, Ber, 
1904, 37, 1610, 1615. 
* Johnson and Heinz, ]. Amer. Chem. Soc., 1949, 71, 2913. 
bd Joison and Hunt, idid., 1950, 72, 935. 
* Johnson, Davis, Hunt, and Stork, ibid., 1948, 70, 3021. 
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(previous methods had given only a small yield of indanone**), Dehydrochlorination 
with collidine *? after cyclization was not necessary, 

Ethyl 4-oxo-2-methyleyclopent-2-enecarboxylate,** the five-membered ring analogue 
of Hagemann’s cyclohexene ester,” could not be obtained by the action of stannic chloride 
on the acid chloride of the half-ester from acetone : only isopropylidenesuccinic anhydride 
(VI; R = H) was isolated. This was expected since the ultraviolet absorption indicated 
that the half-ester contained 84% of the isoalkylidene compound (1; R = H). 

Ethyl 4-Oxocyclopentenecarboxylates ; Properties and Derivatives.—These compounds 
were isolated from mixtures with alkylidenesuccinic anhydrides by extraction of ethereal 
solutions with 5°%, aqueous sodium hydroxide. They were identified as semicarbazones, 
or, preferably, as 2: 4-dinitrophenylhydrazones and were degraded by acid or alkali to 
cyclopent-2-enones. They showed the expected maxima at 2350 A (cf. Hagemann’s 
ester,?® Imax 2300 A, « 12,150); the ethoxycarbony! group therefore does not affect the 
position of maximum absorption of the «$-unsaturated ketonic chromophore, whereas the 
maxima of 4-acyloxy-2-alkyl- and 4-acyloxy-2-alkenyl-3-methyleyclopent-2-enones at 
2275 A are ca. 75 A nearer the vacuum-ultraviolet than those of the parent ketones.5/ 
oth absorption bands of the 2; 4-dinitrophenylhydrazones of the ketones (VII) and of 
those of the parent ketones (VIII) were at identical wavelengths. However, the main band 
of this derivative of the indanone ester (XIII) was at 3880 A (in CHCI,), whereas that of 
the parent ketone was at 3930 A. Mathieson’ reported a similar displacement and 
suggested that the 2: 4-dinitrophenylhydrazone was derived, not from (XIII), but from 
the isomer containing the double bond adjacent to the ester group. Since the semi- 
carbazone was derived from (XIII) (it showed a maximum at 2675 A) and the 2 : 4-dinitro- 
phenylhydrazone was orange-coloured, this relatively small hypsochromic effect is unlikely 
to be caused by the different position of the double bond, Mathieson’s infrared evidence on 
this point must, strictly, be related only to the parent ketones on which it was obtained. In 
ethanol, the intensity at 2200 A was not much greater for the 2: 4-dinitrophenylhydrazone 
of (XIII) than for that of tetrahydroindanone; an «$-unsaturated ester chromophore 
would have been expected to increase the intensity ¢ in this region by 5000-—10,000, The 
sharp melting point of the derivative made the presence of a mixture of isomers unlikely, 

The ethyl 3-alkyl-2-methyl-4-oxoeyclopent-2-enecarboxylates did not react with lead 
tetra-acetate under conditions in which an acetoxy-group was introduced when the ester 
group was adjacent to the carbonyl group.*® 

The amides (Amax, 2370 A) corresponding to the esters (VII) were obtained by the action 
of anhydrous ammonia in ethylene glycol (cf. Gordon, Miller, and Day ®") on the mixture 
of anhydride (VI) and ester (VII). Anhydrous methanolic ammonia, alone and in the 
presence of sodium methoxide,® aniline, or other primary and secondary amines merely 
cleaved the anhydrides and did not react with the ester groups of the ketones (VII). 

Ethyl 4:5: 6: 7-tetrahydro-3-oxoindane-l-carboxylate (XII) (max, 2370 A (e 8600), 
neutral} was at least partly isomerized to the a@-unsaturated ester (A!) [Amax, 2230 A 
(e 5720)| during three days in alcoholic potassium hydroxide. The keto-ester (XIII) 
itself was insoluble in sodium hydrogen carbonate, but had an equivalent of 544 on titration 
with alcoholic alkali; it was partly extracted from ether by 5%, aqueous sodium hydroxide. 
These results are consistent with migration of the double bond and salt formation under 
the influence of alkali, and the lower extinction coefficient at 2370 A indicated that the 
ester (XIII) itself may have contained some of its isomer. Mathieson ® gives infrared 
evidence which supports this. Analogously, on treatment with potassium hydroxide in 
ethanol! for 20 hours, the butyl derivative (VII; R su) (neutral, « 11,750 at 2350 A) 
showed Amax, 2350 A (ec 8170) and an inflexion at 2230 A (e 7570), due to the presence of 
some «@-ethylenic ester. 


27 Mathieson, J., 1953, 3251 

* Acheson and Robinson, J., 1952, 1127. 

* Hagemann, Ber., 1893, 26, 876 

* Laborge and Soloway, /. Amer. Chem. Soc., 1947, 69, 2932. 

44 Gordon, Miller, and Ay ihid,, 1949, 71, 1245 

* Russell, ibid, 1950, 72, 1853; Baltzly, Berger, and Rothstein, ibid., p. 4149 
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When the keto-esters and the derived amides were refluxed with aqueous alkali, the 
main products were alkali-soluble compounds that evolved carbon dioxide on being heated, 
to give the eyclopent-2-enones. These acidic compounds were probably 3-alkyl-2-methy1- 
4-oxocyclopent-l-enecarboxylic acids; as af-unsaturated acids, they would be expected 
to be stable to heat and to lose carbon dioxide only on isomerization to By-ethylenic com- 
pounds, that, here, were the cyclopent-2-enones (cf. Arnold, Elmer, and Dodson *). 

Aikylation of the related Hagemann’s ester probably proceeds via the salt of ethyl 
2-methyl-4-oxocyclohex-l-enecarboxylate.™*# Its 3-alkyl derivatives ** are six-mem- 
bered ring analogues of the keto-esters (VII). The yellow colours of the 5% aqueous 
sodium hydroxide extracts of ethereal solutions of mixtures of the anhydride (VI) and 
ester (VII) were attributed to traces of the sodium saits of the isomeric esters; they were 
not produced during the hydrolysis of the anhydrides (V1), since none was obtained ** 
from dimethylitaconic anhydride (VI; R =H) or from the y-hexyl analogue (VI; 
kk C,H,,) isolated in this work. 


EXPERIMENTAL 


M. p.s were determined on a Kofler block. Ultraviolet measurements (in EtOH, unless 
stated otherwise) were made on a Unicam SP 500 Quartz Photoelectric Spectrophotometer in 1 
mm. silica cells, It is recognized ® that at 2000-2300 A scattered light is particularly likely 
to affect the values of },,,,, and « and may even produce spurious maxima; spectroscopic data 
quoted here are therefore considered of quantitative use only when compared with other deter- 
minations in the same solvent, under identical conditions with the same instrument. 

Condensation of Ketones with Diethyl Succinate.—(a) With potassium tert.-butoxide in tert.- 
butanol, Potassium (4-73 g., 0-12 g.-atom) was added to fert.-butanol (120 ml.; dried over 
CaH,) with stirring, When the metal had been melted by warming, it was powdered by rapid 
stirring and was dissolved during 30-60 min. by cautious heating. To this solution a mixture 
of octan-2-one (redistilled, b. p. 169-—-170°, m\® 1-4162; 14-10 g., 0-11 mol.) and diethyl succinate 
(n\* 14207; 30-2 g., 0-17 mol.) was transferred with éert.-butanol (10 ml.). After refluxing 
vigorously for 10 min., the solution was cooled to 0° and most of the alcohol was removed at 
reduced pressure. The residue was diluted with water, and ethyl succinoylsuccinate and 
starting materials were removed by extraction with ether. After acidification with hydro- 
chloric acid, the liberated half-ester was taken up in ether and washed with water. Benzene 
was added and the solvents were removed at reduced pressure at 100° from the half-ester, which 
was thus dried azeotropically, The half-ester was diluted with benzene to 250 ml. in preparation 
for cyclization; distillation of 20 ml. of this solution gave a mixture of 3-ethoxycarbonyl-4- 
methyldec-3- and -4-enoic acid (1-806 g., 80%), b. p. 166--170°/2 mm., nP 1-4616, Agg,, 2220 A 
(ec 4660) [Cale. proportion of (I; R = C,H,,), 50%] (Found: equiv., 252-8. Calc. for 
C,H,,0,: 2563). A similar preparation gave a fraction, b. p. 143—-145°/1 mm., ni? 1-4644 
(Found; C, 65-4; H, 95. Cale. for C,,H,,0,: C, 65-6; H, 94%). 

’xtracting the etherea! washings of the condensation product before acidification with 5% 
sodium hydroxide solution, then drying and distilling the organic layer, led to recovery of 
diethy! succinate (7-8 g.). Acidification of the alkaline washings and extraction with ether 
gave ethyl succinoylsuccinate (0-9 g.; needles, m. p. 125-5—-127°, from ethanol; blue fluores- 
cence in solution; intense red colour with ferric chloride), 

When the condensation product was isolated by addition of acid and removal of the alcohol, 
subsequent extraction of the half-ester with sodium hydrogen carbonate sometimes gave a 
lower boiling fraction, b, p. 118--126°/0-05 mm., nf? 1-4323 (Found: C, 46-8; H, 7-6. Calc, 
for ethyl hydrogen succinate, n¥? 1-4327,C,H,,O,: C, 46-2; H, 6-7%). 

After a reaction period of 2 hr., the yield of crude half-esters from octan-2-one was 78%, and 


* Arnold, Elmer, and yg Amer. Chem. Soc., 1960, '72, 4359. 

* Dieckmann, Ber., 1912, 45, 2697 

** (a) Bergmann and Weizmann, J. Org. Chem., 1939, 4, 266; Schwenk and Bloch, J. Amer. Chem. 
Soc., 1942, 64, 3050; Smith and Rauoult, sbid., 1943, 66, 631; Miescher and Wieland, Helv. Chim. Acta, 
1950, 38, 1847, 2215; Stork and Burgstahler, /. Amer. Chem. Soc., 1951, 78, 3544; (b) Hogg, ibid., 
1948, 70, 161 

** Stobbe, Ber., 1908, 41, 3720 

*' Photoelectric Spectrometry Group Bulletin, No. 3, Oct., 1950; Bladon, Henbest, and Wood, 
/., 1962, 2737; Eglington, Jones, and Whiting, ibid., p. 2873; Bayliss and Brackenbridge, Chem. and 
Ind., 1955, 477; Brande, Fawcett, and Timmons, J., 1950, 1019 
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after 44 hours’ refluxing and 16 hours at room temperature was 72%, ; with sodium ethoxide in 
boiling ethanol, only 7:8% of the required product was obtained after 10 min, 

Similarly, heptan-2-one gave mixed 3-ethoxycarbonyl-4-methylnon-3- and -4-enoic acid 
(85%), b. p. 158—163°/2 mm., n¥ 1-4589 (Found : C, 63-3; H, 91%; equiv., 230-6, Calc. for 
Ci,H,,0,: C, 644; H, 92%; equiv., 242-3), d,,, 2220 A (e 3790) (Calc. proportion of 
(I; R = Bu), 41%). 

Tridecan-2-one, b. p. 136—140°/15 mm., gave mixed 3-ethoxycarbonyl-4-methylpentadec-3 
and -4-enoic acid (74%), b. p. 189—190°/0-5 mm., nm? 1-4644 (used for cyclization without 
purification), 2,,,,, 2250 A (e 5606) (Calc. proportion of (I; R = decyl), 60%}. 

cycloHexanone gave $-ethoxycarbonyl-f-cyclohex-1’-enylpropionic acid, b. p. 140--143°/0-1 
mm., mi* 1-4820 (Found: C, 63-7; H, 83%; equiv., 221-2, Cale. for Cy,H,,O,: C, 63-7; 
H, 80%; equiv., 226-3), by the procedure of Johnson, Davis, Hunt, and Stork.** No max, in 
region 2070—3000 A (eg935, 1140) and no difficulty in obtaining satisfactory analytical figures, 
as experienced by Mathieson,” was encountered. 

Acetone gave a mixture of 3-ethoxycarbonyl-4-methylpent-3- and -4-enoie acid, b. p. 
120—130°/2 mm., n¥ 1-4693, which crystallized on cooling and scratching to give solid, m. p. 
37—-40° (soften 30°) from light petroleum (b. p. 40-—-60°) ] (Found: C, 57-9; H, 7-7, Cale. for 
C,H,,0,: C, 58:1; H, 76%), Amex, 2220 A (e 7860) (Cale. proportion of (I; R = H), 84%]. 
Hydrolysis with aqueous sodium hydroxide gave isopropylidenesuccinic acid, m. p. 162—-163° 
(from water); Stobbe™ gives m. p. 161—162°. By distillation, or by the action of acetyl 
chloride, the anhydride, m. p. 42—43° (from carbon disulphide), was produced (lit.,% m. p, 44°) 
(Found : C, 60-7; H, 7-3. Calc. forC,H,O,: C, 60-0; H, 73%). 

(b) With potassium tert.-butoxide in ether. Potassium (20-6 g., 0-563 g.-atom) was dissolved 
in tert.-butanol; excess of solvent was removed by heating the mixture in vacuo and then adding, 
and distilling off, successive portions of benzene at reduced pressure, Heptan-2-one (20-3 g., 
0-256 mol.) and diethyl succinate (67-0 g., 0-385 mol.) were added dropwise during 1 hr. to a 
suspension of the salt in dry ether (500 ml.) at 0°. After 41 hr. at room temperature, hydro- 
chloric acid (50 ml.) in water (200 ml.) was added and the half-esters were extracted with 
saturated aqueous sodium hydrogen carbonate (13 ~ 100 ml.), liberated by acid, taken up in 
benzene, and dried azeotropically by removal of the solvent. They were then diluted to 250 
ml. in preparation for cyclization. Distillation of 10 ml, of this solution at 0-3 mm, gave 1-948 g. 
(79%) of the half-esters (I and II; R = Bu), b. p. mainly 140—141°, ni? 1.46290, 2,,,, 2100 
(ec 3690) (Calc. proportion of (I; R = Bu), 39%]. A portion redistilled for analysis had 
b. p. 145-—147°/0-4 mm., ni? 1-4606 (Found ; C, 64-3; H, 92%). 

Similarly, octan-2-one gave 89%, of a mixture of (I and Il; R = C,H,,), b. p. 142-—148°/0-5 
mm., #% 14592, (Au. 2220 A) (¢ 5190) (Cale. proportion of (I), 56%). 

(c) With sodium hydride. To a stirred suspension of sodium hydride (8-0 g., 0-3 mol,) in 
benzene (200 ml.) was added a small quantity of a mixture of heptan-2-one (19-0 g., 0-167 mol.) 
and diethy! succinate (81-7 g., 0-5 mol.) and then a few drops of ethanol. When reaction had 
started, the rest of the ketone and ester was added at such a rate that the reaction did not 
become too vigorous. After 1} hr. the evolution of hydrogen was very slow and the mixture 
was poured cautiously on ice and shaken. The benzene layer was separated and washed with 
water. All the aqueous phases were washed with ether and acidified; the liberated half-esters 
were taken up in benzene and dried azeotropically. The half-esters were diluted to 260 ml. 
with dry benzene in preparation for cyclization; distillation of 20 ml. of this solution gave 
2-47 g. of a mixture of (I and IT; R = Bu), b. p. 158--163°/0-6 mm., ni? 1-4589 (yield, 77%) 
(Found : C, 63-3; H, 91%). 

Similarly, octan-2-one gave the acids (I and IT; R = C,H,,), b. p. 160°/0-5 mm., nl? 1-4690, 
in 86%, yield. 

Undecan-2-one (17-0 g., 0-1 mol.), diethyl succinate (52-3 g., 0-3 mol.), and sodium hydride 
(4-8 g., 0-2 mol.) gave 73%, of a mixture of 3-ethoxycarbonyl-4-methyltridec-3- and -4-enoic 
acid, b. p. 176-—-178°/1-0 mm., n® 1-4601, 2... 2210 A (e 3813) (Cale. proportion of 
(I; R = octyl), 41%]. The crude ester was cyclized without purification, 

From an attempted condensation of acetone with diethyl succinate in the presence of 
sodium hydride, only ethyl succinoylsuccinate was isolated. 

Preparation of cycloPentenones.—-The procedures described above furnished the benzene 
solutions of the half-esters which were cyclized as follows, The concentrations of the solutions 
were determined by distillation of small aliquot parts 


** Fittig and Kfaft, Annalen, 1899, 304, 195, 
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(a) 3-Methyl-2-pentyleyclopent-2-enone, The half-ester (13-3 g., from condensation of 
octan-2-one in the presence of potassium fert.-butoxide in ether) in benzene (100 ml.) was 
treated with pyridine (4-16 ml.) and then redistilled thionyl chloride (3-74 ml.) at 0° for 30 min. 
The benzene solution of the acid chloride was decanted from the solid cake, which was then 
pulverized and washed by decantation with benzene. The acid chloride solution and washings 
were treated with stannic chloride (6-1 ml.) for 15 hr. at 0°; the benzene solution was then 
poured on ice and concentrated hydrochloric acid (30 ml.) and shaken: the colour lightened 
from dark red to pale brown, The benzene layer was separated and the aqueous phase washed 
with ether, The combined ether and benzene phases were washed with saturated sodium 
hydrogen carbonate. (Pine solids sometimes made separation of the phases difficult; if 
necessary, they were removed by filtration.) The washings were extracted with ether, and the 
combined organic layers evaporated, The crude mixture of (V and VI; R = C,H,,) was 
refluxed with glacial acetic acid (100 ml.), constant-boiling hydrobromic acid (66 ml.), and water 
(33 ml.) for 1 hr., during which carbon dioxide was evolved. The acidic mixture was cooled 
and poured carefully on sodium carbonate decahydrate (300 g.) in sufficient water to form a 
slurry. The ketone was extracted with ether after saturation of the aqueous layer with salt. 
After drying (Na,SO,) and evaporation of the solvent, distillation gave 3-methyl-2-pentyl- 
cyclopent-2-enone (3-28 g.; overall yield, based on octan-2-one, 35%), b, p. 120-—126°/16 mm., 
ni 14767. Acidification of the sodium hydrogen carbonate washings gave 4-78 g. (37%, based 
on octan-2-one) of crude paraconic acid (IX; R = C,H,,, R’ = H), m. p. 137—141° (from 
aqueous ethanol) [Found : equiv. (a) cold, 225-2, (b) by addition of excess of alkali, heating at 
100° for | hr., and back-titration, 115-3; C, 63-3; H,9-0%. C,H O, requires equiv., (a) 228, 
(b) 114; C, 63-1; H, 88%]. As shown below, the paraconic acid was pyrolysed to an acid— 
lactone mixture that was cyclized to the cyclopentenone in an overall yield of 31%. Hence 
total yield of ketone was 66%. The cyclopentenone was characterized as its semicarbazone, 
m, p. 176-5—177°, and 2; 4-dinitrophenylhydrazone, m. p, 122°, both m. p.s being undepressed 
on admixture with authentic samples (cf. Crombie e¢t al.*/), 

(b) 2-Butyl-3-methyleyclopent-2-enone was obtained similarly in overall yield of 40% (without 
allowance for ketone from paraconic acid), b. p. 110-—112°/15 mm., nf 1-4799 [semicarbazone, 
m. p. 188-5-—-189°; 2: 4-dinitrophenylhydrazone, m, p., 155—155-5°; m. p.s undepressed on 
admixture with authentic specimens (cf. Harper *)], 

(c) 3-Methyl-2-octyleyclopent-2-enone (obtained in overall yield of 31% from undecan-2-one) 
had b. p. 150--160°/12 mm. and gave a semicarbazone, m, p. 158—159° (slight softening at 
155°) (from ethyl acetate) (Hunsdiecker™ gives 159°) (Found: C, 684; H, 10-1; N, 16-5. 
Cale. for Cy,H,,ON,: C, 67-9; H, 10-3; N, 158%), and a 2: 4-dinitrophenylhydrazone, m. p. 
103--104° (from ethanol) (Found: C, 61-9; H, 7-0; N, 14:5. Cy H,,O,N, requires C, 61-8; 
H, 7-3; N, 144%). The pure ketone regenerated from the semicarbazone with oxalic acid 
had b, p. 122—~124°/1 mm., nP 14782, Age, 2350 A le 13,900) (Found: C, 80-7; H, 11-4, Cale. 
for C,,H,,0: C, 80-7; H, 116%). 

The paraconic acid obtained with the above ketone after decarboxylation of the cyclized 
half-esters was not completely extracted with sodium hydrogen carbonate from the ether 
solution of cyclopentenone and paraconic acid, It was isolated as a small fraction, b. p. 
190-220°/12 mm., on distillation of the cyclopentenone, in addition to material obtained by 
acidification of the sodium hydrogen carbonate extracts, 

(d) 2-Decyl-3-methyleyclopent-2-enone, obtained in 26% yield from tridecan-2-one, boiled 
mainly at 131 —142°/0-:09 mm. The paraconic acid (IX; R = decyl, R’ «= H) was not 
extracted from ether by saturated aqueous sodium hydrogen carbonate and was obtained as a 
high-boiling fraction, b. p, 180-—-190°/0-09 mm.,, on distillation of the ketone, An additional 
18% of ketone was obtained from the paraconic acid (total yield of cyclopentenone, 44% ; 
all yields cale, on tridecan-2-one), Its semicarbazone (from ethanol) had m. p. 152—153°, softening 
at 120° (Found; C, 70-0; H, 10-8; N, 145. C,,H,,ON, requires C, 69-6; H, 10-7; N, 14-4%), 
and its 2: 4-dinilrophenylhydrazone, orange-red crystals (from ethanol), had m. p. 100°, softening 
at 90° (Found: C, 62-9; H, 7-6; N, 13-6, C,y,H,,O,N, requires C, 63-4; H, 7-7; N, 13-5%). 
rhe pure ketone regenerated from the semicarbazone had b. p. 124-—126°/0-5 mm., ni 1-4770, 
nav, 2350 A (e 13,000) (Found; C, 81-8; H, 12-0. C,,H,,O requires C, 81-3; H, 11-9%). 

(ce) 4: 5:6: 7-Tetvahydvoindan-l-one, The acid chloride of the half-ester from cyclo- 
hexanone was treated with stannic chloride, by the usual procedure, but with reaction for only 
75 min, at room temperature. The product was decarboxylated to 4:5: 6: 7-tetrahydro- 
indan-l-one, b. p. 114—116°/10 mm., nif 1-5199 (yield, 41% based on cyclohexanone). Only 
a very small quantity of solid paraconic acid (Found : equiv., 201. Calc, for C,gH,,O,: equiv., 


A 
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198-2) was isolated from the sodium hydrogen carbonate extract. The ketone was identified as 
the 2: 4-dinitrophenylhydrazone, m. p. 232—-233° (Frank and Pierle * give n® 1-5200, and 
2: 4-dinitrophenylhydrazone, m. p. 228° (Found: C, 57-0; H, 51; N, 17-7, Cale. for 
CysH ON, : C, 57-3; H, 6-1; N, 17-2%). 

Products of Cyclization of the Half-ester Chlorides with Stannic Chloride.—-(a) Heptan-2-one. 
The mixed half-esters from heptan-2-one (I and IJ; RK = C,H,,) (31-9 g.) in benzene (240 ml.) 
were converted into the acid chlorides with pyridine (10-7 ml.) and thionyl chloride (8-7 ml.), 
as previously described. The acid chlorides were cyclized with stannic chloride (15-5 ml.) for 
65 min. (A, 50%), for 24 hr. (B, 25%), and for 48 hr. (C, 25%). The proportions indicated were 
removed and worked up as described for the preparation of cyclopentenones after the above 
reaction periods, No material soluble in sodium hydrogen carbonate was found. Next morning 
the once distilled product from A (b. p. 123-—145°/1 mm., nm} 1-4750-—-1-4802) had darkened 
slightly and smelt of hydrogen chloride. It was washed, in ether, with sodium hydrogen 
carbonate and distilled again as one fraction [),,,, 2350 A (£}%, 505) or 2350 A (21%, 295) in 
0-15% alcoholic potassium hydroxide}, Distillation gave fractions (the data being b. p./0-12 
mm.; wt.; ni?; equiv. by titration in ethanol with 0-0832N-potassium hydroxide; analyses 
for C and H): (a) 105—108°; 1-98 g.; 1-4772; 1362; 69-4; 8-7; (b) 108—110°; 2-64 g.; 
1-4781; 795; 68-5; 83; (c) 11O—115°; 1-08 g.; 14791; 467; (d) 115—118°; 2-50g.; 14819; 
237; 67-9; 8-4; (e) 118—120°; 2-10 g.; 1-4832; 199; (f) 120-—-125°; 0-83; 14823; 194; 67-4; 
8-8. The fractions were mixtures of ethyl 3-butyl-2-methy!-4-oxocyclopent-2-enecarboxylate 
(Calc. for C,,H,O,: C, 69-6; H, 90%) and the two geometrical isomers of y-methyl-y- 
pentylitaconic anhydride (Cale, for C,,H,,0,: C, 67-3; H, 82%). The eyclopentenone was 
isolated by exhaustive extraction of the combined fractions (a—f, 9-8 g.) in ether, with aqueous 
sodium hydroxide. The colourless, neutral liquid obtained (4:34 g.) had b. p. 106-—-110°/0-5 
mm., #\° 14758, Amey, 2360 (€ 11,750); and ,,,, 2360 A (e 8170) [Ay~ 2200 A (e 7580)) after 
20 hr. in alcoholic potassium hydroxide (Found: C, 70-0; H, 94%). Decarbethoxylation of 
this cyclopentenone (2-43 g.) with boiling acetic acid (15 ml.), constant-boiling hydrobromic acid 
(10 ml.), and water (5 ml.) gave 1-44 g. (87%) of 2-butyl-3-methyleyclopent-2-enone, identical 
with the ketone described above. 

Portions B and C gave fractions identical with those from A. E}%, values at Ag, 2360 A 
were determined for the following fractions from B in neutral (N) and alkaline (Alk) solution : 
(a) N, 484; Allk, 348; (c) N, 438; Alk, 304; (c¢) N, 432; Alk, no max. Decarboxylation of the 
cyclopentenone—anhydride mixture (5-37 g.) from B in the usual way gave 1-44 g. of 2-butyl-3- 
methyleyclopent-2-enone, b. p. 108-—-112°/12 mm., corresponding to 40% of the keto-ester in 
the cyclized product. From C (5-89 g.) there was obtained the bright red ethyl 3-butyl-2- 
methyl-4-oxocyclopent-2-enecarboxylate 2: 4-dinitrophenylhydrazone (3:25 g.), m. p, 82-83” 
(from ethanol) (Found: C, 55-6; H, 65; N, 13-9. C,,H,O,N, requires C, 56-4; H, 6-0; 
N, 13-9%). This yield indicated 30% of ketone in the mixture. 

(b) Octan-2-one. Similarly, there was obtained from the half-esters (I and II; R « C,H,,) 
derived from octan-2-one a mixture of ethyl 2-methyl-4-ox0-3-pentylcyclopent-2-enecarbowxylate 
fb. p, 103-—106°/0-03 mm., nv 14745, Ange 2350 A (e 10,950) (Found: C, 70-0; H, 9-2. 
CigHy,O, requires C, 70-6; H, 9-4%))], and y-hexyl-y-methylitaconic anhydride (mixture of 
isomers) [b. p. 124—127°/0-02 mm., n¥ 1-4859, 2... 2350 A (e 11,940) (Found: C, 68-4; H, 8-9, 
Cale, for C,,H,,0O,: C, 68-5; H, 8-6%)). The 2: 4-dinitrophenylhydrazone of the keto-ester 
(prepared in ethanolic hydrogen chloride) had m_ p, 9899-5” (red needles) before recrystallization 
(Found: C, 57-3; H, 5-9; N,13-6%). Recrystallization from ethanol gave orange needles, m, p, 
122—-123°, dae 2576, 3850 A (e 17,200, 28,360, respectively) (Found ; C, 57-7; H, 63; N, 12-6, 
CaoH,.O,N, requires C, 57-4; H, 6-2; N, 13-4%). [Tetrahydropyrethrone 2: 4-dinitrophenyl- 
hydrazone, which contains the same chromophore, had >,,,, 2575, 3850 A (e 19,600, 29,900, 
respectively)}, When the orange and the red form of the 2: 4-dinitrophenylhydrazone were 
melted side by side, the red form melted at 95-5-—98°, became orange and resolidified to melt at 
120° with the orange crystals. Cooling, reheating to 100°, and cooling again produced a single 
mass of orange crystals only, m. p. 119-5—121-5°. The orange and the red crystals were there- 
fore different forms of the same substance. The semicarbazone of the keto-ester separated 
after 3 days from alcohol-pyridine; it had m. p. 115-—-117° (Found: C, 60-5; H, 865; N, 141. 
CysHy,O,N, requires C, 61-0; H, 85; N, 142%), Age, 2650 A (e 23,630); for other semi 
carbazones with the same chromophore, Crombie and Harper ™ record i.., 2650 A (e 20,000 
25,700). 


* Frank and Pierle, J]. Amer. Chem, Soc., 1961, 78, 724. 
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When the mixture of anhydrides was cooled, one isomer crystallized; this had m. p. 53-5° 
(from light petroleum (b. p. 40—60°)], Ama,. 2350 A (e 12,640), no intense absorption in alcoholic 
potassium hydroxide (¢y5,, 2545) (Found: C, 68-4; H, 88%). Acidification of the 5% aqueous 
sodium hydroxide extracts from an ethereal solution of an anhydride fraction, ni? 1-4851, 
gave a geometrical isomer, m. p. 119—123° (softening at 114°) (from benzene), Ay, 2250 A 
(e 8730) (Found: C, 63-1; H, 88%; equiv., 113-1. Calc. for y-hexyl~y-methylitaconic acid, 
Cygll yO, : C, 63°7; H, 86%; equiv., 1141). The acid slowly decolourized bromine in carbon 
tetrachloride. 

The same (m. p. and mixed m. p.) crystalline anhydride was obtained (a) by heating the 
mixture of acids obtained by alkaline hydrolysis of the half-esters (I and Il; R = C,H,,) to 
250° and then distillation, and (b) by the action of acety] chloride on this acid mixture. With 
ammonia in anhydrous methanol at 0° the anhydride gave ammonium 3-carboxyamino-4- 
methyldec-3-enoate (and /or isomers), m. p. 135-5° (softens at 115°), Ay... 2200 A (6960). (Found : 
C, 692; H, 4; N, 94. CygHO,N, requires C, 569-2; H, 99; N, 116%). When the 
anhydrides were mixed with aniline in a little methanol, heat was evolved and a solid separated. 
After being washed with benzene and dried (P,O,), it had m, p. 117° (softening at 90°), Amey 
2370 A (e 19,400) (Found: C, 71-2; H, 8&3; N, 46. C,,H,,O,N requires C, 71-3; H, 8-3; 
N, 46%); it was the amlic acid from y-hexyl-y-methylitaconic acid. 

(c) cycloHexanone. The acid chloride, prepared in the usual way from the half-ester 
(11-47 g.), pyridine (4-1 ml.), and thionyl chloride (3-65 ml.), was cyclized for 75 min, at 20° with 
stannic chloride (6-0 ml.), Working up as usual gave a yellow liquid (8-60 g.), b. p. 116-—-140°/0-2 
mm., #? 16077 (Found: equiv., 544), Ethyl 4:6: 6: 7-tetrahydro-3-oxoindane-\-carboxylate 
(1-15 g., equivalent to 45% of the keto-ester in the cyclized material), b. p. 119-—~-126°/0-2 mm., 
n\® 15042, was isolated from the neutral layer when the crude cyclized material (2-63 g.), in 
ether, was washed with 5% aqueous alkali (Found: C, 69-2; H, 82. C,,H,,O, requires C, 69-2; 
H, 7-7%). This ester had d,,, 2370 A (e 8600), with a slight inflexion at 2190 A (e+ 
6370), and in alcoholic potassium hydroxide A,,,, 2190 A (¢ 5720), with an inflexion at 2370 
A (e;,, 2140) after 3 days at 20°. The 5% aqueous sodium hydroxide extracts were strongly 
acidified with hydrochloric acid and boiled for 1 hr, Addition of 2 : 4-dinitrophenylhydrazine 
precipitated the 2: 4-dinitrophenyldrazone of tetrahydroindanone, identified by its m. p. 
and mixed m, p. 

The once distilled cyclized material gave a 75% yield of the 2: 4-dinitrophenylhydrazone of the 
keto-ester (prepared in ethanolic hydrogen chloride), m. p. 171--172° (orange needles from ethanol ; 
Mathieson * gives m. p. 171—172°) (Found; C, 66-5; H, 5-2; N, 14-3. Calc. for C,,H,,O,N, : 
C, 65-6; H, 62; N, 149%), Amex 2180, 2550, 3820 A (e 16,800, 18,600, 31,100 respectively), 
but 2600, 3880 A (¢ 17,500, 28,450, respectively) in CHCIl,. The 2: 4-dinitrophenylhydrazone 
of 4: 5: 6: 7-tetrahydroindan-l-one had d,,, 2210, 2550, 3875 A (e 12,900, 15,600, 24,000, 
respectively) but 2600, 3940 A (e 17,600, 27,400, respectively) in CHCI,. 

The semicarbazone of the keto-ester had m, p. 186-—-190° (needles from ethanol) (Found ; 
C, 68-4; H, 71; N, 16-9. Cale. for C,,H,O,N,: C, 68-8; H, 7-2; N, 158%), Amer, 2675 A 
(ec 25,740) (Mathieson ® gives m. p, 192—193° and 3,,,., 2670 A, « 25,500). 

3-Butyl-2-methyl-4-oxocyclopent-2-enecarboxyamide.—-A suspension of the once distilled, 
mixed cyclization products (VI and VII; R = Bu) from the half-esters derived from heptan-2- 
one (30°7 g), in redistilled ethylene glycol (100 ml.), was saturated with ammonia and set aside 
at 0° for 10 days. The amide (12-1 g.) was separated by filtration, washed with ether and water, 
and recrystallized from water as colourless needles, m, p. 133° (Found: C, 67-6; H, 8-6; N, 7-5. 
C,,H,,O,N requires C, 67-7; H, 8-8; N, 72%), Amay 2385 A (e 10,900). 

The amide (2-0 g.) was boiled with potassium hydroxide (4-0 g.) in water (40 ml.) for 8 hr. 
until there was no further evolution of ammonia; the yellow alkaline layer was saturated with 
salt and extracted with ether. The ethereal extracts, when washed with hydrochloric acid 
and water and dried, gave dihydrocinerone (VIII; R = Bu) (0-176 g.). The alkaline layer, 
on acidification, gave a yellow oil that was isolated with ether and on distillation gave more 
dihydrocinerone (1-072 g.), after evolution of gas had ceased, The total yield of ketone, 
identified as usual, was 80%. 

2-Methyl-4-oxo0-3-pentylcyclopent-2-enecarboxyamide was obtained similarly as colouriess 
needles, m. p. 136-5° (from benzene), A,,, 2375 A (ec 11,680) (Found: C, 684; H, 8-8; 
N, 67. C,,H,,O,N requires C, 68-8; H, 9-2; N, 6-7%). 

Pyrolysis of Paraconic Acids._-y-Hexyl~y-methylparaconic acid (IX; R = C,H,,, R’ = H) 
(3-59 g.) was heated to 250-—280° for 70 min. with a trace of potassium hydrogen sulphate. 
Distillation then gave a colourless mixture (81%) of y-methyl-y-decanolactone and related acids 
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(partly soluble in aqueous sodium hydrogen carbonate) (2-31 g.), b. p. 103—107°/1-0 mm., n? 
1-4557 (Found: C, 70-8; H, 10-5, Cale. for C,,H,O,: C, 71-1; H, 10-09%). For y-methyl-y- 
decanolactone, Frank, Arvan, Richter, and Vanneman™ record b. p, 120-—-125°/4—6 mm., 
n® 1-4487. 

: This mixture (1-49 g.) was heated slowly with phosphoric oxide (1-3 g., 1-1 mol.) until liquid 
(0-89 g.; b. p. 136—140°/25 mm., nl? 1-4779) had distilled. From this was obtained the 
2: 4-dinitrophenylhydrazone of tetrahydropyrethrone (VIII; RK = CyH,,) (bl g.; m. p. 
after recrystallization from EtOH, and mixed m. p., 122°), equivalent to an overall yield of 
ketone, based on paraconic acid, of 38%. 

y-Methyl-y-undecylparaconic acid (IX; R = decyl, R’ = H) (5-64g.) was heated with a trace 
of potassium hydrogen sulphate for 110 min. at 230-—-260°. Distillation of the residue gave a 
mixture of y-methyl-y-tetradecanolactone and related acids (4-91 g.; b, p. mainly 143-——157°/0-09 
mm.). Without further purification, this (3-34 g.) was heated slowly with phosphoric oxide 
(2-20 g.) until crude 2-decyl-3-methyleyclopent-2-enone (1-79 g; b. p, 140°/0-08 mm., ni? 1.4742) 
had distilled The ketone was purified via the semicarbazone described above; the yield was 
1-21 g., and the m. p. and mixed m. p. were 152-153”. 
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436. The Structure and Mechanism of Formation of the Polymer 
obtained from cycloPropane by Mercury Photosensitisation. 


By K. J. Ivin. 


The low polymer formed as the main product of the mercury-photo 
sensitised reaction of cyclopropane has been examined by infrared absorption 
spectrometry and other methods, The polymer contains one methyl group 
for every 3-5 carbon atoms and probably not more than 1:25 methylene 
groups for every methyl group, Between 30% and 50% of the polymer 
molecules made at room temperature are unsaturated, the greater part of the 
unsaturation being due to vinyl groups. The remaining molecules appear to 
contain a ring structure of five carbon atoms, Neither cyclopropane nor 
propene was polymerised by alkyl radicals at room temperature. 

The spectrum of the polymer partially resembles that made by the 
mercury-photosensitised polymerisation of propene but does not closely 
resemble that of polymers made from propene by other methods, Mass 
spectrometric evidence was obtained for the setting-up of a low steady-state 
concentration of diallyl, The proposed mechanism involves the initial 
formation of diallyl and other olefins, followed by addition of excited eyclo 
propane molecules or trimethylene diradicals at the olefinic linkages. Three 
competing addition processes are postulated, resulting in the formation of a 
higher olefin, a ring structure, or a n-propy! group respectively. 


Tue formation of an involatile oil by the action of mercury resonance radiation (2687 A) 
on a mixture of cyclopropane and mercury vapour was first noted by Harris, Ashdown, and 
Armstrong.’ The kinetics of this mercury-photosensitised reaction and the nature of the 
product were further investigated by Gunning and Steacie,* and by Scott and Gunning.* 
However, the mechanism proposed by these workers involves the opening of successive 
cyclopropane rings by the attack of a propagating alkyl radical. In view of the known 
immunity of the three-membered carbon ring to attack by hydrogen atoms,’ chlorine 
atoms,‘ and radicals,® this mechanism cannot be accepted. 

Scott and Gunning * showed that the molecules of polymer prepared at 30° had molecular 


weights distributed about a most probable value of 222. From this it is evident that the 


1 Harris, Ashdown, and Armstrong, /. Amer. Chem. Soc., 1936, 68, 852. 
* Gunning and Steacie, J. Chem, Phys., 1949, 17, 351 

Scott and Gunning, J. Phys. Chem., 1952, 56, 156 

Roberts and Dirstine, /. Amer. Chem. Soc., 1946, 67, 1241 

lammond and Todd, iid., 1954, 76, 4081; and present work 
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reaction must proceed via intermediates more reactive than cyclopropane itself, but we 
have seen above that these are unlikely to be radicals. 

The purpose of the present work has been to make a closer examination of the polymer, 
particularly of its infrared absorption, with a view to obtaining further evidence on which 
to base a more convincing theory of the mechanism. 


RESULTS 


Attempted Polymerisation of cycloPropane by the Action of Alkyl Radicals at Room 
lempevature.—Although it appeared unlikely that the polymerisation could proceed by a 
radical-chain mechanism, it was thought desirable to check this by generating alkyl radicals in 
the presence of cyclopropane, 

The following compounds were used as sources of alky] radicals : acetone, dimethylmercury, 
diethyl ketone, diethylmercury, and diisopropy! ketone. Up to 50 mm. of the vapour of one of 
these compounds was mixed with 200—300 mm. of cyclopropane in a 10 cm. quartz cell at room 
temperature, normal vacuum-technique being used, and alkyl radicals were then generated by 
the action of ultraviolet light from a hot mercury arc, In no case did the pressure—time curves 
indicate the occurrence of polymerisation even though in most cases the radical source had 
largely decomposed, Similar results were obtained when the cyclopropane was replaced by 
propene. Thus neither the mercury-photosensitised polymerisation of cyclopropane nor that of 
propene can be regarded as radical-chain reactions at room temperature, It was also found 
by infrared analysis that the C, hydrocarbons produced in the photolysis of diisopropyl ketone 
contained at least 60% of propene, a result which would not have been obtained had much of 
the propene undergone secondary polymerisation. 

The addition of methyl radicals to propene has been shown to occur at temperatures well 
above room temperature,’ but the reaction has an energy of activation of about 6 kcal./mole and 
evidently does not occur readily at room temperature. 

Lvidence for the Presence of Radicals during the Mercury-photosensitised Reactions,—It is well 
established that molybdenum oxide becomes blue in the presence of hydrogen atoms and alky! 
radicals.* This test was applied to the mercury-photosensitised polymerisation of cyclopropane 
and propene severally at 100 mm, and room temperature. The molybdenum oxide became blue 
at about the same rate in the two cases, namely, about one-fifth of that observed when the cell 
was filled with hydrogen at 100 mm. and irradiated, Thus, although radicals are produced in a 
fairly efficient manner, they do not propagate a polymerisation chain and must disappear by 
some other means, 

The Infrared Absorption of the Polymer: General Description.—The spectrum of the polymer 
made at room temperature is shown in Fig. 1. Slight changes occur in the 1125 cm. region 
when the polymer is stored or subjected toa vacuum, Most of this change is due to the removal 
of small amounts of volatile constituents. On one or two occasions a substantial peak appeared 
at 675 cm.~“!, apparently due to some secondary product, The volatile polymer formed only 
a few per cent of the total, but sufficient was separated to obtain the spectrum of a thin film; 
this is shown in Fig. 1, There is quite a close resemblance to the spectrum of a thin film of the 
involatile polymer, 

rhe infrared spectrum of the involatile polymer was independent of the pressure of cyclo- 
propane (200—-400 mm.), the incident intensity (factor of 2), and the period of irradiation 
(factor of 3), This was to be expected from the known constancy of the quantum yield (0-136) 
under these conditions.*. When the surface of the reaction vessel adjacent to the lamp was 
horizontal and above the lamp, the polymer formed after prolonged irradiation (several days) 
howed an additional peak at 1710 cm.~!: this appears to be caused by secondary photochemical 
reactions of the oil deposited on the horizontal surface and will not be considered further. 

The two most striking features of the spectrum are, first, the complete absence of absorption 
at the frequency (725 cm.) characteristic of a polymethylene chain containing more than three 
methylene groups;* and, secondly, the intense absorption at 1370 cm.~! which can only be 
ascribed to the presence of methyl groups. Further, the fact that there is no splitting of this 
peak indicates that most of the methyl groups are attached to separate carbon atoms, while the 
absence of a peak at 1130-1115 cm, indicates that few of the methyl groups are attached to 


* Gunning and Steacie, J. Chem. Phys., 1048, 16, 926; 1046, 14, 57. 
’ Mandelcorn and Steacie, Canad. ]. Chem., 1954, 32, 474. 

* Melville and Robb, Proc. Rey. Soc., 1949, A, 196, 479. 

* McMurry and Thornton, Analyt. Chem., 1952, 24, 318. 
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adjacent carbon atoms. Estimates given below indicate that methyl groups may account for 
nearly one-third of the carbon atoms. The structure of the polymer thus appears to be more like 
polypropene than polymethylene. 

Other important features of the spectrum are the presence of strong peaks at the frequencies 
characteristic of vinyl groups [3070, 1830 (overtone), 1645, 992, 910 cm.™) and possibly of other 
olefinic groups (967, 890 cm.~!) and n-propyl groups (740 cm.“). An examination of the 
3000 cm. C~H stretching band under higher disperion (lithium fluoride prism) revealed no 
further bands and it is concluded that cyclopropy! groups, which are normally characterised ” by 
two bands at 3023 + 12 and 3090 +. 12 cm."|, are absent. 

Further Evidence on Unsaturation.—Scott and Gunning ® reported that the polymer did not 
take up bromine, but nevertheless the infrared spectra of some of their polymer fractions seem 
to indicate the presence of olefins. It was therefore desirable to obtain further evidence on this 
point, 

The total olefin content of the polymer was estimated in three ways : first, by the uptake of 
hydrogen; secondly, by bromination; and, thirdly, from the intensities of the infrared 


Fic. 1. Absorption spectrum of polymer made from cyclopropane 
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absorption bands. In addition, the hydrogenated polymer was recovered and its spectrum 
provides further evidence, 

Hydrogenation. 2-60 x 10% Mole of polymer {average mol. wt. 230 4 4) took up 
0-88 « 10 mole of hydrogen in 1-33 hr., correction being made for a slow uptake of hydrogen 
after the main reaction, This means that only 35% of the polymer molecules prepared at room 
temperature contain an unsaturated group. If no correction is made for drift and the hydrogen 
uptake measured after 16 hr., this figure is raised to 43%. The 1830, 992, and 910 cm.“ peaks 
were completely eliminated on hydrogenation (2 hr.), There was a small residual peak at 
1645 cm.“! and a shoulder remaining at 3070 cm,'. ‘These observations confirm the presence of 
vinyl groups. It was difficult to assess whether the 890 cm. peak had been affected on account 
of the large change in the neighbouring 910 cm." peak ; but it was little changed and it is unlikely 
that it is due to an olefin of type R-CMe:CH,. The 967 cm."' peak was diminished and broadened 
on hydrogenation and may be ascribed in part to an olefin of type trans-R“CHICHR. No new 
peaks appeared on hydrogenation and the only peak to increase in height was that at 740 cm,”! 
ascribable to n-propyl groups, which increased by about 13°, (as measured from a line drawn 
across the base of the peak), This increase is of the right order of magnitude when the relative 
group extinction coefficients for vinyl and n-propyl groups are taken into consideration (see 
below). This suggests that the vinyl group is attached to a single methylene group as 
in R-CHMe-CHyCHICH,, giving rise to n-propyl groups on hydrogenation. 

Bromination. A polymer of molecular weight 251 (prepared at room temperature) took up 
an amount of bromine corresponding to 49% of unsaturated molecules, 


1© Wiberley and Bunce, Analyt, Chem., 1952, 24, 623. 
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Infrared absorption intensities. Measurements were made on a polymer of molecular weight 
244. The density of the polymer was 0-83, so that the concentration was 3-40 mole/l. 
The depth of the cell was 1:17 x 10% cm., so that if the observed optical density is D at a 
frequency where the group extinction coefficient is ¢ ml. mole cm,", the percentage p 
of molecules containing the group is given by p « D/(3-40 x 1:17 x 10%) = 251D/10e, Group 
extinction coefficients vary from one compound to another and it is only possible to estimate 
probable limits for p. Values for ¢ have been taken from McMurry and Thornton,® and the 
results are given in Table 1. The value of p for trans-R’*CH°CHR can only be taken as a guide 
to the maximum amount of such olefins which could possibly be present. The values of p for 
vinyl groups are more reliable, 


TABLE 1. Estimates of olefin content of the polymer. 
Group y (cm,~*) 10~* ¢(ml, mole cm") D P (%) 
ReCILCH, , ° 0-072 36—27 
0-310 28-—-18 
3-3-—5-7 0-546 43—25 
10°9-—15-2 1-13 26-19 


trans-R°CHICHR , 9-2—11-9 0535 15—11 


Summarising, we may say that of the polymer molecules prepared at room temperature, 
about 40%, and certainly not more than 50%, contain a double bond, Well over half of the 
unsaturated molecules contain a vinyl group attached to a single methylene group; small 
amounts of trans-R’CHICHR olefins may also be present. 

End-yroups and Repeating Groups,—-The average composition of each polymer molecule is 
given by (CH,),. Each molecule must therefore contain, on average, either a double bond or a 
carbon ring. ‘Thus it appears that more than half of the molecules of polymer made at room 
temperature contain a ring system, which, we have seen, must contain more than three carbon 
atoms. The molecules containing a double bond may be regarded as linear, with an unsaturated 
group at one end and a saturated group at the other. If therefore the average molecular weight 
of the polymer is varied, or if a given polymer is separated into fractions of different average 
molecular weight, it should be possible from the spectra to distinguish peaks due to end-groups 
from those due to repeating groups. 

Variation of average moleculay weight: effect on peak heights. ‘Temperature was the only 
variable which had an effect on the molecular weight of the polymer (above 50 mm. pressure). 
Increasing the temperature increased the molecular weight, as shown in Table 2, This increase 


TaBLe 2. Peak heights for 0-117 mm., measured as described in text. 


Approx. prep. Average Peak heights for the frequencies (cm.) stated 
temy mol. wt : vt i : acai -_ 
O10 = 967 740 820 890 10156 1045 2 1170 
4193 243 326 167 234 26-0 67 25° 22-7 
40-4 198 362 148 234 255 6-1 25: 23-0 
13-2 90 38-0 77 200 146 3-2 , 21-5 


was also manifested in an increased viscosity of the polymer, The peak heights in the absorption 
spectra of 0-117 mm, thickness of polymer, measured from base lines as drawn in Fig. 1, are 
shown in Table 2, The change in the spectrum is more severe in going from 60° to 100° than 
from 22° to 60°, and for the examination of the effect of molecular weight on peak heights the 
100° results should be ignored, 

Ihe first three peaks, due to vinyl groups, decline with increasing molecular weight as would 
be expected of end-groups. However the magnitude of the decrease is several times greater 
than would be expected if the sole effect of temperature were an effect on the average chain 
length of a linear polymer, The difference is accounted for if the fraction of polymer molecules 
containing a ring increases with increase of preparation temperature. The 967 cm.~} peak also 
declines with increasing preparation temperature, probably indicating a *CHICHR end-group 
attached in the trans-position, All other peaks remain approximately constant, with the 
exception of that at 749 cm," which increases with increasing molecular weight. It thus appears 
that any variation in the height of a peak due to a saturated end-group is masked by an opposing 
effect of temperature on the concentration of identical side-groups. 

Separation into fractions ; variation of peak heights. 2-71 g. of polymer prepared at room 
temperature were separated by microdistillation into 20 fractions and a residue. The weight 
percentage of polymer distilled at the mid-point of each fraction was computed from the 
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measured weights of the fractions. The results are shown in Fig. 2 where the refractive index 
is plotted against fraction number and weight % distilled. The figures given to the right of the 
curve indicate the approximate degree of polymerisation as estimated from Scott and Gunning’s 
data* relating refractive index to degree of polymerisation, obtained by measurements on 


Fic. 2. Refractive index of the polymer fractions 

(Numbers to the right of the curve indicate approxi- 
mate degree of polymerisation as estimated from 
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Frias. 3 & 4. Variation of peak heights with fraction number. 
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fractions of a polymer made under similar conditions to those used here. There is an approxi- 
mately two-fold increase in molecular weight in going from fraction 2 to fraction 20, 

There was a fairly smooth variation in the height of a given peak in the infrared spectrum 
from one fraction to the next. There were no discontinuities such as might have been found 
had one fraction contained markedly different structural groupings from the next. The 
observed variations are shown in Fig. 3 for the olefin peaks and in Fig. 4 for the other peaks 

4¥ 
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All the peaks due to vinyl groups are a maximum for one of the middle fractions, Taking into 
account the variation in molecular weight of the fractions it may be concluded that the fraction 
of molecules containing a vinyl group is a little higher for fractions 8—15 (approx.) than in the 
original polymer, and lower for other fractions. The variation of the 967 cm.~! peak, ascribed 
above to a trans-olefin, and that of the 890 cm. peak, are difficult to explain in relation to the 
results on the effect of temperature. The 740 cm. peak decreases to some extent with 
increasing molecular weight, suggesting that it may be due in part to an end n-propyl group, 
and in part to side n-propyl groups. If so, then it appears from the results shown in Table 2 
that on increase of temperature the increase in concentration of side-groups outweighs the 
decrease in the concentration of end-groups. The other peaks remain approximately constant 
and are attributable mainly to repeating structures, 

Estimation of CHy, CH,, and n-C,H, Groups.—CHy, groups. The extinction coefficient at 
1380 cm." for isolated methyl groups *® is (1-8 + 0-3) x 10* ml. mole* cm.“. The optical 
density of a thin film (ca, 0-015 mm.) of polymer was measured, the thickness then being 
estimated by comparing the spectrum with that of 0-117 mm. at a suitable frequency. Polymers 
made at all temperatures, and all fractions of a given polymer were found to contain between 


Fic. 5. Optical density ratio at 1460 and 
1380 cm! plotted against the ratio of the 
number of CH, groups m to the number 
of CH, groups n 


@® Direct observation on n-hexane; all 
other points derived from the A.P.1 
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20 and 32 methyl groups per 100 carbon atoms, The fractions all gave the same value as the 
original polymer, while an increase of preparation temperature tended to increase the proportion 
of methyl groups. 

CH, groups. The ratio of the number of CH, groups m to the number of CH, groups n may 
be estimated from the ratio of optical densities at 1460 and 1380 cm.'. In Fig. 5 these two 
ratios are plotted against each other for various liquid hydrocarbons, none of which contains 
more than one methyl group attached to a given carbon atom. Most of the points lie between 
two parallel lines. In an unknown compound the ratio m/n may be estimated with an error 
which is unlikely to be greater than 40-9, The observed optical-density ratio Dj469/D 54, was 
1-27 4. 0-03 under all preparation conditions. From Fig. 5 it may be concluded that the ratio 
m/n lies between zero and 1-25; in other words, for every methy! group there are not more than 
1-25 methylene groups. Measurements on the polymer fractions showed that Djyeo/D 549 
decreased steadily from 1-40 for fraction 1 to 1-20 for fraction 15 and remained constant for the 
higher fractions and residue. It is not possible to be sure that this reflects a real variation 
in m/n 

n-C,H, groups. The extinction coefficient at 740 cm. for compounds containing n-propy! 
groups is somewhat variable. A value of (0-7 + 0-35) x 10* ml. mole! cm.“! was computed 
from the spectra of 11 compounds given in tables." From this it was calculated that each 
molecule of polymer prepared at room temperature contained 1-6 +. 0-8 n-propyl groups. 

The position may be summarised by considering an average polymer molecule containing 
6 monomer units. Let us assume for the moment that the molecule contains no quaternary 


't American Petroleum Institute Research Project 44, Catalog of Infrared Spectral Data 
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carbon atoms. The molecule contains 18 carbon atoms of which 4—6 are accountable as 
CH, groups. The molecular formula is C,,H,,. We must therefore have present 4—6 CH 
groups and 10—6 CH, groups. But we have seen that m/n is unlikely to exceed 1-25 so that the 
number of CH, groups is unlikely to exceed 8. The argument is not materially affected if 
CH groups are neglected in favour of quaternary carbon atoms. 

The close approximation to the requirements of a polypropene structure led, first, to an 
examination of the gaseous products for propene and, secondly, to a comparison with the spectra 
of polymers made from propene, 

Search for Propene; Evidence for Diallyl.—The possibility of intermediate formation of 
propene is permitted by the low quantum yield of the cyclopropane reaction * (0-136 at 30°) and 
the known ability of propene to undergo mercury-photosensitised polymerisation.* 

Gunning and Steacie * sought but failed to detect propene in the products of polymerisation 
at 50—400 mm. Their limit of detection was about 1%. It was found possible to lower this 
limit to 0-1% by using a pressure of 400 mm. in a 10 cm. infrared absorption cell and looking for 
the olefin peak at 1655cm.. The reference cell was filled with cyclopropane to the same total 
pressure as in the sample cell, Propene could still not be detected in the products of polymeris- 
ation at 55—550 mm. If it was formed, the steady-state concentration must be less than 
0-05 mm. at the lower pressure. 

Gunning and Steacie * found that addition of propene to the cyclopropane caused a limited 
reduction in the rate of polymerisation. When a small amount of propene was added this was 
rapidly removed on irradiation and the rate regained its normal value* We have found that 
after this no propene can be detected by the above method. If propene is an intermediate in 
the mercury-photosensitised polymerisation of cyclopropane, then initial addition of the steady- 
state amount will not reduce the rate. Gunning and Steacie’s results * show that at 50 mm. 
pressure the steady-state concentration of propene would lve to be less than 0-02 mm. 

The ease with which added propene is removed, and the presence of olefins in the polymer, 
suggest a possible method of growth of polymer through the formation of intermediate reactive 
olefins. The volatile portion of the polymer was therefore examined for the presence of olefins. 
Sufficient was obtained after 118 hours’ irradiation to run the spectrum of a thin layer; this is 
shown in Fig. 1. Definite olefin peaks occur at 1645 and 916 cm.“*. Comparison of the 
spectrum with that of a thin layer of the involatile polymer shows, first, that the fraction of 
volatile polymer molecules containing a double bond must be much less than for the involatile 
polymer (since the peak heights for a given thickness are comparable but the molecular weights 
are rather different); and, secondly, that there is a definite splitting of the 1380 cm.~? band, 
indicating the presence of a certain number of isopropy! groups in the volatile polymer, 

The volatile polymer was also examined mass spectrometrically. The advantage of this lay 
in the smaller amount of material required and hence the shorter irradiation period which could 
be used. Unchanged cyclopropane was first removed from the products by evacuation at — 80°, 
rhe products volatile at room temperature were then distilled to a small tube and transferred to 
the mass spectrometer. The following peak heights were observed for the products isolated 
after 25 minutes’ reaction : 

C, fragments C, fragments C, fragments 


c ma) la ¢ . 

Mass no 85 OBA 82 «COI 71 70 69 68 67 65 58 57 a] 6 4 53 Ol 

Peak height (cm.) 24 30 0-45 36 4536 60 14 35 14 253 1062 146 1O8 180 45 18 
A.P.I. spectrum 

no, 243: diallyl 05 26 - - 17 3056 10 21 190 3-7 21 


All observed peaks greater than I cm. have been given. Traces of peaks due to C, hydrocarbons 
were found. Many of the peaks given above may be ascribed to C, and C, paraffins and mono- 
olefins; but the largest peak at mass 67 and the smaller peaks at masses 54 and 81 must be due 
to a compound C,H,,. This is readily seen when the peak heights are compared with those for 
known compounds. The spectra of three compounds of formula CyHy, (cyclohexene, 2 ; 3-di- 
methylbutadiene, and diallyl) are published in tables: “ the first two may be eliminated on 
account of the low observed 82 peak. Diallyl is therefore the only compound of known spectrum 
which fits the facts. The A.P.1. spectrum no. 243 for diallyl is given above for comparison, the 
peak heights being referred to 30-5 cm. for mass 67, 

If the theory of reactive olefin intermediates is correct the concentration of the diolefin 
responsible for masses 67, 54, and 81 should build up to a steady-state value, The following 


'* American Petroleum Institute Research Project 44, Catalog of Mass Spectral Data 
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were the observed peak heights in the mass spectrum of the volatile polymer formed after 
various periods of irradiation of 220 mm. of cyclopropane : 


Time Pressure fall 
(min.) 


There is in fact a tendency for these peaks to rise to a steady value. A similar tendency was 
noted for masses 84, 69, 56, and 55, all of which may be due to fragments from C, mono-olefins. 

Assuming the 67 peak to be due to dially! it was calculated that after 170 minutes’ irradiation 
of 220 mm. of cyclopropane the reaction vessel contained 0-3 mm, of diallyl, and that this formed 
approx, 60% of the polymer volatile at room temperature. 

The infrared spectrum of the volatile polymer formed after 118 hours’ irradiation is rather 
different from that of diallyl. It is therefore concluded that either (1) the compound responsible 
for masses 67, 54, and 81 is not diallyl but an isomer, perhaps 2-methylpentadiene, or (2) the 
amount of other volatile products increases relatively to diallyl as the irradiation time increases. 

The mass spectrum of the volatile polymer formed in the early stages of the mercury-photo- 
sensitised reaction of propene was also examined, Although there were appreciable peaks at 
masses 67 and 54, diallyl was a relatively minor product, This conclusion may also be drawn 
from the work of Gunning and Steacie.* 

Comparison with Other Polymers,--The infrared spectrum of the polymer made from cyclo- 
propane by mercury photosensitisation was compared with the spectra of polymers made from 
propene by the following methods ; (1) mercury-photosensitised polymerisation at room temper- 
ature and 60 mm.; (2) polymerisation at —40° and —80° with a 5% solution of aluminium 
bromide in hexane as catalyst; and (3) polymerisation by the method of Natta and his co- 
workers,“ 

The polymers made by method (3) are thought to be mainly linear in structure. Polymer 
made by method (2) is thought to be considerably branched, the extent of branching decreasing 
as the preparation temperature is lowered. The structure of the polymer made by method (1) 
is not known, 

The spectra are shown in Fig, 6. There is a striking resemblance between the spectra of the 
polymers made by the mercury-photosensitised reactions of propene and cyclopropane, 
particularly in the region 2—12 4. When allowance has been made for the absence of 
appreciable absorption by vinyl end-groups in the polymers made by methods (2) and (3), it may 
be seen that the polymer made from cyclopropane bears a closer resemblance to the branched 
polymers than to the linear polymers of propene, though the resemblance is not striking. The 
following were the values Of Dj 499/D 59 for the various polymers : 


Method of preparation Dy sao! Diseo 
eycloPropane + Hg* volatile polymer 1-45 
involatile polymer 1-24 
Propene + Hg* ; volatile polymer 1-37 
involatile polymer 1-22 
Propene + AlBr, at —40° ... — 1-30 


The similarity of the values suggests that the ratio of CH, to CH, groups is similar for all three 
polymers, 

Raman Spectrum: Evidence for C, Rings.--The Raman spectrum of a 20%, solution of the 
polymer (prepared at room temperature) in CCl, showed the frequency shifts expected for the 
major groups inferred from the infrared spectrum. In addition, a line was observed at 880 cm."! 
together with a weaker line at 1015 cm."4. The former may be assigned with fair confidence to 
the skeletal vibration of the cyclopentyl ring. Its intensity was about the same as that for the 
double bond (1650 cm.“). The Raman spectrum of a 20%, solution of a 1: 1 mixture of methy]l- 
cyclopentane and hex-1-ene also gave approximately equally intense lines at 880 and 1650 cm." ; 
it may be concluded that the polymer contains roughly equal numbers of double bonds and C, 
rings. Since we have already seen that nearly half the polymer molecules (prepared at room 
temperature) contain a double bond, it is possible that all the remaining molecules contain a 
C, ring. 

1 Natta, Pino, Corradini, Danusso, Mantica, Mazzanti, and Moraglio, J. Amer. Chem. Soc., 1955, 


77, 1708 
Fontana ef al., ibid., 1948, 70, 3745; Ind. Eng. Chem., 1952, 44, 1688, 2055 
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The 890 cm.“ peak in the infrared spectrum can now be assigned to the C, ring. We have 
seen that it does not appear to be affected by hydrogenation of the polymer and is not likely to 
be due to an olefinic grouping. The variation of the peak height with fraction number (Fig. 4) 
follows a similar pattern to that for the vinyl peaks (Fig. 3), as would be expected if the peak were 
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Fic. 6. Comparison of absorption spec- 
trum of polymer made by cyclopropane 
+ Hg* (curve A) with the spectra of 
polymers made from propene the 
following methods: Hg*, curves and 
C, involatile and volatile product respect- 
ively; AlBr,, curves D and E, made at 
40° and —80° respectively; Natta's 
method, F, G, and H, amorphous, mol- 
ten, and crystalline material respectively. 
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due toaC, ring. The relative constancy of the peak height with changing preparation temper- 
ature can be explained by the opposing effects of temperature on the average molecular weight 
and on the ratio of ring to double-bond structures. 


DISCUSSION 


The two main problems to be considered are (i) whether propene is an intermediate 
and (ii) the nature of the growth reaction and the means whereby this leads to the observed 
structural groups. 
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Let us first examine the quenching reaction and see how this may lead to the formation 
of propene. There are two possible quenching processes : 


—e Hg('S,)+(CHh(2) - - - - - ~ 


Hg(*P,) + [CH,],('£ 
withers i =~Hg("P,) + (CHS)... - - - @) 
which, if the spin conservation rules are obeyed, result in the formation of a triplet state 
and a vibrationally excited singlet state of cyclopropane respectively. The second process 
involves the transfer of only 0-22 ev and does not seem very probable as cyclopropane does 
not have a fundamental frequency approximately equivalent to this amount of energy. 
Ihe thermal isomerisation ™ of cyclopropane to propene has an activation energy of 
65-0 keal./mole, so that the energy available in the second quenching process (5 kcal. /mole) 
is insufficient to cause subsequent isomerisation of the cyclopropane. The second quenching 
process may, however, eventually be followed by : 


Hg("P,) + [CH,],('2) ——m Heg('S,) + (CH ('Z)  . - - (3) 


112-2 kcal./mole are transferred in process (1) and 107-1 keal./mole in process (3), so that 
in both cases the triplet-state cyclopropane may have sufficient energy for spontaneous 
rupture of either a C-H or a C-C bond. In the mercury-photosensitised reactions of the 
paraffins '® and of cyclobutane, cyclopentane, and cyclohexane,”’ there is good evidence 
that only the C-H bond is broken, though it is stronger than the C—-C bond, With cyclo 
propane the position may be modified by the fact that the C-H bond is slightly stronger 
and the C—C bond probably somewhat weaker than in the paraffins and other cycloparaffins. 
By using Stevenson’s value’*® of D(CH,*CH,’CH,-H) = 99-0 + 0-9 kcal./mole and 
assuming D(H-CHy’CH,°CH,’) to be the same, it may readily be calculated ” that the 
formation of the trimethylene diradical from cyclopropane, [CH,), —» *CH,’CH,’CH,’ is 
endothermic by 57 keal./mole. The reverse reaction is likely to have an appreciable 
activation energy since it probably involves the deformation of the angle between the three 
carbon atoms and involves a change in the state of hybridisation of the orbitals. Thus 
the amount of energy required to break a C-C bond in cyclopropane is probably somewhat 
greater than 57 kcal. /mole though less than for a paraffinic C—C bond. 

Three possible fates for the triplet-state cyclopropane molecule must therefore be 
considered, namely, C-H rupture, C—C rupture, and isomerisation to propene : 


I SCH: + H- , (4) 
H, 


[CH,],(°2) ——m -CH,’CH,’CH,: (5) 


—. “CH(CH,)-CH,:(°E) ; (6) 


Ihe occurrence of one or more of these processes is indicated by the molybdenum oxide 
experiments. The fact that the photochlorination of cyclopropane results in the formation 
of cyclopropyl! chloride * shows that the cyclopropyl! radical formed in process (4) is unlikely 
to isomerise to the more stable allyl radical. However, it is possible that there is an 
additional disruptive process which results directly in the formation of an allyl radical and 
a hydrogen atom. The combination of two such ally! radicals, or possibly of two cyclo- 
propyl radicals, could then result in the formation of diallyl. There is evidence that any 
trimethylene diradicals produced by process (5) will spontaneously isomerise to propene 
at room temperature.** The triplet-state propene produced in process (6) will descend to 


'* Pritchard, Sowden, and Trotman-Dickenson, Proc. Roy. Soc., 1953, A, 217, 563. 
'* Steacie, ‘' Atomic and Free Radical Reactions,’ Reinhold, New York, 1954 

'? Guaning ef al, J. Chem, Phys., 1954, 22, 672, 678; 1953, 21, 1797 

'* Stevenson, 7rans. Faraday Soc., 1953, 49, 867. 

'* Seubold, /. Chem. Phys., 19564, 22, 944 

** Coulson and Moffitt, ibid., 1947, 15, 151 

** Kistiakowsky and Marshall, /. Amer. Chem. Soc., 1952, 74, 88. 
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the ground state after a favourable collision. Thus, whatever the immediate fate of the 
triplet-state cyclopropane, the formation of propene is probable. 

The intermediate formation of propene was suggested, first, by the number and 
disposition of the methyl groups in the polymer and, secondly, by the resemblance of the 
spectrum to that of the polymer formed in the mercury-photosensitised reaction of propene. 
Three facts, however, weigh against secondary polymerisation of propene, even though it 
may be formed in the cyclopropane reaction. In the first place the proportion of volatile 
polymer is much higher in the mercury-photosensitised polymerisation of propene than in 
the corresponding reaction of cyclopropane. Secondly, propene cannot be polymerised by 
the action of monoradicals in the gaseous phase at room temperature. Any subsequent 
reaction is therefore more likely to be with a diradical or an excited molecule. Such a 
reaction will lead to a stable molecule, rather than a higher diradical which can attack a 
further molecule of propene. The third and most telling point is that the quantum yield 
of the mercury-photosensitised polymerisation of propene * at pressures below 1 mm. 
appears to be much less than that of the cyclopropane reaction. 

The quenching cross-section of cyclopropane ™ is 1-1 x 10-!* cm.*, while that of 
propene ™ is probably about 50 « 10° cm.*. We have seen that, if formed, propene 
builds up to a concentration less than 0-1% of the cyclopropane concentration. Under such 
conditions the cyclopropane will still do the major part of the quenching, so that, as 
suggested above, any propene formed is likely to disappear by a reaction CHg*CH:CH, + 
(CH,),* —» C,H,, where (CH,]},* represents the triplet state of cyclopropane, or, more 
probably, the trimethylene diradicai. Diallyl may undergo a similar reaction, The main 
experimental results are qualitatively accounted for if it is postulated that this addition 
can occur in three ways, which may be called olefin addition, ring addition, and propyl 
addition, according to the nature of the product, viz. : 


ee olefin addition 


H,-CH:CH, 
Salas — ring addition 


R-CH,CH:CH, + [CH,],* ——» H.C 


Ni i propyl addition 


H,-CH,-CH, 


Olefin and propyl addition involve the transfer of a hydrogen atom. Successive olefin 
additions, occurring in the manner indicated, will lead to a polypropene structure : 


CH,CH:CH, ——> ag > ea etc., 
H,CH:CH, iy i. 
H,-CH:CH, 


and this is postulated as the main addition process. The absence of isopropyl groups in the 
polymer favours the initial formation of diallyl rather than propene. 

The propyl addition may occur at any carbon atom but is likely to be easiest when a 
tertiary or secondary carbon atom is attacked ; in this way side-chain propyl groups will be 
formed. End propyl groups can arise through secondary hydrogenation caused by the 
hydrogen atoms formed in process (4), or through propyl! addition at the CH, end of a vinyl 
group. The latter process will also account for the formation of trans-R-CH:CHR’ olefins 
which appear to be present in small amounts. The propyl addition may be compared with 
other diradical reactions such as RH + O, —» RO,H, commonly postulated as the initial 


** Darwent and Phibbs, J. Chem. Phys., 1954, 22, 110 
* Steacie, Canad. J]. Res., 1948, B, 28, 613. 
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step in oxidation reactions, RH 4+ CH, —» R-CH, “ and RH + SO,*-——» R-SO,H.* It 
is to be noted that the propyl frequency (740 cm.~4) does not appear in the spectrum of the 
polymer obtained from propene by mercury photosensitisation. 

Ring addition to form a monosubstituted eyclopentane seems a likely process since it can 
occur without the transfer of any atoms. We have seen that there is good evidence for the 
presence of a considerable proportion of a ring structure and that these rings may always 
consist of five carbon atoms. The 890 cm.~ infrared frequency which has been ascribed 
to a C, ring in the polymer from cyclopropane, also appears in the spectrum of the polymer 
formed from propene by mercury photosensitisation. But it is clear that C, rings cannot 
be formed in the latter reaction by a process analogous to that postulated for the cyclo- 
propane reaction. Nevertheless small amounts of cyclopentanes have been reported in the 
polymer from propene.* These may contribute towards the 890 cm.~* peak, as also may 
olefins of the type R-CMe:CH, which may be present in the complex mixture of products. 

It is recognised that the proposed mechanism, consisting as it does of a number of 
consecutive reactions, should give rise to a period of increasing rate while the steady-state 
concentrations of intermediate olefins are being built up. The experimental evidence 
indicates that the stationary concentrations of intermediates will be very low, so that the 
period of increasing rate will be quite short. Gunning and Steacie * did in fact observe that 
the pressure fall reached a constant rate only after 5 minutes’ irradiation. In one of their 
experiments, when the light was switched off there was a further pressure fall of 0-11 mm. 
(incorrectly given in the text as 0-21 mm.), whereas the linear portion of the graph of change 
of pressure against time when extrapolated back to zero time gave an intercept of —0-18 mm, 
This shows that at least part of the increase in the rate of pressure fall with time was due 
‘o a genuine increase in rate of reaction, though part was due to a temperature rise. 
Actually we have seen that the total diallyl in the system, as measured by the 67 mass- 
spectrometer peak, increases further after the rate of pressure fall has become steady; but 
it must be remembered that some of the diallyl will dissolve in the condensed polymer so 
that the total diallyl in the system will not be a true measure of its pressure in the gas 
phase. 

Finally it is suggested that the main factor which limits the molecular weight of the 
polymer is its removal from the gas phase by condensation, or solution in polymer already 
formed. In agreement with this suggestion, the average molecular weight increases with 
the preparation temperature. 


EXPERIMENTAL 


Materials.—The cyclopropane was “' anzesthetic '’ grade and contained no detectable propene. 
It was distilled twice from — 80° to —190° in vacuo, Propene was obtained as Philips Research 
Grade material from the Chemical Research Laboratory, Teddington, The alkyl compounds 
used as radical sources were distilled in vacuo, 

Apparatus for Mercury-photosensitised Polymerisation.—A little mercury was placed in a 
100 ml. cylindrical quartz reaction vessel which was then pumped out, isolated, and connected 
to a manometer and 6-1, reservoir containing the cyclopropane (or propene). The vessel was 
then irradiated with mercury resonance radiation from a Hanovia spiral ‘‘ Detectolite ’’ lamp. 
lor the preparation of polymer above room temperature the vessel was heated electrically. 
The temperature inside the vessel for a given heater current was determined from the observed 
pressure change when the current was switched off, 

Molecular-weight Determinations,-The depression of the freezing point of benzene was used 
to estimate the molecular weights. The errors quoted are based on the reproducibility of the 
freezing points. 

Infrared Absorption Spectra.-The spectra were obtained under identical operating 
conditions by means of a Grubb-Parsons 54 double-beam spectrometer with a rock-salt prism, 
The sample was normally contained in a cell of 0-117 mm. depth, and reflection losses were 
balanced by placing a single rock-salt plate in the reference beam. 

Hydrogenation of the Polymer.—Hydrogenation was carried out in alcoholic solution with a 
palladium—charcoal catalyst. The reaction flask and compensating flask (containing alcohol 


™ Rosenblum, J. Amer, Chem. Soc., 1941, 63, 3322. 
** Dainton and Ivin, Trans. Faraday Soc., 1960, 46, 374. 
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only) were immersed in a beaker of water. The product was recovered by extraction with 
hexane 

Bromination of the Polymer,—The method of Uhrig and Levin ™ was used. 0-1 g. of polymer 
was dissolved in 1 ml. of chloroform and titrated with a standardised 0-2m-solution of bromine 
in acetic acid. Best results were obtained if a slight excess of bromine was added and the 
excess estimated colorimetrically, With hexadec-l-ene this method gave results consistently 
1:5% high. 

Fractionation of the Polymer.—The microstill was similar to that described by Craig,” the 
jacket being electrically heated. 


The author is indebted to Professor F. S. Dainton, for his interest, to Dr. N. Sheppard for 
advice on the interpretation of the infrared spectra, to Dr. G. C. Bond for the mass- 
spectrographic analyses, and to Mrs. E, Mikiewicz for taking the Raman spectra. 
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437. Congeners of Pyridine-4-carboxyhydrazide. Part I. 
Derivatives of 4-Cyanopyridine and 2-Cyanothiazole. 


By D. D. Lipman and R. SLAcK. 


4-Cyanopyridine has been converted into the corresponding amidrazone, 
and several dipyridyl heterocyclic secondary products have been isolated. 
2-Cyanothiazole and some derivatives have also been prepared. 


Tue high antituberculosis activity of pyridine-4-carboxyhydrazide has led to the examin- 
ation of many analogues and particularly to studies of the effect of nuclear and side- 
chain substitution. Hydrazides of several heterocyclic nuclei other than pyridine have also 
been described, variously substituted thiazole derivatives being amongst the most active 
in experimental infections. 

One of the first pyridine derivatives that was prepared in these laboratories in 1952 
for antitubercular studies was 4-amidinopyridine. This compound was_ biologically 
inactive im vitro against Mycobacteria but it seemed possible that N-amino-amidines 
(amidrazones) corresponding closely in structure to active hydrazides might be more 
interesting. Pyridine-4-carboxyamidrazone (1), which has recently been described by 
van der Burg,'! and thiazole-2-carboxyamidrazone (1; R = 2-thiazolyl) were therefore 
prepared from the appropriate nitriles. 

4-Cyanopyridine was most conveniently prepared by heating tsonicotinic acid with 
sulphamic acid, while the hitherto unknown 2-cyanothiazole was made by dehydration 
of the amide with phosphoric oxide. The thiazole nitrile was surprisingly reactive and 
was rapidly and smoothly converted in good yield into (1; R = 2-thiazolyl) on treatment 
with cold hydrazine hydrate (cf. 5-cyanotetrazole*), When the mixture was warmed, only 
1 : 2(or 1 : 4)-dihydro-3 : 6-di-2’-thiazolyl-1 ; 2: 4: 5-tetrazine (III; R = 2-thiazolyl) could 
be isolated. Attempts to oxidise this to the tetrazine (VII; R = 2-thiazolyl) were 
not successful.* Thiazole-2-thiocarboxyamide has also been prepared from 2-cyano- 
thiazole. 

4-Cyanopyridine was less reactive, and was therefore converted into the ethyl carboxy- 
imidoate, which when treated with hydrazine yielded (I) and several other products, 


* This behaviour and the method of formation suggest the 1: 4- rather than the | : 2-dihydro- 
structure (cf. Charronat and Fabiani *). 

' van der Burg, Rec. Trav. chim., 1955, 74, 257 

* Lifschitz, Ber., 1915, 48, 415; Curtius, Darapsky, and Miller, tbid., p. 1614. 

* Charronat and Fabiani, Compt. rend., 1956, $41, 1783 
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particularly 1 : 2-di(pyridine-4-carboxyimidoy])hydrazine (II), 1 : 2-dihydro-3 : 6-di-4’- 
pyridyl-1 : 2:4: 5-tetrazine (II1), and 3: 5-di-4’-pyridyl-1 :2:4-triazole (IV). These 
compounds are all analogous to the phenyl and fury! derivatives obtained by Pinner and 
Caro * during their investigation of the reaction of imidoic esters with hydrazine. 

The proportions of (I) and (II), which are presumably the primary products of the 
reaction, could be varied by varying the initial pH of the reaction. Separation was not 
difficult (see Experimental section). 

Several closely allied compounds have been prepared by the traditional methods 
illustrated in the annexed Scheme. The dihydro-tetrazine (II1), when oxidised in air, 
gave traces of the tetrazine (VII), but for preparative purposes nitrous acid was better. 
The tetrazine readily lost nitrogen hydrolytically in the presence of sodium carbonate 
to give the hydrazone (IX), which was also prepared from pyridine-4-carboxyhydrazide 
and 4-formylpyridine. The initial attack by hydroxyl ion might lead to an intermediate 
diazohydroxide with subsequent loss of nitrogen : 


N==N N:N-OH OH 
Fa \ ou- / / 
RC C‘R ———p> RC R-C 
» 4 > \ 
N--N N-N:CR™ N-N:CHR 


R-CO’NH'N' CHR 
though this is not known with any certainty. When the pyridine nitrogen atoms are 


quaternary, the tetrazine ring is even more unstable, and the salt (VIII) evolves nitrogen 
when gently warmed in aqueous solution. 


"fi ~t non HN:CR‘NH-NH 9 HCI 22. 106: RE —NH 


‘N ° ° ° + or 
N R’CONH'NH2* be.ce NH, 


(x) 


)NH-NH, 
HN:CR°'NH-NH:CRINH —“=—» RC CR 
Sw—n7 


R-CO:NH-NH'COR > !! W 


HNO oe 
N 


/ a6 

Pa) RC TOR —aFSa,, R-CH:N-NH-COR (IX) 
N-~—N 
(Ir) 


> 


R‘CHO + R'CO’NH-NH> 


R = 4-pyridyl unless otherwise indicated in the text. 


Since the amidrazone (I) and the dihydrotetrazine (III) respectively showed activity 
against the B.C.G. strain “in vivo-in vitro” and the H,, Rvstrain in vivo, alternative 


* Pinner and Caro, Ber., 1804, 27, 3273; 1895, 28, 465 
» McMillan, Leonard, Meltzer, and King, J. Amer. Pharm. Assoc., 1953, 42, 457 
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methods of synthesis were examined. 4-Cyanopyridine was converted into pyridine-4- 
thiocarboxyamide ® which was heated with alcoholic hydrazine hydrate. Eight products 
were isolated, all appearing to be secondary products. van der Burg ' has shown that the 
amidrazone is formed in the first few minutes of this reaction, but is then rapidly decom- 
posed. We detected none of this product, but obtained the derived 1 : 2-dihydro-3 : 6- 
di-4’-pyridyl-1 : 2: 4: 5-tetrazine (III), a trace of dipyridyltetrazine (VII), and 4-amino- 
3: 5-di-4’-pyridyl-4 : 1 : 2-triazole (X). 2 : 5-Di-4’-pyridylthiadiazole (XIV) was isolated 
in 11% yield; it was the only product noted (22%, yield) by McMillan e¢ al.® in a similar 
experiment, and was also obtained as a by-product by van der Burg.! 
! 
N——N 
it I 
CI{NH2:CR'S*CH2Ph 
(xy) 
(xz) R «= 4-pyridyl 


Benzyl pyridine-4-thiocarboxyimidoate hydrochloride (XV), prepared from the nitrile 
by the standard method, was allowed to react with cold alcoholic hydrazine hydrate. 
Dibenzyl disulphide and the cyclic compounds (III), (VII), and (X) were the only products 
detected. 


EXPERIMENTAI 


Pyridine-4-carboxyamidrazone (I) and 1: 2-Dihydro-3 : 6-di-4’-pyridyl-1 ; 2:4; 5-tetrasine 
(II1).—4-Cyanopyridine (150 g.) in dry chloroform (1500 ml.) and ethanol (90 ml.) was treated 
with hydrogen chloride at 0° until a semi-solid upper layer separated. The vessel was sealed 
and kept at 0° for 24 hr,, the contents were then added to 50%, w/v sodium hydroxide solution 
(750 ml.) at 0° with vigorous stirring. The upper layer was separated, washed with water, and 
dried (K,CO,). Most of the solvent was removed under reduced pressure at 40-—50°, The 
crude imidoate (ca, 200 g.) was added to ethanol (372 ml.), 100% hydrazine hydrate (83 ml.), 
water (105 ml.), and concentrated hydrochloric acid (114 ml.) at 5°. The mixture was kept at 
0° for 2 hr. and the solid was collected. Kecrystallisation from methanol containing 5% of 
ether gave the amidrazone hydrochloride, heavy pink prisms (17 g.), m. p. ca. 280° (decomp.) 
(Found: N, 31-7; Cl, 20-45. C,H,N,,HClI requires N, 32-5; Cl, 20-56%). The original filtrate 
was heated at 100° for 3 hr. The dihydvotetrazine which separated crystallised from aqueous 
75% acetic acid as orange needles, m. p. 275° (60 g.) (Found: C, 60-4; H, 445; 
N, 34-6. C,,H oN, requires C, 60-5; H, 4:2; N, 35-3%). 

Yields of amidrazone of 28% have been obtained in smaller-scale experiments, but with a 
correspondingly lower yield of the dihydrotetrazine 

| : 2-Di(pyridine-4-carboxyimidoyl)hydvazine (Il) and 3: 5-Di-4’-pyridyl-1: 2: 4-triazole 
(1V).—Crude imidoate base (from 40 g. of 4-cyanopyridine) was treated at 0° with a neutral 
mixture of 100% hydrazine hydrate (16-5 ml.), ethanol (99 ml.), water (27-5 ml.), and concen- 
trated hydrochloric acid (83 ml.). After 1 hr. at 0°, the solid was collected and stirred with an 
excess of 2N-ammonia, then crystallised from ethanol to give yellow plates of the dt-imine, m. p. 
(decomp.) >280°. At 100° the plates were converted into an amorphous cream-coloured 
solid (5-2 g.) of the same m. p. (Found: C, 59-6; H, 46; N, 34-8. C,,H,,N, requires C, 60-0; 
H, 5-0; N, 36-0%), 

The original filtrate was heated at 100° for 3 hr., the dihydrotetrazine (15-4 g.), identical 
with that described above, separating. This was removed, the filtrate was evaporated almost 
to dryness, and the solid was collected. 3: 5-D1-4’-pyridyl-1: 2: 4-triazole formed colourless 
needles (1 g.), m. p. 283° (from ethanol) (Found; N, 31-4. C,,H,N, requires N, 314%). This 
compound was also prepared by dissolving the crude hydrochloride of the above di-imine in 
hot water and boiling the solution for a short time until the triazole base separated, The 
bismethotoluene-p-sulphonate (V1) formed colourless prisms, m. p, 188° (from methanol-acetone) 
(Found: N, 11-4; S, 10-65. C,,H,N,,2C,H,,0,5 requires N, 11-8; S, 10-8). 

Alternative Preparations of 3: 5-Di-4’-pyridyl-1 : 2: 4-triazole (1V),—In the following 
methods the crude triazole was purified by dissolution in cold 2n-sodium hydroxide, repreci- 
pitation with 2n-acetic acid, and crystallisation from ethanol. 
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(a) Pyridine-4-carboxyhydrazide was heated with an equimolecular amount of pyridine-4- 
carboxyamide at 220-—-240° for 1 hr., or with pyridine-4-thiocarboxyamide at 140—150° for 
30 min. The yields were 6% and 27% respectively. 

(b) 1: 2-Dihydro-3 : 6-di-4’-pyridyl-1 ; 2: 4: 5-tetrazine (4-76 g.) was heated under reflux 
for 6 hr. in ethanol (50 ml.) containing potassium hydroxide (1-2 g.) which had been dissolved 
in the minimum of water, The solution was diluted with water and neutralised with 2n-acetic 
acid, to give the triazole (1-2 g.). 

(c) Pyridine-4-carboxyamidrazone hydrochloride (4-0 g.) was heated with water (400 ml.) 
in a sealed vessel at 130° for 45 min. The solution was concentrated in vacuo, and the insoluble 
material was separated into the triazole (0-4 g.) and dihydrotetrazine * (0-2 g.) by means of 
2n-sodium hydroxide. 

5-4'-Pyridyl-1 : 2: 3: 4-tetrazole (V).—A solution of sodium nitrite (7-5 g.) in water (40 ml.) 
was rapidly added to pyridine-4-carboxyamidrazone (18-2 g.), dissolved in 2n-acetic acid 
(150 ml.), at 0°. After 2 hr, the crude tetrazole was collected and crystallised from pyridine, to 
give colourless prisms (10-5 g.), m. p. 262—263° (decomp.) (Found: C, 48-5; H, 3-5; N, 47-3. 
C,H,N, requires C, 49-0; H, 3-4; N, 47-6%). 

3: 6-Di-4’-pyridyl-1 ; 2: 4: 5-tetvazine (VII).—-A solution of the dihydrotetrazine (32 g.) in 
boiling aqueous 50%, acetic acid (1-5 1.) was poured into the same cold solvent (6-51.). Sodium 
nitrite (9-4 g.) in a little water was slowly added to this mixture with constant stirring below 15°. 
After 10 min, the solution was neutralised with aqueous ammonia (d 0-88). The solid was 
crystallised from nitromethane and then from pyridine, to give deep magenta needles (21 g.) 
of the tetrazine, m. p, 258° (decomp.) (Found: C, 60-9; H, 3-5; N, 35-6. C,,H,N, requires 
C, 61-0; H, 3-4; N, 35-6%). A dilute solution of the base in dry chlorobenzene was heated 
under reflux, and the calculated amount of dimethyl sulphate was added slowly. The red, 
crude bismetho(methyl sulphate) (V111) (95%) was washed with dry ether, m. p. 200° (decomp.) 
(Found: N, 16-85; S, 13:3. C,,H,N,,2C,H,O,S requires N, 17-2; S, 131%). It could 
not be recrystallised, and decomposed readily in aqueous solution with evolution of nitrogen. 

4-Formylpyridine Pyvridine-4-carbonylhydvazone (I1X).—(a) The above tetrazine was heated 
under reflux with 2n-sodium carbonate until solution was complete (ca. 5 min.) The solution 
was neutralised with acetic acid to give the hydvazone (56°,), colourless needles (from water), 
m, p. 230° (Found: C, 64-4; H, 51; N, 24-0. C,,H,ON, requires C, 63-7; H, 4-46; N, 
248%). 

(b) Pyridine-4-carbonylhydrazide and 4-formylpyridine heated under reflux for 1 hr. gave 
the same product, as prisms, m. p. 232° (from nitromethane). 

Action of Dilute Acid on 1: 2-Dihydro-3 : 6-di-4’-pyridyl-1 : 2: 4: 5-tetrazine (II11).—-The 
dihydrotetrazine (37 g.) was suspended in 2n-hydrochloric acid (370 ml.), to give a dark, 
insoluble hydrochloride. The suspension was heated under reflux for 8—9 min., and the 
resulting yellow solution was cooled, affording 4-amino-3 : 5-di-4'-pyridyl-4 : 1: 2-triazole 
dihydrochloride (X) (22 g.), colourless prisms, m. p. 312° (from 4n-hydrochloric acid) (Found : 
C, 46-1; H, 42. C,H, N,,2HCl requires C, 46-3; H, 40%), converted by 2n-ammonia into 
the base, 335--340° (decomp.) (Found: N, 34-9. C,,H,)N, requires N, 35-3%). The filtrate 
was evaporated to dryness, and the solid was extracted with hot acetone to remove a little 
hydrazine dihydrochloride, m. p. 195°. The residue was redissolved in water and treated with 
sodium hydrogen carbonate, to give colourless needles (15 g.) of 1: 2-di(pyridine-4-carbony])- 
hydrazine (XI), m. p. 260° (Graf* gives m. p. 254°). 

2: 5-Di-4'-pyridyl-1:3:4-oxadiazole (XII).—1: 2-Di(pyridine - 4-carbonyl)hydrazine 
(108 g.) was added in portions with cooling below 35° to concentrated sulphuric acid (270 ml.). 
The solution was heated at 100° for 10 min., cooled, and poured on crushed ice. The mixture 
was neutralised with aqueous ammonia (d 0-88), to give the oxadiazole (32 g.), colourless needles, 
m. p. 185° (from water or methanol) (Found: C, 64-3; H, 3-49; N, 25-3. C,,H,ON, requires 
C, 643; H, 3-6; N, 25-0%). When heated with methyl! iodide in nitromethane it gave the 
bismethiodide (XIII) (67%) as orange needles, m. p. 278° (from aqueous acetone) (Found : 
N, 11-0; I, 48-9. C,,H,ON,2CH,I requires N, 11-0; I, 49-7%). 

Reaction between Pyridine-4-thiocarboxyamide and Hydrazine.—-The thioamide (330 g.), 
ethanol (620 ml.), and 100% hydrazine hydrate (130 ml.) were warmed to 40°. When the 
vigorous evolution of hydrogen sulphide had subsided, the mixture was heated under reflux for 
1 hr., cooled, and filtered. The filtrate was evaporated to dryness and the residue was leached 


* Possibly a mixture of 1; 2- and 1 ; 4-dihydrotetrazines (cf. thiazole analogue, p. 2255). 
* Graf, /. prakt. Chem., 1933, 188, 289. 
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out with boiling water (2-5 1.). The combined solid products were crystallised from aqueous 
70%, acetic acid, to give an acetate which dissociated at 100°, forming 1 : 2-dihydro-3 : 6-di-4’- 
pyridyl-1 ; 2; 4; 5-tetrazine (III) (140 g.), m. p. 275°. The acetic acid filtrate was evaporated 
to dryness, and the solid was extracted with boiling pyridine (600 ml.), from which 2; 5-di-4’- 
pyridyl-1: 3: 4-thiadiazole (XIV) separated as plates, m. p. 243° (30 g.). The residue 
crystallised from 2n-hydrochloric acid as flattened needles (35 g.) of 4-amino-3 : 5-di-4’-pyridyl- 
4:1: 2-thiazole dihydrochloride (X), m. p. 312°. 

The original aqueous extract was evaporated to dryness and the residue was fractionally 
crystallised from aqueous ethanol, to give small amounts of colourless plates, m, p. 227° 
(Found: C, 63-8; H, 4:6; N, 246. C,,H,,ON, requires C, 63-7; H, 4:5; N, 248%), and of 
colourless needles, m. p. 285° (Found ; C, 59-9; H, 4:6; N, 20-3. C,,H,,ON, requires C, 59-7; 
H, 4-6; N, 29-0%). 

Benzyl Pyvidine-4-thiocarboxyimidoate (XV) and tts Reaction with Hydrazine.—An ice-cooled 
solution of 4-cyanopyridine (5 g.) in toluene-w-thiol (25 ml.) was saturated with dry hydrogen 
chloride and kept at room temperature for 5 days. The solid mass was powdered under dry 
ether and collected. The deliquescent crude thioester hydrochloride (9-9 g.) was added in 
portions with cooling to a solution of hydrazine hydrate (5 ml.) in ethanol (50 ml.), and the 
solution was made neutral with 2n-hydrochloric acid (ca. 15 ml.), It was kept for 1 week, and 
the solid precipitate was collected. The solid was readily separated into 1 : 2-dihydro-3 : 6-di-4’- 
pyridyl-1 : 2: 4: 5-tetrazine (IIT) (1-5 g.), m. p. 271°, a little of the magenta tetrazine (VII), 
and dibenzyl disulphide, m. p. 69—-70°. Tasification of the filtrate gave 4-amino-3 : 5-di-4’- 
pyridyl-1 : 2: 4-triazole (X) (1-2 g.), m. p. 330° (decomp.). 

2-Cyanothiazole.—An intimate mixture of thiazole-2-carboxyamide (64 g.) and phosphoric 
oxide (52 g.) was distilled under reduced pressure, while the bath temperature was slowly raised 
from 140° to 220°. The colourless distillate was redistilled (b. p. 98°/24 mm.), to give the 
nitrile (42 g.), m. p. 31° (Found : N, 26-4; S, 29-2. C,H,N,S requires N, 25-4; S, 20-1%). 

Thiazole-2-carboxyamidrazone (1; R = 2-thiazolyl).2-Cyanothiazole (10 g.) was mixed 
with 100% hydrazine hydrate (10 ml.) at 0°. When the reaction had subsided, the mixture 
solidified. It was broken up with water (10 ml.) and filtered off at 0°. The amidvazone (8 g.) 
formed colourless needles, m. p. 106° (from light petroleum, b, p. 80-—100°) (Found: N, 39-55; 
S, 22-6. C,H,N,S requires N, 39-4; S, 22-55%), 

1: 2(or 1: 4)-Dihydro-3 : 6-di-2’-thiazolyl-1 : 2: 4: 5-tetvazine (111; R = 2-thiazolyl),-100%, 
Hydrazine hydrate (20 ml.) was added to 2-cyanothiazole (20 g.). The mixture was cooled at 
first to moderate the reaction, then heated on the steam-bath for 3 hr. The insoluble gummy 
product solidified after being washed with water and methanol. The dihydvrotetvazine (7 g.) 
formed orange needles, m. p. 209° (decomp.) from aqueous pyridine (Found: N, 33-3; S, 25-6. 
C,H,N,S, requires N, 33-6; S, 25-6%). 

Thiazole-2-thiocarboxyamide.—2-Cyanothiazole (30 g.) was dissolved in ethanol (60 ml.) and 
treated with saturated ethanolic ammonia (240 ml.). The solution was saturated at 0° with 
hydrogen sulphide. After 2 hr. the thioamide was collected. It formed bright yellow plates 
(24 g.), m. p. 176°, from water (Found: N, 19-35; S, 44:8. C,H,N,S, requires N, 10-4; 
S, 445%). 


We thank Mr. C. F. Attridge for part of the experimental work, Mr. S. Bance, B.Se., A.R.LC., 
for the semimicro-analyses, Dr. H. J. Barber for his interest, and the Directors of May & Baker 
Ltd. for permission to publish these results. 


THe Researcn Laporatories, May & Baker Lrv 
DAGENHAM, Essex Recewed, December 16th, 1955.) 


2258 Peat, Whelan, and Roberts: Determination of the Degree of 


438. Determination of the Degree of Polymerisation of Reducing 
Oligosaccharides. 


By STANLEY Peat, W. J. WHELAN, and J. G. Roserts. 
A microchemical method has been developed for the determination of the 
degree of polymerisation of reducing oligosaccharides, The technique involves 
reduction with sodium borohydride and the use of the anthrone reagent. 


In our studies of polysaccharide structure by the method of linkage analysis ' and of the 
products of enzymic breakdown of polysaccharides **. 4 we have frequently isolated hitherto 
unknown oligosaccharides, a first essential in the examination of which is the measurement 
of molecular weight. The yield in which these substances are obtained often means that, 
at most, only a few milligrams are available and attention was therefore directed to micro 
chemical methods. Such a method has been developed and is applicable to certain classes 
of reducing oligosaccharides, Non-reducing oligosaccharides present special problems 
which are not considered here. 

All known reducing oligosaccharides are so constituted that they contain only one free 
reducing group per molecule and a stoicheiometric determination of this group provides a 
measure of molecular weight. If the monosaccharide components of an oligosaccharide are 
known, then the molecular weight may be conveniently expressed as the degree of polymer- 
isation (DP), 4.¢., the number of monosaccharide units per molecule. A review of existing 
methods of assay of reducing-end groups revealed many unsatisfactory features. A widely 
used method is based on the oxidation, by alkaline hypoiodite, of the potential aldehydic 
group to carboxyl. This reagent gives satisfactory results with glucose and maltose but 
overconsumption of iodine becomes progressively more marked as the degree of polymeris- 
ation of the oligosaccharides increases.* Satisfactory results for maltodextrins were obtained 
with the Somogyi copper reagent ® 7 but it was clear that this method could not be generally 
applicable unless reference compounds of similar structure to the unknown were available, 
rhe same is probably true of alkaline ferricyanide oxidation which has been applied to 
maltodextrins. K. H. Meyer's 3: 5-dinitrosalicylate reagent * was at first claimed to 
have the properties sought, but later work '® revealed complicating features. After pre- 
liminary trials of other possible methods, the following procedure was adopted, in which 
advantage is taken of the fact that sodium borohydride quantitatively converts the re- 
ducing group of a sugar into the corresponding alcohol group, The reducing power of the 
acid hydrolysate of the oligosaccharide is compared with that of the acid hydrolysate of 
the borohydride-reduced oligosaccharide, An oligosaccharide of which the degree of poly- 
merisation is » will yield, when hydrolysed by acid, m reducing monosaccharide molecules 
before, and (n — 1) molecules after, treatment with sodium borohydride; measurement of 
the reducing powers of the two acid hydrolysates therefore enables n to be calculated. It 
is to be noted that hydrolysis of the borohydride-reduced oligosaccharide also liberates 
one mol. of a non-reducing sugar alcohol. 

In early experiments copper reagents 7.!' were employed to measure reducing power 
but the interference caused by the borate ion (from the borohydride) could not be eliminated 
We therefore examined the colorimetric anthrone-sulphuric acid reagent ™ which was 
found not to be affected by borate and has the additional advantage that the hydrolysis 
of the oligosaccharide and the colour development, which is the basis of the estimation, 

Peat, Whelan, and Edwards, /., 1955, 355. 
Whelan and Koberts, Nature, 1952, 170, 748. 
Idem, ]., 1953, 1298 
Whelan and Bines, Biochem. J., 1955, 61, i. 
‘ Polarimetry, Saccharimetry and the Sugars,’ Nat. Bur. Stand, Circular C440, Washington, 
», 208 
Vhelan, Bailey, and Roberts, /., 1953, 1293. 
’ Somogyi, J. Biol. Chem., 1945, 160, 61 
Nussenbaum and Hassid, Analyt. Chem., 1952, 24, 501 
Meyer, Noelting, and Bernfeld, Helv. Chim. Acta, 1948, $1, 103. 
Meyer, Wyk, and Feng, ibid., 1954, 37, 1619 


Shafter and Hartman, /. Biol. Chem., 1921, 45, 377 
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are accomplished simultaneously by the hot acid reagent. The method is not suitable for 
pentose oligosaccharides, since the colours developed by pentoses with the anthrone reagent 
are too transient. For hexose oligosaccharides however, anthrone is to be preferred to 
copper reagents, inasmuch as the former gives the same intensity of colour with different 
hexoses, ¢.g., glucose and fructose, mannose and galactose.4* Consequently oligosaccharides 
constituted of two different monosaccharides may be assayed by this method whereas 
copper reagents could not be employed because of the widely varying copper-reducing 
powers of different hexoses.™ 

Some results obtained with polymers of glucose and glucose-fructose are shown in the 
Table, in which oligosaccharides with degrees of polymerisation ranging from 2 to 5 have 
been studied. An obvious limitation to the examination of larger molecules is the fact 
that as the degree of polymerisation increases the difference between the reducing powers 
of the hydrolysate of the reduced and the unreduced oligosaccharide decreases. The re- 
producibility of the analysis is such that 7 probably represents the upper limit for the 
degree of polymerisation. 

Quadruplicate estimations of anthrone-reducing powers were made in the present in- 
vestigations but duplicate estimations would probably be sufficient for the smaller mole- 
cules. For example, the average degree of polymerisation found for maltose was 2-0, 
permutation of eight individual readings showing a variation in estimation of degree of 
polymerisation from 1-9to2-1. For the pentasaccharide (Found: average DP 5-0) the vari- 
ation was from 43 to 5:7, Unexpectedly, maltulose required several days for complete 
reduction in contrast to the oligosaccharides (including turanose) listed in the Table which 


Degree of polymerisation of some reducing oligosaccharides. 
Degree of 
Reducing power polymerisation 
Oligosaccharide Symbol quotient (Q) * (oO ~1)) 


Cellobiose 20 
O-B-b- Fructofuranosyl - (2-»6) -p- 
glucose ... 


Gentiobiose 


20 
20 
21 
20 
20 
21 
30 
30 
40 


50 


Laminaribiose . 
Maltose ......... 
isoMaltose .......... 
Turanose 
Maltotriose 


‘e 
% 
°e 
Ye 
‘e 
°e 
] 


~ > 


Panose 


- 


Maltotetraose 


— 


Pentasaccharide 


re) pD-glucopyranose; @ free reducing glucose unit; ©, @ = corresponding symbols for 
p-fructose 
* Quotient of reducing powers developed by the unreduced and reduced oligosaccharides 


were treated with borohydride for one hour only. No evidence appeared in any of these 
experiments to suggest that borohydride causes the reductive scission of glycosidic linkages, 
as claimed by Hough, Jones, and Richards.4° This claim has been investigated and has 
not been confirmed.'® 
EXPERIMENTAI 

Sugars.—Glucose, maltose, and cellobiose were commercial specimens, Turanose was pre- 
pared from melezitose,” gentiobiose from glucose, the pentasaccharide by a-amylolysis of 
waxy-maize amylopectin, and O-§-p-fructofuranosy!-(2->6)-p-glucose by the action of yeast 
invertase on a mixture of methyl @-fructofuranoside and glucose,” Panose was the gift of 

'® Yemm and Willis, Biochem. J., 1954, 57, 508 

'* Ref. 5, p. 190 

'® Hough, Jones, and Richards, Chem. and Ind., 1953, 1064 

'€ Whelan and Morgan, Chem. and Ind., 1955, 1449 

'? Hudson and Pacsu, J. Amer. Chem. Soc., 1930, §2, 2519 

'* Peat, Whelan, and Hinson, Nainure, 1952, 170, 1056 

'* Whelan and Jones, Biochem. J., 1953, 54, xxxiv 
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Dr.S.C. Pan. Laminaribiose, isomaltose, and malto-triose and -tetraose were prepared by partly 
hydrolysing laminarin, dextran, and amylose, respectively, and fractionating the mixtures on 
charcoal-Celite.* 

Anthrone and Sodium Bovohydride Reagents.-Anthrone (1 g.) was dissolved in “ Analak "’ 
sulphuric acid (d 1-840) to give 500 ml. of solution which was stored at 0° and renewed after 
2 days. 

The sodium borohydride solution was 2-5%, (w/v) and was freshly prepared, In order that 
the unreduced sample of sugar solution should contain the same concentration of borate ion as 
that subjected to reduction there was added sodium borohydride (2-5%, w/v) inactivated by 
dissolution in N-sulphuric acid, 

Standardisation of the Anthrone Reagent.-An approx. 01% solution of glucose is required. 
The concentration need not be known accurately since units of concentration are not involved 
in the ratio of colour intensities given by the reduced and the unreduced specimen of the test 
sugar. 

To five E.E.L. colorimeter tubes (10 ml. capacity, Evans Electroselenium Ltd.) were added 
water (3 ml.) or glucose solution (0-5, 1-0, 1-5, and 2-0 ml.), the glucose solutions being diluted 
to 3 ml. with water. Inactivated borohydride solution (0-2 ml.) and 5n-sulphuric acid (0-8 ml.) 
were then added, the contents mixed, and the tubes dipped in cold water. Anthrone reagent 
(6 ml.) was added, slowly from a burette, the mixture being stirred with a glass rod; the addi- 
tion occupied 0-5 min. Each tube was covered with a glass bulb, transferred to a boiling-water 
bath for 7-5 min., and cooled for 3 min. in water, and the optical density at 680 my (Ilford no. 
608 filter) was measured in the E.E.L. colorimeter against water. Each standardisation was 
performed in duplicate and the curve relating mean optical density to glucose concentration 
plotted. The upper region of the curve always showed a slight departure from linearity. 
Under these conditions glucose and fructose give the same colour yield, but sorbitol gives no 
colour at an equivalent concentration. 

Determination of Degree of Polymerisation.—Four samples of the test sugar (0-15-—0-20 mg. 
in 3 ml. of solution) were treated with inactive sodium borohydride and freshly standardised 
anthrone reagent, as described for glucose, Four similar samples were each treated with active 
borohydride (0-2 ml.) for 1 hr. at room temperature, 5n-Sulphuric acid (0-8 ml.) was added, 
followed by anthrone reagent as before, The mean optical density of each batch of sugar was 
then converted into glucose equivalents by using the calibration curve, and the values so obtained 
were used to give the degree of polymerisation as described in the Discussion. 


We thank the Brewing Industry Research Foundation for a maintenance grant (to J. G. R.). 
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439. Structural Chemistry of the Alkoxides. Part VI.* 
Primary Alkoxides of Quadrivalent Cerium and Thorium. 


By D. C. Brapiey, A. K. CHatrerser, and W. WARDLAW. 


Ceric alkoxides, Ce(OR), where R = Me, Et, Pr®, Bu", Bu’, n-pentyl, or 
neopentyl, have been prepared, by reactions involving (C,H,N),CeCl,, 
ammonia, and the appropriate alcohol, and by alcohol interchange on 
Ce(OPr'),,PrOH. Only the mneopentyloxide was volatile. Molecular 
weights were determined in boiling benzene and in boiling toluene. Thorium 
alkoxides, Th(OR), where R « Bu", m-pentyl and meopentyl, were also 
prepared and their molecular weights determined ebullioscopically in benzene. 
The molecular complexities of normal alkoxides of Ti, Zr, Ce’, and Th are 
discussed from the theoretical viewpoint. 


EARLIER work on the alkoxides of Group IVA elements showed that for titanium,! 
zirconium,? hafnium,’ and thorium * the volatility and molecular complexity of the metal 
alkoxide was chiefly determined by the radius of the metal atom and the degree of branching 


* Part V, /., 1966, 1139. 


* Bradley, Mehrotra, Swanwick, and Wardlaw, J., 1953, 2025 (for earlier references), 
* Bradley, Mehrotra, and Wardlaw, /., 1953, 1634 
* Bradley, Saad, and Wardlaw, /., 1954, 3488 
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of the alkyl group. Since quadrivalent cerium may reasonably be regarded as a Group 
IVA element, the examination of ceric alkoxides was of special interest. In particular 
there was the possibility that ceric alkoxides might not exist as stable compounds, owing 
to the tendency of cerium to assume the tervalent state as revealed by the instability of 
all tetrahalides except the fluoride. 

Although cerium tetrachloride is unstable, the dipyridinium cerium hexachloride 
(C5H,N),CeCl, is so stable that it may be dried at 120° im vacwo. Moreover, the complex 
chloride reacted exothermally with n-butyl alcohol and ammonia in benzene, and cerium 
tetra-n-butoxide was thus obtained : 


(CsH,N),CeCl, 4+ 4Bu°OH + 6NH, —— Ce(OBu*), + 2C,H,N + 6NH,Cl 


The tetramethoxide and the tetraethoxide were formed in analogous reactions but could 
not be isolated because they were insoluble, On the other hand, from the reaction involving 
isopropyl alcohol a soluble product [Ce(OPr'),|5,C;H,N was isolated. Recrystallisation 
of this from pyridine afforded Ce(OPr'),,C;H,N, and from isopropyl alcohol gave 
Ce(OPr'),,Pr'OH. This behaviour of cerium is analogous to that of zirconium ‘ and differs 
from that of thorium. The pure isopropoxide was used as starting material for the 
preparation, by alcohol interchange, of the primary alkoxides Ce(OR),, where R = Me, 
Et, Pr®, Bu", Bu', n-pentyl, and neopentyl. All of these compounds were bright yellow 
solids, extremely susceptible to hydrolysis. Only the neopentyloxide could be volatilised 
(sublimes at 260°/0-05 mm.); the others decomposed, without melting, above 200° in vacuo, 
Molecular weights (see Table) were determined ebullioscopically in benzene and in toluene 
for all of these compounds, except the methoxide and the ethoxide which were insoluble, 
The most important feature of these results is the high degree of polymerisation of the 
non-volatile ceric alkoxides, and the lower molecular complexity of the volatile neopenty]l- 
oxide, in accord with the stereochemical theory }}* proposed to explain the properties of 
the Group IVA alkoxides. The results also show that chain length has little influence on 
the molecular complexity of the non-volatile compounds. On the other hand, increase in 
temperature lowers the molecular complexity from an average value of 4-22 in boiling 
benzene to 3-43 in boiling toluene. Before discussing these results in relation to the 
behaviour of the alkoxides of other Group IVA elements it is necessary to present some 
additional results on the primary alkoxides of thorium. In an earlier communication * 
it was shown that the methoxide and the ethoxide of thorium were insoluble non-volatile 
compounds. We have now found that the n-butyl, m-pentyl, and neopentyl derivatives 
Th(OR),, are soluble in benzene and their molecular weights have been determined 
ebullioscopically (see Table). None of these thorium alkoxides could be volatilised in vacuo 


Ce(OR), in benzene Ce(OR), in toluene Th(OR), in benzene 
Mol. complexity M Mol. complexity M Mol. complexity 
295 : ous 
1808 3- 3370 6:44 
1470 on - 
1660 3695 6-20 
neoPentyl : , 1200 2325 4-01 
and their high molecular complexities are consistent with this. The remarkable steric 
effect of the neopentyl] group is again evident. 

The molecular complexities (in boiling benzene) of the tetra-n-alkoxides of titanium, 
zirconium, cerium, and thorium are now known, viz., Ti < 3-0, Zr 3-4, Ce 42, Th 6-3. In 
terms of our stereochemical theory for metal alkoxides these values imply the order of 
atomic radii, Th > Ce > Zr > Ti. Recorded values® are Ti 1-36, Zr 1-48, Ce 1-65, 
Th 1-65 A. The properties of cerium n-alkoxides are thus extremely interesting. On the 
one hand they resemble the zirconium derivatives more than the thorium derivatives in 
molecular complexity, but on the other their lack of volatility places them close to 

* Bradley, Halim, Sadek, and Wardlaw, /., 1952, 2032 


* Bradley, Saad, and Wardlaw, J., 1954, 1091 
* Sidgwick, “‘ The Chemical Elements and their Compounds,” Oxford, 1960, Vol. 1, p. xxix 
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the thorium compounds, Again, cerium forms the compounds Ce(OPr'),,C,H,N and 
Ce(OPr'),,Pr'OH analogously to zirconium whilst thorium tetrassopropoxide does not take 
up an addendum. If the values recorded for the atomic radii are assumed to be correct 
it appears that the differences between the alkoxides of cerium and thorium must be 
caused by electronic factors. This is qualitatively confirmed by the fact that thorium 
alkoxides are alkaline to phenolphthalein or thymolphthalein whereas cerium alkoxides 
are feebly acidic. It is also ix; accord with the preparation of chloride-free cerium alkoxides 


Structure of M,(OR),, 
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from pyridinium cerium hexachloride (analogously to zirconium‘) in contrast to the 
behaviour of pyridinium thorium hexachloride.® It may well be that the ionic character 
of thorium n-alkoxides is responsible for the higher molecular complexities of these 
compounds compared with the cerium derivatives. 

With regard to the structural aspects of the Group IVA alkoxides we have already 

pointed out +? that the smallest polymer available to a tetra-alkoxide in which the metal 
is 6-co-ordinate is the trimer [M(OR),),. This appears to be true for titanium n-alkoxides 
which approach the limiting trimeric state at high concentrations in benzene, the maximum 
covalency of titanium being six. Zirconium, cerium, and thorium form tetra-acetyl- 
acetone compounds in which the metal is presumably 8-co-ordinate, hence it is not surprising 
that their n-alkoxides have molecular complexities exceeding three. The smallest possible 
polymer unit for a tetra-alkoxide of a metal exhibiting the co-ordination number 8 is an 
octamer. The framework of this structure consisting of eight cubes arranged in a flat 
ring is shown in the Figure. Hence, the molecular complexities of normal alkoxides of 
zirconium, cerium, and thorium should be within the range 3—8 depending on the pro- 
portion of 6-co-ordination to 8-co-ordination exhibited by the metal. For example, in a 
ystem containing only trimers and octamers with the number of 6-co-ordinate metal 
atoms equalling the number of 8-co-ordinate the average complexity would be 4°36 (cf. 
Ce 4-23). Similarly for thorium n-alkoxides (complexity 6-3) it appears that approximately 
20°, of the thorium is 6-co-ordinate and the remainder 8-co-ordinate, whilst for zirconium 
n-alkoxides (complexity 3-4) it appears that over 80% of the zirconium is 6-co-ordinate. 
The comparative behaviour of cerium alkoxides in benzene and in toluene shows that 
these proportions of 6-co-ordination to 8-co-ordination for the metal are strongly tem- 
perature-dependent 


EXPERIMENTAL 


The experimental technique followed was similar to that already described \**® for the 
preparation of other metal alkoxides which are readily hydrolysed. 

Cerium was determined by precipitation as ceric hydroxide followed by ignition to CeQ,. 
In the determinations of methoxide, ethoxide, and isopropoxide allowance was made for the 
liberation of iodine caused by the reduction of cerium from Ce!Y to Ce™!, 

The starting material was pure ceric ammonium sulphate prepared from cerium dioxide 
containing less than 0-1% of other lanthanons. 


’ Bradiey, Wardlaw, and Whitley, /., 1955, 726 
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Dipyridinium Cerium Hexachloride.—Previous methods** for preparing this compound 
were unsatisfactory and the following method is the result of considerable research, Ceric 
hydroxide was precipitated by the addition of excess of aqueous sodium hydroxide (containing 
some bromine) to a solution of ceric ammonium sulphate (50 g.). After repeated washing, 
first with water, then with absolute alcohol, the ceric hydroxide was suspended in absolute 
alcohol (500 c.c.), and anhydrous hydrogen chloride was passed in. The solution was cooled 
during the absorption of hydrogen chloride (about 20 hr. required) and finally filtered. Pyridine 
(‘ AnalaR ’’; 14 c.c.) was added to the deep red filtrate, and the solution treated with more 
hydrogen chloride. The bright yellow complex chloride then crystallised and was filtered off 
and dried at 120°/0-1 mm. for 3 hr. (yield 31:7 g.) [Found: Ce, 27-3; Cl, 41-4. Cale. for 
(CysH,N),CeCl, : Ce, 27-3; Cl, 41-56%). 

Formation of Ceric Alkoxides from the Complex Chloride.—(a) Methoxide. Ammonia, passed 
into the red solution of the complex chloride (11 g.) in methyl aicohol (47 g.) and benzene (43 g.), 
caused an exothermic reaction and precipitation of a yellow solid. The filtrate contained no 
cerium but the residue (MeO : Ce = 3-3) evidently contained precipitated Ce(OMe),. 

(b) Ethoxide. A similar reaction occurred between the complex chloride (6-1 g.), ethyl 
alcohol (39 g.), benzene (94 g.), and ammonia, The yellow precipitate (7:1 g.; EtO ; Ce = 3-8) 
contained precipitated Ce(OFt),. 

(c) isoPropoxide. The reaction involving the complex chloride (18-3 g.), isopropyl alcohol 
(41:5 g.), and ammonia in benzene (167-5 g.) produced a voluminous white precipitate. After 
removal of excess of ammonia the product was filtered off. A yellow solid (10 g.) was obtained 
by evaporation of the filtrate {Found: Ce, 35-0; Pr'O, 581. (Ce(OPr'),),,C,H,N requires 
Ce, 34:8; Pr'O, 586%}. This material (4 g.) was crystallised from pyridine (10 c.c.), and the 
crystalline product (3-5 g.) was dried at 0-1 mm. and room temperature [Found : Ce, 30-8; 
Pr'O, 51-6. Ce(OPr'),,CsH,N requires Ce, 30:8; Pr'O 51-9%]. Another sample of the original 
product was recrystallised four times from isopropyl] alcohol, and the final product dried at room 
temperature under reduced pressure [Found ; Ce, 32-2; Pr'O, 67-6. Ce(OPr'),,Pr'OH requires 
Ce, 32:1; Pr'O, 67-6%]). 

(d) n-Butoxide. From the reaction involving the complex chloride (28-9 g.), n-butyl alcohol 
(136 g.), and ammonia in benzene (180 g.), a yellow solid alkoxide (7-2 g.) was finally obtained 
after removal of ammonium chloride and evaporation to dryness [Found : Ce, 32:3. Ce(OBu"), 
requires Ce, 32-4%]. 

Ceric Alkoxides prepared by Alcohol-interchange.—(a) Methoxide. Addition of methyl 
alcohol (130 g.) to a solution of ceric isopropoxide, Ce(OPr'),,Pr'OH (4-8 g.) in benzene (50 g.) 
caused immediate precipitation of a yellow powder, After refluxing for 3 hr. the supernatant 
liquor was removed by decantation, more methy] alcohol (120 g.) added to the residue, and the 
previous treatment repeated. Yellow crystals (3-1 g.) were obtained after drying at 0-1 mm 
and room temperature (Found: Ce, 53:1; MeO, 45-9. Ce(OMe), requires Ce, 63-0; MeO, 
47:0%|. The tetramethoxide was insoluble in boiling methy! alcohol, benzene, or pyridine, 

(b) Ethoxide, Ceric isopropoxide (3-1 g.) in benzene (20 c.c.) was converted into the ethoxide 
by successive treatments with ethyl alcohol (300 c.c.; 100 c.c.) as in the foregoing experiment, 
The yellow insoluble product (2:1g.) was dried as above [Found: Ce, 43-9; EtO, 56-0. 
Ce(OFt), requires Ce, 43-8; EtO, 56-2%), 

(c) Higher alkoxides. These were prepared by azeotropic distillation of ceric isopropoxide 
and the appropriate alcohol in benzene. The new alkoxides were obtained by evaporating 
the solution remaining after the removal of the benzene-sopropyl alcohol azeotrope (see 
Table) 


Ce (%) 


ROH taken Ce(OPr'),, PrOH C,H, Yield of Ce(OR), ~~ fa. 
(c.c.) taken (g.) (€.c.) (g.) Found Reqd 
100 2-46 37-2 
Ww 3-8 32-45 
shoes 200 39 32-4 
neoPentyl ... . , 160 20° + 2-5f¢ 28°68 3 
n-Penty! ° , 100 23° 28-9 
* Ist crop of crystals. + 2nd crop of crystals 
t Analysis of sublimate (260°/0-05 mm.) 


> 
Preparation of Thorium Alkoxides.--The new alkoxides (see Table, p, 2264) were obtained by 
alcohol interchange on thorium tetraisopropoxide.* 


* Képpel, Z. anorg. Chem., 1898, 18, 305 
* Grant and James, J. Amer, Chem. Soc., 1915, 37, 2652 
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} Th (%) 
ROH taken Th(OPr'), C,H, Yield of Th(OR), ————a~— _ 
KR taken (g.) (c.c.) Found Reqd. 
Hu" : 30 200 3°: 44:3 44-3 
neoVentyl , ' 3-2 1060 3°! 40-2 40-0 
n-Pentyl ... , 2t 3-5 200 : 40-15 4-0 


Molecular-weight Determinations.-These were made in the modified Menzies—Wright 
ebulliometer described previously ” with the technique “ involving ‘' internal calibration ”’ 
to check the results obtained by the normal method. Some typical results are tabulated. 


Solvent ~~ 
Alkoxide Range of m (g.) (g.) AT /m Found 
COLOPT) g ceccccsceececeerseees O-O415-——-0-4122 16-04 O-114° * 1620 
= treveesessese 010652—0-2688 15-59° 93-3 ¢ 1295 
Ce(OBu®), .... coe 0°0528-—0-1286 15-84 * 0-102 * 1820 
ae . 00402—0-1014 15-23 82-3 ¢ 1504 
Cel(OBu'), . 00164—0-1248 13-644 0-119 * 1810 
- ‘ tiveeseee O0461-—0-1592 15-68 ° 81-8 ft 1470 
Ce(OAm*), . 0°0626—0°2934 16°30 4 0-088 * 2050 
, 0-0381--0-2152 16-21° 69-8 f 1660 
Ce(OCH,Bu' . 00170-01679 17-084 0-139 * 1236 
* : . 0-0198—4-1749 14-37" 109-1 + 1200 
Th(OBu*),. oveee . 00841—0-2780 13-23 0-0614* 3370 
PR(OC GH jy) g cececesseeveeee O-O812—0-2271 15-724 0-0822 * 3595 
rh(OCH, But), ceveee 0°0402—0-1734 16-72° 0-0678 * 2325 
“ Benzene. * Toluene, 
* AT in °c. ¢ AT in mm. of water-pressure difference in the water-thermometer 


The authors are indebted to Imperial Chemical Industries Limited for a grant for purchase 
of the ceric ammonium sulphate. One of them (A. K.C.) thanks Patna University for study 
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440. Benzoyloxylation, Halogenation, and Phenylation of Aromatic 
Compounds by Silver Bromide Dibenzoate and Silver Iodide Dibenzoate. 


By D. Bryce-Smirn and Peter CLARKE. 


The complexes (Ph’CO,),AgHal which are formed by the reaction between 
silver benzoate and bromine or iodine can react with aromatic compounds in 
the three ways indicated in the title. Evidence is presented that the phenyl 
ation is a homolytic process which involves free phenyl radicals derived from 
thermal decomposition of the complexes, Of the two reagents, silver iodide 
dibenzoate tends to give the higher proportion of phenylation products. The 
benzoyloxylation and the halogenation both have the character of electro 
philic substitutions. The nucleophilic character of the substrate appears 
largely to determine the proportions in which the three reactions occur. The 
relative velocities of benzoyloxylation and bromination are reversed on 
passing from chlorobenzene to anisole. The reason for this is discussed with 
reference to the possibility of transition-state resonance involving the entering 
substituent 


KeACTIONS between silver carboxylates and halogens have often been used to prepare 
organic halides, particularly alkyl halides..* The overall equation may be written 
RCO Ag + X,—» RX + CO, + AgX (X = halogen). It has been suggested that RX 


' Kleinberg, Chem. Rev., 1947, 40, 381 
johnson, Ann, Reports, 1949, 46, 154 
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is formed by the decarboxylation of an intermediate acyl hypohalite, R-CO,X.4* How- 
ever, Simonini ® showed that the reaction of a silver carboxylate with one atomic equivalent 
of a halogen gives a complex of the general formula (R-CO,),AgX, and this has 
been confirmed by subsequent workers.*7 Prévost * found that these complexes—the 
silver halide dicarboxylates—can oxidise olefinic compounds to give glycol esters, but that 
a substitution occurs with acetylenes:* ¢.g., (Ph°CO,),Agl -+- R°C8CH —® R-CAaCl +- 
Ph-CO,Ag + Ph-CO,H. Reactions between silver halide dicarboxylates and aromatic 
compounds have received little attention. Birckenbach and Meisenheimer ' observed 
that aryl halides and benzoates were produced when silver benzoate was treated with two 
atomic equivalents of a halogen in the presence of certain aromatic compounds; but the 
active reagents under their conditions were probably not silver halide dibenzoates. 
Prévost and Wiemann *® obtained phenyl benzoate from an attempted preparation of silver 
bromide dibenzoate in benzene, and they thought it likely that the aromatic solvent took 
part in the reaction. 

The present work is an examination of the reactions between two silver 
halide dibenzoates and five aromatic compounds of differing nucleophilic character. A 
preliminary account has already been presented by one of us." 


EXPERIMENTAL 

Preparation and Purification of Materials.—Silver benzoate was prepared from equimolecular 
proportions of sodium benzoate and silver nitrate. ‘‘ Analak ’’ bromine and iodine were used. 
Benzene and n-pentane were purified as described by Bryce-Smith and Turner." Nitrobenzene 
and chlorobenzene were purified as described by Augood, Hey, and Williams. Anisole was 
shaken with aqueous sodium hydroxide, washed, dried, and distilled through a 180-cm. column 
of Fenske helices, a middle fraction boiling over a range of 0-1° being used. fert.-Butylbenzene 
was prepared from fert.-butyl chloride and benzene by the Friedel-Crafts method, and was 
shaken repeatedly with portions of concentrated sulphuric acid, washed, dried, and fractionated 
as for anisole, All materials and apparatus were thoroughJy dried before use. Reactions were 
performed under nitrogen. 

General Procedure for the Preparation and Decomposition of the Complexes,—(i) Silver bromide 
dibenzoate, Two methods were used to prepare this reagent. In the cases of the less reactive 
solvents, nitrobenzene, chlorobenzene and benzene, | atomic equivalent of bromine was added 
dropwise to a well-stirred suspension of silver benzoate in the solvent at room temperature, 
residues being washed in with a little additional solvent. The bromine reacted almost 
immediately under these conditions. In the cases of fert.-butylbenzene and anisole, the 
possibility of direct bromination of the solvent was avoided by preparing the reagent separately 
in the minimum amount of n-pentane before its addition to the aromatic compound. The 
mixture was kept at therequired temperature until a sample of the stirred suspension showed no 
oxidising power with aqueous potassium iodide. ‘The silver salts were removed by filtration and 
treated with dilute ammonia solution to extract silver benzoate, which was estimated as silver 
iodide. Free benzoic acid was extracted from the organic solution with saturated aqueous 
sodium hydrogen carbonate solution (5 x 100 ml.). The other organic products were separated 
and identified by methods appropriate to each. 

(ii) Silver todide dibenzoate. A procedure similar to that above was employed, finely 
powdered iodine being added from a gas-tight hopper. Since iodine is unreactive towards all 
the solvents which were used, the preliminary preparation of the complex in m-pentane was 
unnecessary, 

The yields of products not mentioned in experiments (a)—(j) below are listed in Tables 1 
and 2. 

* Birckenbach, Goubeau, and Berninger, Ber., 1932, 65, 1339 

* Bockemiller and Hofmann, Annalen, 1935, 619, 165 

®* Simonini, Monatsh., 1893, 14, 81 

* Wieland and Vischer, Annalen, 1926, 446, 49 

? Crawford and Simonds, J. Amer. Chem. Soc., 1955, 77, 2605 
* Prévost, Compt. rend., 1933, 196, 1120; 197, 1661 

* Prévost and Wiemann, thid., 1937, 204, 980 

‘* Birckenbach and Meisenheimer, Ber., 1936, 69, 723 

1! Bryce-Smith, Nature, 1953, 172, 863 

** Bryce-Smith and Turner, J., 1953, 861. 

* Augood, Hey, and Williams, /., 1962, 2094. 
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Reactions of Silver Bromide Dibenzoate with Aromatic Compounds.—(a) Nitrobenzene. The 
complex was prepared from silver benzoate (25-88 g.) and bromine (9-018 g.) in nitrobenzene 
(240 ml.) and its decomposition was complete after 20 hr. at 45°. Carbon dioxide was evolved, 
After the removal of nitrobenzene by fractionation under reduced pressure, a yellow liquid 
product was obtained, having b. p. 105—140°/0-4 mm, (3-3 g.). This partly solidified in ice. 
Recrystallisation from ethyl alcohol, repeated four times, gave m-nitrophenyl benzoate (0-4 g.), 
m, p. 91° and mixed m, p. 92° (Found: N, 5-7, Calc. for C,,H,O,N: N, 575%). Control 
experiments showed that any of the less-soluble para-isomer would have been concentrated by 
this process. The mother-liquors from the recrystallisation were combined and the alcohol was 
removed under reduced pressure. The residue was heated under reflux with 10% aqueous 
potassium hydroxide (50 ml.) for 20 hr. Unhydrolysed material was extracted with ether. 
Distillation of the dried extract gave a mixture of nitrodiphenyls (0-8 g.), b. p. 115—122°/0-3 mm. 
(Found: N,70. Cale, for C,,H,O,N: N, 7-06%). 

(b) Chlorobenzene. The complex was prepared from silver benzoate (24-27 g.) and bromine 
(8-495 g.) in chlorobenzene (250 ml.), and its decomposition was complete after 40 hr. at 20°. 
No carbon dioxide was evolved. Chlorobenzene was removed by fractionation under reduced 
pressure, Distillation of the residue gave a fraction, b. p. 120--160°/1 mm, (6-1 g.), which was 
largely a mixture of isomeric chlorophenyl benzoates, Kecrystallisation of a portion from 
alcohol gave p-chlorophenyl benzoate, m. p. and mixed m. p. 88° (Found: Cl, 15-4. Calc. for 
CysH,O,Cl: Cl, 15-25%). Another portion (2-2 g.) was purified for infrared analysis (described 
below) by chromatography on silica gel, with mixtures of light petroleum (b. p. <40°) and 
methylene dichloride as eluants. 2-0 G. of colourless material were obtained after redistillation. 
A little brown material remained on the column, No odour of chlorodiphenyls was detected. 

(c) Benzene. The complex was prepared from silver benzoate (22-70 g.) and bromine 
(8284 g.) in benzene (290 ml.), and its decomposition was complete after 5 hr. at 20°. Nocarbon 
dioxide was evolved, Benzene was distilled off at 760 mm. The residue gave bromobenzene 
(0-34 g.), b. p. 45-—-56°/22 mm. (Found: Br, 50-3. Calc. for C,H,Br: Br, 50-9%), and phenyl 
benzoate (6-17 g.), m. p. 64-—-66° without recrystallisation. Recrystallisation from alcohol gave 
pure phenyl benzoate, m, p. and mixed m. p, 68°. No odour of diphenyl was detected. 

In a control experiment, silver benzoate (12-4 g.) was stirred with benzene (100 ml.) and 
bromobenzene (10 g.) for 1 hr. at 80°. No silver bromide was produced. 

(d) tert..Butylbenzene. The complex was prepared from silver benzoate (25-46 g.) and 
bromine (8-897 g.) in m-pentane (190 ml.).  ¢ert.-Butylbenzene (200 ml.) was then added and the 
mixture was stirred at 20° for 560 hr. No carbon dioxide was evolved, The solvents were 
removed and the bulk of the residue was distilled over the range 40—145°/0-5 mm. This 
material was heated under reflux with 10% aqueous potassium hydroxide (50 ml.) for 20 hr, 
Extraction with ether gave a slightly impure mixture of bromo-tert.-butylbenzenes (0-783 g.), 
b, p. 100-—116°/20 mm, (Found ; C, 59-6; H, 6-4; Br, 33-4. Calc, for C,,H,,Br: C, 56-4; H, 
6-1; Br, 37-56%). The analysis corresponding to a mixture containing 15 mol. % of fert.-butyl- 
benzene as impurity is: C, 59-6; H, 66; Br, 338%. On this basis, the corrected yield of 
bromo-tert,-butylbenzenes is 0-70 g. The aqueous layer from the hydrolysis was saturated with 
carbon dioxide, and the phenols were extracted with ether. By recrystallisation of the toluene- 
p-sulphonates from methanol, p-tert.-butylpheny! toluene-p-sulphonate (0-06 g.) was obtained. 
with m. p, and mixed m. p. 110—111°. The aqueous layer from the hydrolysis also furnished 
benzoic acid (0-72 g.), from which yield the total yield of esters was calculated (Table 1). 
i-xperimental difficulties prevented any more detailed investigation of the products of this 
reaction. The low yields of substitution products are attributed to attack of the alkyl side- 
chain in a competing reaction ; cf. experiment (k). 

(ce) Anisole. The reagent was prepared from silver benzoate (24:16 g.) and bromine (8-438 g.) 
in m-heptane (120 ml.). Anisole (150 ml.) was then added. The reaction was complete after 
15 minutes’ stirring at 20°. No carbon dioxide was evolved. After removal of the solvents 
the bulk of the residue distilled over the range 90-—-106°/17 mm. (4:58 g.). This was heated 
under reflux with 20% aqueous sodium hydroxide (5 ml.) for 4 hr. Extraction with ether and 
distillation of the extract gave p-bromoanisole (4-20 g.), b. p. 100-—-106°/17 mm., m. p. and mixed 
m, p. 12-5° (Found; Br, 42-4, Cale, for C,H,OBr: Br, 42-8%), Since the pure para-isomer 
was obtained directly by distillation in this way, the ortho- and the meta-isomer must have been 
absent. Benzoic acid (0-15 g.) was obtained from the aqueous layer from the hydrolysis. 

({) Competition experiment between benzene and chiorobenzene. The complex was prepared 
from silver benzoate (16-85 g.) and bromine (5-887 g.) in a mixture of benzene (44-0 g.) and 
chlorobenzene (276-5 g.), The mixture was stirred at 20° for 15 hr. The resulting mixture of 
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phenyl benzoate and isomeric chlorophenyl benzoates was purified for infrared analysis by 
methods similar to those described in experiment (b). 

Reactions of Silver Iodide Dibenzoate with Aromatic Compounds.—(g) Nitrobenzene. The 
complex was prepared from silver benzoate (21-99 g.) and iodine (12-19 g.) in nitrobenzene 
(200 ml.). The mixture was stirred at 130° for 22 hr. Carbon dioxide was slowly evolved. 
The neutral products were worked up as in experiment (a). In the present case, recrystallisation 
of the mixture of nitrodiphenyls and nitrophenyl benzoates gave 4-nitrodiphenyl, m. p. and 
mixed m. p. 110—111°. Hydrolysis of the material obtained from the combined mother- 
liquors gave nitrodiphenyls (2-96 g.) (Found: C, 71-75; H, 46; N, 7:3. Cale. for C,,H,O,N : 
C, 72-35; H, 4:55; N, 7-05%), together with benzoic acid (1-6 g.). 

(h) Chlorobenzene. The complex was prepared from silver benzoate (22-55 g.) and iodine 
(12-50 g.) in chlorobenzene (300 ml.). The mixture was stirred at 130° for 20 hr. Carbon 
dioxide was slowly evolved. The neutral product, a mixture of chlorodiphenyls and chloro- 
phenyl! benzoates (5-80 g.), was collected over the b. p. range 80-—140°/0:3 mm. This mixture 
was heated under reflux with 10% aqueous potassium hydroxide (100 ml.) for 20 hr. Extraction 
with ether gave chlorodiphenyls (3-86 g.) (Found: Cl, 101. Cale, for C,,H,Cl: Cl, 188%). 
Benzoic acid (0-95 g.) was obtained from the aqueous layer. 

(i) Benzene. The complex was prepared from silver benzoate (22-29 g.) and iodine (12-35 g.) 
in benzene (350 ml.). The mixture was heated at 80° for 140 hr. Carbon dioxide was slowly 
evolved. The neutral material which remained after removal of most of the benzene was shaken 
with a little sodium thiosulphate solution to remove traces of free iodine. Distillation gave a 
colourless solid (3-88 g.), b. p. 70—100°/0-56 mm. ‘This contained 1:85% of iodine, considered 
due to the presence of iodobenzene. Recrystallisation of a portion of the solid from alcohol gave 
diphenyl, m. p. and mixed m. p. 69°. lIodobenzene would have co-distilled with diphenyl! under 
the above conditions. Hydrolysis of another portion of the solid (3-33 g.) gave benzoic acid 
(0-02 g.). 

(j) Anisole. The complex was prepared from silver benzoate (19-86 g.) and iodine (11-01 g.) 
in anisole (250 ml.). The mixture was stirred at 100° for 5 hr. No carbon dioxide was evolved. 
Anisole was removed by distillation under reduced pressure, and the neutral products were 
heated under reflux with 20% aqueous sodium hydroxide (5 ml.) for 4 hr, Extraction with 
ether, followed by distillation, gave iodoanisoles (7-61 g.), b. p. 106—110°/10 mm. (Found: I, 
54:3. Cale. for C,H,OI: I, 54:3%). A portion (6-40 g.) of this material was recrystallised 
from aqueous alcohol (1 : 4) to give p-iodoanisole (6-01 g.), m. p. and mixed m. p. 50°. Benzoic 
acid (0-08 g.) was also obtained from the hydrolysis. 

(k) isoPropylbenzene. The complex was prepared from silver benzoate (9-2 g.) and iodine 
(5:1 g.) in isopropylbenzene (60 ml.). The mixture was heated at 150° for 2hr. Carbon dioxide 
was evolved during the first 30 min. 92g. (98%) of silver iodide were obtained, together with 
2-6 g. of benzoic acid, The neutral products contained a little acetophenone, which was 
identified as the semicarbazone, m, p. and mixed m. p. 198°. No other products were identified, 

Infrared Spectrographic Analysis.-A double-beam Grubb-Parsons instrument was used, 
The general procedure was similar to that described by Augood, Hey, and Williams.“ Nitro- 
methane was used as a solvent. 

(i) Chlorophenyl benzoates. The ortho-, meta-, and para-isomers have strong absorption 
peaks at 12-38, 12-80, and 13-18 u respectively, and measurements at these wavelengths were 
used to determine the composition of the mixture of chlorophenyl benzoates obtained in 
experiment (b). A solution of known quantities of the three isomers in nitromethane was 
analysed by this method, with the following result : 


ortho mela para 
Known composition (%) ......:seseeees sen 43-0 10-8 46-2 
Calc. from spectra ; , 42-8 11-6 46-1 


The isomeric composition of the mixture of chlorophenyl benzoates obtained in 
experiment (b) was: ortho, 35-7; meta, 12-9; para, 514%. 

(ii) Chlovodiphenyls. The mixture of chlorodiphenyls which was obtained in experiment (h) 
was analysed according to the method used by Augood ef al.4 The isomeric composition was 
found to be as follows: 2-, 59-6; 3-, 24-2; 4-, 16-2%. 

(iti) Chlorophenyl benzoates—phenyl benzoate—mixture. Phenyl benzoate has a strong absorp- 
tion peak at 13-28 yu, and this was found to be suitable for the analysis, despite its proximity to 


1 Augood, Hey, and Williams, J., 1953, 44 
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the 13-18 4 peak for p-chlorophenyl benzoate. Analysis of prepared mixtures of known 
compositions showed that the method was accurate within +2%. Analysis of the mixture 
which was obtained in experiment (f) gave the following result : o-chlorophenyl benzoate, 24-0; 
m-, 7:2; p-, 32-6; phenyl benzoate, 36-34%. The isomer ratios for the esters were : ortho, 37-7; 
meta, 11-3; para, 61-0%. These are in good agreement with the ratios found for the product 
from the non-competitive experiment, viz., ortho-, 35°7; meta, 12-9; para, 51-4%. 

Reference compounds. Pure reference compounds for the above analyses were prepared as 
follows: chlorodiphenyls by the methods described by Augood ef al.; “* chlorophenyl benzoates 
from the corresponding purified phenols by Schotten-Baumann reactions. M. p.s of solids and 
refractive indices of liquids agreed with recorded values. 

Hydrolyses.—-(a) Silver todide dibenzoate. The complex was prepared from silver benzoate 
(10°36 g., 004617 mole) and iodine (6-732 g., 0-02269 mole) in nitrobenzene (150 ml.). Water 
(6 ml.) was added and the mixture was stirred at 20° for 1 hr., during which no gas was evolved. 
Filtration gave a solid which was treated with dilute ammonia solution, to give silver iodide 
(4°75 g., 03723 mole), Nitric acid (10N) was added to the ammoniacal filtrate until a precipitate 
began to be formed; sufficient ammonia was then added just to redissolve this. The addition 
of a slight excess of potassium iodide solution gave silver iodide (1-68 g., 0-00715 mole). 2-M1. 
aliquot parts of the filtrate from this precipitation were acidified with sulphuric acid (2N) and 
treated with an excess of potassium iodide solution. The liberated iodine was estimated by 
titration with sodium thiosulphate solution. The whole solution was calculated to contain 
000727 mole of iodate. No silver benzoate was detected. [Extraction of the nitrobenzene 
solution with sodium hydrogen carbonate solution gave benzoic acid (5-5 g., 0-0444 mole). 

(b) Silver bromide dibenzoate. The complex was prepared from silver benzoate (23-70 g., 
01030 mole) and bromine (8-280 g., 0-0615 mole) in chlorobenzene (200 ml.). Hydrolysis with 
water (10 ml.) as above gave silver bromide (0-0955 mole), silver benzoate (0-0029 mole), silver 
bremate (000326 mole), and benzoic acid (0-077 mole). After removal of the nitrobenzene by 
fractional distillation under reduced pressure, a pitch-like solid remained, 1-0 g. of which 
distilled at 100-—-130°/1 mm. It was not further examined. Gas was evolved during the 
hydrolysis, and a further experiment showed that this was oxygen. The hydrolysis of 0-012 mole 
of silver bromide dibenzoate gave 45 ml. of oxygen (at N.T.P.). No perbenzoic acid was 
detected, 


DISCUSSION 


We preface this discussion by drawing attention to certain necessary assumptions. 
Che solubilities of the silver halide dibenzoates in cold aromatic solvents are low (¢.g., 
silver bromide dibenzoate in chlorobenzene: 0-005 mole/l. at 20°), although they are 
sufficiently high in the hot solvents to permit recrystallisation.* Since it would have been 
impracticable to work with volumes of aromatic solvents sufficient to effect complete 
dissolution of the reagents, it has been assumed that, under the heterogeneous conditions 
employed, the reactions occur very largely between molecules in solution, and that any 
reactions at the surface of undissolved reagent do not introduce additional discrimination 
between different aromatic molecules or between different positions in any one molecule. 

Some of the present results are summarised in Tables | and 2. The aromatic substrates 
are arranged in downward order of increasing nucleophilic character. 

rom the following Tables, it may be seen that three different substitution reactions are 


fawie |, Ytelds (%) of products from the reactions between silver bromide dibenzoate 
and aromatic compounds, ArH. 

Recoveries (%) 

Ph:CO,Ar/  ———-~ 

Arti Temp. PhAr Ph-CO,Ar ArBr Ph’CO,H Ph’CO,Ag AgBr = ArBr Ph Br Ag 
PheNO,... 46 4 61-5 14:5 83-0 Very high 885 . 97-5 
PHC] 20 0-0 25- 5 32-0 17-0 80-0 Very high 74-0 ° 97-0 
PhH . 20 0-0 25. 2: 31-0 23-5 74°56 12-5 70-5 5 980 
Ph But 20 Oo Q 43-5 20-5 69-0 2 785 2: 98-5 
PhOMe 20 Oo 21° 40-5 44-0 555 0-05 85-5 ’ 99-5 


liable to occur, vez., (a) phenylation, (6) benzoyloxylation, and (c) halogenation. Of these, 
(a) is considered to be a homolytic process which involves an initial thermal decomposition 
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TABLE 2. Yields (°%) of products from the reactions between silver iodide dibenzoate 
and aromatic compounds, ArH. 


Recoveries (% 
08 aan > —_ | 
PhAr PhCO,Ar Arl PhCO,H PhCO,Ag Agl Ph I Ag 
17-5 13-5 0-0 47-5 55 92-5 ° 92-5 98-0 
21-0 8-0 0-0 38-5 9-0 89-0 89-0 98-0 
. 25-0 1 0-5 40-5 2:5 94-5 95-0 97-0 
PhOMe ... 0-0 1 37-5 47-0 42-0 56-0 S 93-5 98-0 


of the reagent to give free benzoyloxyl radicals: these, by decarboxylation, give phenyl! 
radicals which then phenylate the aromatic solvent in the usual way. 


(C,H,°CO,),AgX ——m 2C,HyCO,y 4+ AgX (X = Br or I) 
CyHyCOy — C,Hy + CO, 
CwHy + ArH —— em C,H,’Ar 4, he 


Evidence for this mechanism is provided by the data in Table 3 where the ratios of 
isomers found in one of the present phenylation reactions are compared with those reported 
by Augood, Hey, and Williams for a typical homolytic phenylation. 


TABLE 3. Phenylation of chlorobenzene. Isomer ratios (%). 
Reagent ortho meta para 


Dibenzoyl peroxide (80°) * , 2-3 24-0 13-8 
Silver iodide dibenzoate (132°) . 240 16-0 


These ratios agree within the limits of accuracy of the analytical method (estimated 
to be +3°%), and we have no doubt that the active reagent is the same in each case. The 
temperature difference is probably unimportant, for, where comparison has been made, the 
orientation in homolytic phenylation appears not to be markedly temperature-dependent.!® 
It is to be noted that the evolution of significant quantities of carbon dioxide was observed 
in the present work only when the reaction led to phenylation of the solvent. 

When pheny! radicals are produced in aromatic solvents by decarboxylation of benzoyl- 
oxyl radicals, some slight benzoyloxylation always accompanies phenylation;: in nitro- 
benzene,!® the ratio is ca. 1:6. In all the present cases, the proportion of benzoyloxylation 
has been too high to allow a derivation solely from attack by free benzoyloxyl radicals. 
Indeed, in the benzoyloxylation of chlorobenzene by silver bromide dibenzoate, no phenyl- 
ation whatever was detected (traces of chlorodiphenyls can be easily recognised by their 
persistent and characteristic odour); and we are satisfied that there was here no significant 
production of free phenyl radicals. Evidence relevant to the character oi this benzoyloxyl- 
ation is given in Table 4. Comparison is made with published data for nitration, the only 
example of electrophilic substitution in chlorobenzene for which suitable quantitative data 
are available, 

From the results in Table 4, the partial rate factors for the benzoyloxylation of chloro- 
benzene are as follows : ortho, 0-36 4-003; mela,0:13 4 OOL; para, 105 40-11. It may 


TABLE 4. Jsomer ratios (°%) and total rate factors for the benzoyloxylation and nitration 
of chlorobenzene 
Keagent ortho meta para 


Acetyl nitrate in acetic anhydride (25°) '’ .... 31-0 69-0 0-0353 
Acetyl nitrate in nitromethane (25°) '* 29-6 Oo” 69-5 
Silver bromide dibenzoate (20°) coors «= B"H 12-0 51-4 0-34 +4 0-03 


gh Ol 
vee 


be seen that benzoyloxylation occurs mainly in the positions ortho and para to chlorine, and 
that the ortho and meta positions are deactivated. The net effect of the halogen on 


‘ Hey, Stirling, and Williams, /., 1954, 2747 

1¢ Personal communication from Dr. G. H. Wiliams 

‘? Bird and Ingold, J., 1938, 918 

‘* Roberts, Sanford, Sixma, Cerfontain, and Zagt, /. Amer. Chem. Soc., 1964, 76, 4525 
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benzoyloxylation at the para-position appears to be very small. Benzoyloxylation appears 
to resemble nitration in broad outline, although the former reaction is evidently less 
affected by the presence of the chlorine substituent. These results, coupled with the fact 
that only the meta-isomer could be isolated from the benzoyloxylation of nitrobenzene, 
lead us to classify benzoyloxylation as an electrophilic substitution reaction (with the 
complication mentioned above that in cases where the reagent also suffers thermal 
decomposition, some slight additional homolytic benzoyloxylation of unknown orientation 
is likely to occur). The unexpectedly high proportion of benzoyloxylation which was 
observed in the reaction between silver iodide dibenzoate and nitrobenzene is inconsistent 
with a homolytic mechanism. It may plausibly be attributed to the high dielectric constant 
of this solvent (36) in comparison with that of chlorobenzene (5-6) and benzene (2-3). This 
factor should favour the heterolytic benzoyloxylation at the expense of homolytic reactions, 
thereby compensating for the low nucleuphilic reactivity of nitrobenzene. 

The halogenation reaction (c) predominates in anisole, but has also been detected in 
benzene and tert.-butylbenzene. It has the character of an electrophilic substitution. 
Thus, silver bromide dibenzoate reacted with anisole to give p-bromoanisole which was 
virtually free from the ortho- and the mela-isomer, and the iodoanisole obtained with the 
use of silver iodide dibenzoate contained not less than 94°, of the para-isomer. Slight 
henzoyloxylation of anisole was also detected—insufficient to permit measurement of the 
isomer ratios, 

From the foregoing considerations, we conclude that there is a balance between the 
tendency for the silver halide dibenzoates to decompose thermally, giving free radicals, and 
their ability to undergo electrophilic substitution reactions with the aromatic solvent. 
With silver iodide dibenzoate, the balance seems to favour thermal decomposition, and it 
was only in anisole, the most nucleophilic solvent of those examined, that this reagent 
failed to give phenylation products. 

With increasing nucleophilic character of the aromatic substrate (Table 1), the ratio of 
bromination to benzoyloxylation increases in a way which appears to require a purely 
chemical explanation and seems relevant to the general question of the relative reactivities 
of electrophilic reagents in aromatic substitutions. The silver halide dibenzoates may be 
regarded as reagents having two electrophilic functions which can compete for an excess of 
an aromatic substrate. Hence it has been possible to compare the relative velocities of 
two electrophilic substitutions under identical conditions. 

The problem of differing “ activities '’ of various electrophilic reagents in aromatic 
substitutions has been considered by Brown and Nelson ' (cf. de la Mare ®),. Brown and 
Nelson suggest that the least ‘ active” electrophilic reagents are those in which the 
attacking cation is of low energy or is not well developed, and that such reagents require 
the greatest contribution from the nuclear electrons to the partly formed bond in the 
transition state. Reagents of lowest “ activity ’’ should take the greatest advantage 
from the electromeric effects of suitable substituents in the aromatic ring. This conception 
of “ activity ’’ seems inadequate to explain some of the present results. Thus, if benzoyl- 
oxylation of chlorobenzene is faster than bromination for the main reason that it is the 
better able to take advantage of electromeric release from chlorine, we should expect it to 
have a similar advantage in anisole. The observed reversal of the relative rates seems to 
imply the operation of some effect which, in passing from chlorobenzene to anisole, bears 
disproportionately on the energies of the transition states of benzoyloxylation and 
bromination. Suggestions regarding the nature of this effect must necessarily be rather 
speculative at the present stage; but the results suggest to us that transition-state conjug- 
ation involving the entering substituent may be an important factor. Muller, Pickett, 
and Mulliken *! have recently calculated by a molecular-orbital method that the hyper- 
conjugation energy of the ion (A) makes a considerable contribution to its total resonance 
energy. The classical structure (B) appears to be an inexact representation, and the ring 
must be credited with partial aromatic character. The above workers pointed out the 

* Brown and Nelson, ]. Amer. Chem. Soc., 1953, 75, 6292 


* de la Mare, J., 1949, 2871 
*! Muller, Pickett, and Mulliken, J. Amer. Chem. Soc., 1954, 76, 4770. 
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relevance of their calculations to the general case of the ions (C), which are believed to exist 
as intermediates in electrophilic substitutions (S = NO,, Br, etc.). If these ions also have 
some (probably less) aromatic character, overlap between the x-electrons of the ring 
and any p-electrons on S would be a stabilising factor. Since the structures of these 


+ 
H H H 
(A) (8) (Cc) 


ions are probably close to those of the transition states for their formation, such overlap 
would act to reduce the activation energy for an electrophilic substitution. It should 
increase in importance as the hybridisation of the © atom at the point of substitution 
approaches sp*, t.e., as the recession of H’ enables the C-S bond to shorten and to approach 
the plane of the ring. It follows that any stretching of the aromatic C-H bond in the 
transition state should have the greatest kinetic effect in cases where the entering 
substituent has the greatest conjugative ability. The fact that energy considerations 
favour a degree of proton loss in such cases does not of course prove that this occurs in 
practice; but if it does occur, the entry of highly conjugating substituents should be 
governed, not only by the availability of electrons at the site of substitution, but also to 
some extent by the ease of proton loss. The requirements for these are opposed. Where 
both are important, the activating or deactivating effects of existing substituents should 
tend to be less. 

For the reasons outlined by Ingold,” it seems probable that an oxygen-containing group 
such as benzoyloxyl is much better able to conjugate with an aromatic system than is 
bromine. Therefore, loss of the aromatic proton should have potentially the greater kinetic 
significance in benzoyloxylation,* and the velocity of this reaction should be less affected 
by existing substituents. The results accord with this. Benzoyloxylation is the faster 
reaction in chlorobenzene, which is deactivated, whereas bromination is the faster in 
anisole, which is activated. In benzene, benzoyloxylation is faster than bromination, 
and the point at which both reactions become equally fast is evidently a degree of nucleo- 
philic reactivity of the solvent close to that of tert.-butylbenzene. Benzoyloxylation is less 
selective than nitration, and shows a higher total rate factor (Table 4). Since it has been 
shown that the loss of the aromatic proton is kinetically insignificant in nitration ™ and in 
bromination (under conditions different from ours),™ the difference in selectivity accords 
with the present suggestions and with those made by Brown and Nelson.” However, 
where differences in reactivity are mainly due to differences in transition-state conjugation, 
rather than to differences between the (Lewis) acidities of the attacking reagents, we should 
not expect the intrinsically slowest reactions to be necessarily the most discriminating 
between different nuclear positions. We do not suggest that this conjugation is the only, 
or generally even the main, factor which determines the “ activities "’ of different attacking 
reagents. Brown and Nelson's suggestions seem to provide a satisfactory explanation 
when proton loss is kinetically unimportant. Transition-state conjugation may perhaps 
be more generally important in homolytic substitution, where polar influences are less 
significant. 

Hydrolysis of the Complexes.—This was examined in order to ascertain whether silver 
benzoate is a true product of the reactions with aromatic compounds (Tables 1 
and 2). Since little or no silver benzoate was found after hydrolysis, it could not 
have been present before the reactions with aromatic compounds. Wieland and 
Fischer ® reported that silver iodide dibenzoate is hydrolysed according to the equation : 
3(Ph-CO,),AgI 4+- 3H,O —» 6Ph-CO,H + 2Agl + AglO,. We obtained the following 


* A hydrogen-isotope effect is to be expected if our suggestions are correct 

* Ingold, ‘ Structure and Mechanism in Organic Chemistry,”’ Bell, London, 1953, pp. 73.46 seq 
* Melander, Nature, 1949, 168, 599 

* Idem, Arkiv Kemi, 1960, 2, 211. 
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yields, which are in good agreement with this equation (calculated figures in parentheses) : 
benzoic acid, 98-2 (100); silver iodide, 82-4 (83-3); silver iodate, 16-1 (16-7) mol. %. The 
hydrolysis of silver bromide dibenzoate does not proceed in an exactly analogous manner. 
The yields in this case were: benzoic acid, 78-0; silver bromide, 92-8; silver bromate, 3-2; 
silver benzoate, 2-8 mol. °%,; unidentified neutral products were formed, and oxygen was 
evolved in 35% of the amount to be expected if silver hypobromite had been initially 
formed and had then reacted thus, 2AgOBr — 2AgBbr + O,, in preference to 3AgOBr —» 
2AgBr + AgBrOs. 

Structure of the Complexes.—It seems to be generally agreed, following Simonini,® that 
the reagents have the formula (Ph*CO,),AgBr. The hydrolysis results support this formula 
for the iodide, although they are inconclusive in the case of the bromide. Crawford and 
Simonds 7 have recently confirmed an analogous formula for the similar complexes formed 
from silver fluorocarbon-carboxylates and iodine. The stability and absence of colour rule 
out any structure containing Ag** or Ag**. Prévost ** suggested an ion-pair structure 
I*{Ag(K-CO,),)> which resembles that usually written for such double salts as, ¢.g., 
K'|Ag(CN),|~. Prévost’s structure can explain the electrophilic halogenations but 
cannot account for the electrophilic benzoyloxylation. The latter can be understood if 
the complexes are in fact able to react in the alternative form, ¢.g., Ph°CO,*{Ag(O,C*Ph)I)~ 
at the demand of a suitable reagent. However, it is also possible to draw feasible structures 
in which the silver forms part of a complex cation, and which conform equally well with the 
known chemical reactions and physical properties. We reserve further discussion of this 
poimt 
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441. Chlorophyll and Related Compounds. Part IV.* The Position 
of the Extra Hydrogens in Chlorophyll. The Oxidation of Pyropheo- 
phorbide-a. 


By G. E. Ficxen, R. B. Jouns, and R. P. Linsteap. 


From the oxidation products of pyrophwophorbide a, an optically active 
acid imide has been obtained which yields a benzylamine salt indistinguish- 
able in infrared spectrum from the salt of synthetic racemic trans-dihydro- 
haematinic imide, the preparation of which is described in the following paper. 
The natural dihydroimide has been converted into racemic transotd-dihydro- 
hamatinic acid identical with synthetic material, 

A number of other oxidation products have been either completely o1 
partly separated. Of these the most important is an acid believed to belong 
to the 2; 5-dicarboxypyrrole series. This is a new feature in a porphyrin 
degradation, 

The main conclusions are that Fischer's 1940 formula for the phorbides and 
chlorophyll-a with the extra hydrogen atoms in ring Iv are proved to be cor- 
rect in this respect; and that the extra hydrogen atoms are in the trans- 
positions, 

The implications of these results on the structures of chlorophyll-b and 
bacteriochlorophyll are briefly indicated. 


IN earlier Parts of this series,! evidence has been presented which confirms the representation 
of chlorophyll and its green derivatives as dihydrides of porphyrins. The present paper 
deals with the position which the two “ extra " hydrogen atoms occupy. 


* Part III, J., 1966, 1665, 
' Parts I—III; Eisner and Linstead, /., 1965, 3742, 3749; 1956, 1655. 
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The usual formule for chlorophyll-a and its near derivatives are those put forward by 
Hans Fischer in 1940, in which the extra hydrogen atoms are placed on adjacent carbon 
atoms, Cy) and Cy), of ring tv. This is exemplified in formula (I) for pyropheophorbide-a. 


(1) One canonical form is shown; the extra hydrogen 
atoms are picked out by the thick line, The structure 
differs from that of chlorophyll-a only in three minor 
respects: the absence of a methoxycarbonyl group at 
Cyyq», the removal of the phytyl group from the propioni 
acid side chain at C,,,, and the replacement of the central 
magnesium by hydrogen 


The evidence is briefly as follows: the retention of the continuous conjugation of the 
macrocycle was in harmony with the intense light absorption at high wavelengths; secondly, 
the structure explained the facts that chlorophyll itself was optically active (Stoll and 
Wiedemann *) and that the activity persisted in derived compounds, such as pyrophao- 
phorbide-a (1), which contained no other asymmetric centres (Fischer and Stern 4); thirdly, 
it was strongly indicated by Fischer’s oxidation experiments. 

Fischer and Breitner* found that ethylmethylmaleimide was always obtained by the 
chromic acid oxidation of green derivatives of chlorophyll and that a doubled yield of this 
imide was obtained if the 2-vinyl group was hydrogenated before oxidation. This indicated 
that rings 1 and 1 did not carry the extra hydrogen atoms. Fischer and Stern ® first placed 
them on ring 111 but they were later assigned to (,,) and Cy.) of ring Iv on the following 
grounds (Fischer and Wenderoth *): (i) It was reported that citraconimide was isolated 
on oxidation of phyllochlorin, which would mean that ring 11 must be free from extra 
hydrogen : the experimental evidence cited, however, was hardly satisfactory. (ii) Hama- 
tinic imide (II) was never isolated from the oxidation of green derivatives of chlorophyll, 
which implies that ring Iv is not at the ordinary porphyrin level of hydrogenation. This 
is important, if negative, evidence, for this imide is a regular product from the oxidation 
of many porphyrins of natural origin. (iii) In place of haematinic imide there appears an 
oily acidic imide which is opticaily active. Fischer and Wenderoth were unable to obtain 
this oxidation product solid or to characterise it other than by the formation of a disilver 
derivative, which gave a correct analysis for silver. They ascribed to it the structure of a 
dihydrohematinic imide (III), The persistence of the optical activity in the fission 


co co 
4 
Me-c~ \ Me-ch » 
II NH i NH (If) 
HO,C*CHyCHy-C HO,C+CH,*CH,-CH / 
co co 


product was very important evidence in support of Fischer's formulation. However, the 
experimental identification was clearly incomplete, more particularly as neither of the two 
isomeric forms of the imide (III) had been synthesised in the pure state. The matter has 
rested in this unsatisfactory state for fifteen years. 


* Stoll and Wiedmann, Naturwiss., 1932, 20, 706; Helv. Chim. Acta, 1933, 16, 183, 307. 
* Fischer and Stern, Annalen, 1935, 619, 58: 620, 88 
* Fischer and Breitner, tbid., 1936, 622, 161 
* Fischer and Stern, ibid., 1935, §20, 88 
Fischer and Wenderoth, thid., 1939, §87, 170; 1940, 545, 140 
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Our work is divided into two parts—the synthesis of the reference compounds, which is 
dealt with in the following paper,’ and a reinvestigation of the degradation, which is now 
described. A preliminary account has already appeared.*® 

Oxidation of Pyrophaophorbide-a.—We have confined our oxidations to pyrophxo- 
phorbide-a (1). This 1s obtained from chlorophyll in two relatively simple series of oper- 
ations. Hydrogenation of the vinyl group at Cy, would doubtless have simplified the 
separation of the fission products, as gross degradation of ring 1 would have been avoided ; 
but we refrained from this step as it would have introduced a slight ambiguity as to the 
identity of the “ natural’ extra hydrogen atoms. A commercially available mixture of 
pheophytins (as I, with phytyl on the C;)-side chain, -CO,Me at Ci) was a convenient 
source of material in sufficient quantity. This was subjected to acid fractionation, following 
Fischer, Broich, Breitner, and Niissler,® a process which removed impurities, separated the 
a and the b component, hydrolysed the phytyl group, and largely removed the 10-methoxy- 
carbonyl group by ketonic fission. The process of conversion of phwophorbide-a into 
pyrophzophorbide-a was completed by boiling with pyridine. The identity of the pyro- 
phawophorbide-a was established by conversion into the methyl ester, spectroscopically 
identical with that of Fischer, and into the oxime. 

Oxidations of pyrophwophorbide were carried out by means of chromic acid in dilute 
sulphuric acid following the method introduced by Kiister, used by Willstatter and by 

Fischer, and recently studied in considerable detail (for the oxidation of hamin) by Muir 
and Neuberger.” Some variations in the experimental procedure were examined, in 
particular the scale and the temperature of the initial reaction, which was varied between 

30° and —10°, The method described in the Experimental section was standardised as 

providing fairly reproducible quantities of dihydrohamatinic imide. 

The reaction products constitute a most complex mixture. We have identified, or 
partly identified, ten products in it and doubtless there are many more. A very wide 
range of experimental techniques has been examined for the separation, of which the most 
promising were partition chromatography, solvent extraction at different acidities, and 
purification through benzylamine salts. The two best procedures were partition chromato- 
graphy on silica gel, or alternatively a separation into neutral, weakly acid, and strongly 
acid fractions by successive solvent extractions, first from alkaline solution, then at pH 4, 
and finally at pH 2. The Experimental section describes details of these methods of separ- 
ation, and also of some other procedures which readily enabled individual products to be 
isolated. For the control of isolation procedures, paper chromatography has been used, 
imide spots being detected by Reindel and Hopper’s method !! (cf. Rydon and Smith !%). 
The separation and control procedures were standardised against known mixtures of the 
key compounds, In agreement with Fischer, the neutral product readily yielded ethy! 
methylmaleimide as the only detectable product. The “ weakly acid "’ product, isolated 
by extraction with ethyl acetate at pH 4, yielded an optically active oil which failed to 
solidify under all the usual stimuli and could not be separated into solid components by 
chromatography. On treatment with benzylamine it readily gave a crystalline optically 
active product which gave analytical figures corresponding to the monobenzylamine salt 
of dihydrohaematinic imide. The infrared spectrum of the benzylamine salt was identical 
with that of the benzylamine salt of racemic trans-dihydrohematinic imide.?_ The identity 
(apart from the optical activity) was confirmed by m. p. and mixed m. p. determinations. 
Regeneration of the acid imide from the salt gave an active colourless oil which again failed 
to solidify. Judged from the optical activity, the purity of the imide was not substantially 
affected by conversion into the salt and regeneration. Our yield of this optically pure 
material was considerably higher than that reported by Fischer. As the synthetic racemic 
trans-imide melts at 85°, the obstinate refusal to crystallise of the levorotatory material 


Ficken, Johns, and Linstead, following paper 
* Linstead, Eisner, Ficken, and Johns, Chem. Soc. Special Publ. No. 3, 1955 
* Fischer, Broich, Breitner, and Nissler, Annalen, 1932, 498, 241 
‘© Muir and Neuberger, Biochem. ]., 1949, 45, 163; 1950, 47, 97 
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from natural sources (both ours and Fischer’s) is worthy of note. It may well be due to 
slight contamination by a similar material, for our synthetic imide often crystallised with 
great reluctance. After various trial experiments, the identification of the natural imide 
was completed by the following procedure. The imide, regenerated from the benzylamine 
Me salt, was completely hydrolysed to the triacid which was 
HO cud a esterified with diazomethane. The trimethyl ester was re- 
as j : fluxed with sodium methoxide in methanol (to permit race- 
H _CHyCH,-CO,H misation through tautomeric change involving the asym- 
metric centres), and the product was hydrolysed. The tri- 
acid was purified through the anhydride,’ hydration of which 
gave crystalline optically inactive transoid-dihydrohematinic acid (V).* This was identi- 
fied with synthetic material by its m. p., mixed m. p., infrared spectrum, and analysis. 

Before this result is discussed, the rest of the data on the oxidation will be summarised. 
The product from which the neutral and the weakly acid components had been removed 
was acidified to pH 2 and continuously extracted withether. The strongly acid components 
so isolated were separated by partition chromatography on silica gel, assisted by paper 
chromatography and separation as benzylamine salts. In this way there were separated : 
(i) oxalic acid; (ii) succinic acid; (iii) a pyrrole acid; (iv) traces of transoid-dihydro- 
hematinic acid; (v) traces of trans-dihydrohematinic imide; (vi) at least two other un- 
identified acids, present only in very small amount, and isolated as benzylamine salts. 
Data for these compounds are in the Experimental section. 

The succinic acid clearly came from fission of the side chain at Cy). The transoid- 
dihydrohzmatinic acid, which was identified by paper chromatography, must be an arte- 
fact formed by hydrolysis of the imide during the prolonged extractions in acid media 
The most interesting and novel material is the pyrrole acid which was present, albeit in 
very small amount, in the first fractions from the silica-gel columns. This material was a 
solid, decomposing at 202°, gave a strong Ehrlich reaction, and showed selective ultraviolet 
absorption, with maxima at 279 and 222 mp. On treatment with diazomethane it yielded 
an oily ester which could not be completely purified but clearly resembled in ultraviolet 
and infrared spectra dimethyl 3-ethyl-4-methylpyrrole-2 : 5-dicarboxylate. We therefore 
think it highly probable that the acid is 3-ethyl-4-methylpyrroledicarboxylic acid. How 
ever, the intensities of the ultraviolet absorption show that the product was not pure and 
lack of material has prevented a more certain identification. The evidence for the struc- 
tural type, however, is strong and of some importance, because the isolation of a pyrrole-2 : 5- 
dicarboxylic acid has, to our knowledge, not yet been recorded in oxidations of porphyrins 
or chlorins. Muir and Neuberger !” suggested that some dipyrrolic material may be present 
in the fragments from the oxidation of mesoporphyrin. Pyrrole diacids might be formed 
from the oxidation of ring 1, 1, or If in appropriate canonical forms of the pyrophao 
phorbide molecule (I), However, no significant degradation products have ever been 
isolated with certainty from rings of type (1) or (111) in this molecule and it may well be that 
the vinyl group (on ring 1) or the keto-group (on ring 111) provides a point of weakness which 
leads to entry into the pyrrole ring and its disruption. Any pyrrolic material which 
survived oxidation would, therefore, be expected to come from ring 11, and would be 
3-ethyl-4-methylpyrroledicarboxylic acid as seems, in fact, to be the case. 

The main significance of the isolation of a pyrrole-2 : 5-dicarboxylic acid is that it would 
provide for the first time positive analytical evidence that the pyrrole rings in porphyrins 
and chlorins are linked through carbon links in the «-positions. 

Two other features of the oxidations should be mentioned. An appreciable amount 
of colourless solid was isolated during separation of the acids. This was insoluble in the 
usual solvents and clearly complex in nature. Although not identical with starting 
material it had some structural similarity to it, as it yielded dihydrohematinic and succinic 
acid on renewed oxidation. The oxidation products also contained very small quantities 
of organic material volatile in steam. This material shows carbonyl reactivity and pre 
liminary examination suggests that it may be a saturated aldehyde. 


(V) 


* For nomenclature see the following paper 
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The “ Extra” Hydrogen Atoms of Chlorophyll.—The evidence reviewed above leaves no 
doubt than an optically active imide is obtained by the oxidation of pyrophwophorbide-a : 
that this is a dihydrohawmatinic imide and that it belongs to the stereoisomeric series of 
which the parent acid and imide (in their racemic forms) melt at 143° and 85° respectively 
(see following paper). The configuration of the imide is not known with certainty but it 
is very probable that in it the two hydrogen atoms are on opposite sides of the imide ring, 
as in DL(trans)-dimethylsuccinimide (Linstead and Whalley ). From these results it is 
regarded as proved that pyrophwxophorbide-a has extra hydrogen atoms on Cy) and Cig) in 
ring 1v, a8 shown in formula (I), and in accordance with the Fischer formula of 1940 for 
chlorophyll and the phorbides in general. There is every reason to believe that this 
arrangement is generally true throughout the chlorophyll-a series. In view of the known 
close relation between chlorophylls a and 6 the extra hydrogen atoms in the 6 series must 
be in the same positions. Moreover, the evidence can be carried forward to the structure 
of bacteriochlorophyll. This substance is generally believed to contain four extra hydrogen 
atoms, although the evidence is incomplete. As it has been converted, by processes in- 
volving partial dehydrogenation, into phaophorbide-a (Fischer, Mittenzwei, and Hever '°), 
two of the extra hydrogen atoms of this compound must also be at C;, and Cg). 

So far, therefore, the new results confirm the Fischer formulation of ring tv. They also 
provide a basis for an interpretation of the stereochemistry of the chlorophyll molecule. 
If the key imide (III) obtained by the oxidation of phwophorbide-a has, as we believe, the 
trans-structure then the same must be true for the parent phorbide. There are many 
reasons why this stereochemical connection can be postulated with confidence. First, in 
the analogous oxidative fission of the hydride of octamethyltetrazaporphin the very labile 
cts-dimethylsuccinimide can be isolated from the products (Linstead and Whalley **) and 
we have now found that cis-dihydrohamatinimide is not inverted under the conditions of 
oxidation. If therefore the macrocycle has a cis-configuration it will appear in the fission 
product. There is also more direct and conclusive evidence: If an inversion occurred 
during the total series of operations, it would be accompanied by racemisation. None 
occurs. It also appears in the highest degree probable that the configuration existing in 


pyrophaophorbide is also that present in chlorophyll. 
In summary, therefore, there are reasonable grounds for assigning a trans-dihydro- 
structure to the chlorophylls and to the natural chlorins and phorbides derived from them. 


EXPERIMENTAL 


Microanalyses are by Mr. F. H. Oliver, and infrared measurements by Mr. R. L. Erskine of 
this Department. 

Preparation of Pyrophaophorbide-a from Commercial Phaophytin.—A solution of crude 
phawophytin (Chlorophyll C C; the Allen Chlorophyll Co.) (402 g.) in ether (6 1.) was poured 
with vigorous stirring into 38% hydrochloric acid (13-61,). After 45 minutes’ stirring the solu- 
tion was diluted with water (4 1.) and extracted continuously with ether until no more pigment 
was extracted, This removed most of the material other than chlorophyll products. The 
aqueous solution was diluted with water (4-0 1.) and continuously extracted with ether, This 
extract on evaporation gave only 2-25 g. of mixed phorbide. This was mainly of the a-series 
although from Fischer's work * it was expected that b-component would separate almost pure 
at this point. The aqueous solution was further diluted with water (4:31), Ether-extraction 
yielded only 0-21 g. of pigment. Finally the solution was diluted with 20-5 1. of water and ex- 
haustively extracted with ether. The extract was evaporated to small volume, and the pigment 
filtered off. The yield at this stage was 10-5 g. and the pigment was pyrophxophorbide con- 
taminated with a little phaophorbide. It was shown spectroscopically to belong entirely to 
the a-series, 


' Linstead and Whalley, /., 1954, 3722. 

Fischer and Gibian, Annalen, 1942, 622, 153; for summary of earlier work see Linstead, Ann, 
Neports, 1937, 84, 386. 

'® Fischer, Mittenzwei, and Hever, Annalen, 1940, §45, 154 

‘© Linstead and Whalley, unpublished work. 
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After one crystallisation from acetone, the pigment (1-02 g.) was methylated with diazo- 
methane (from 0-8 g. of methylnitrosourea) in acetone (100 ml.), following Fischer and Spiel- 
berger.'? After two crystallisations from acetone, methyl pyrophxophorbide-a was obtained 
as green needles with a blue reflex, m. p. 213-—214° (445 mg.), phase test negative (Found ; 
C, 74-4; H, 7-0; N, 10-3; OMe, 5-4. Calc. for C,,H,,O,N,: C, 74-4; H, 66; N, 10:2; OMe, 
5-7%). Fischer ef al. gave m. p, 224°. 

The phorbide-a pigment from the acid fractionation (3-3 g.) was boiled with pyridine (100 ml.) 
to complete the decarboxylation at C9. The pyrophxophorbide-a (2-15 g.), isolated following 
Fischer, Riedmair, and Hasenkamp,” was crystallised from acetone (green needles, blue reflex) 
and converted into the oxime (Fischer and Siebel ®), green needles (Found: C, 72-4; H, 6-5; 
N, 13-1. Cale. for Cy,H,,0,N,: C, 72-1; H, 6-4; N, 12-7%), and into the methyl ester, m. p. 
216—217°, not depressed by the methyl pyrophwophorbide-a prepared without the pyridine 
treatment. The methyl pyrophxophorbide-a had absorption maxima (log e in parentheses) 
(in C,H,; Unicam SP 600 spectrophotometer) at 414-5 (5-05), 473 (3-61), 509 (4-05), 538-5 (3-98), 
562 (3-46), 612-5 (3-46), and 669 my (4-70). Stern and Wenderlein ™ gave the following figures 
for the visible region for methyl pyrophzophorbide-a: 507 (4-07), 535-5 (3-97), 559 (3-45), 
609 (3-89), and 667-5 my (4-71). All the phorbide used in oxidations was crystallised material 
with the correct light absorption. 

Oxidation of Pyropheophorbide-a.—The following experiment is typical. The finely powdered 
phorbide (2-0 g.) was stirred into 50% (vol.) sulphuric acid (90 ml.). Ice (90 g.) was added and 
the solution cooled to —10°. A solution of chromic oxide (4:5 g.) in water (40 ml.) was added 
in drops during lhr. ‘The mixture was stirred for a further 4 hr, during which the bath-temper- 
ature rose nearly to that of the room; the bath was then removed and stirring continued for 2 hr. 
more. The deep green mixture was extracted with ethyl acetate (8 x 50 ml.), then with ether 
(2 x 60 ml.), and then continuously with ether for 24 hr. The extracts were dried (Na,SO,), 
combined, and evaporated to dryness. 

Separation by Acid Fractionation.—-The oily residue was taken up in warm water (50 ml.), 
cooled in ice, and made alkaline with 2n-sodium hydroxide. Insoluble material was filtered 
off and the alkaline filtrate reserved (A). A typical yield of insoluble product was about 60 mg. 
but more was obtained in oxidations carried out at lower temperatures, It was an amorphous 
solid sparingly soluble in most solvents. After three attempted crystallisations it melted in- 
definitely at about 115—120°. Sublimation lowered the m. p. greatly. Further oxidation of 
this material gave ether-soluble acidic products in which succinic acid and dihydrohamatinic 
acid were identified by paper chromatography. 

The alkaline solution (A) was extracted with ether (5 x 50 ml.), and the extracts were dried 
and evaporated to dryness. The oily residue weighed about 200 mg., but this yield varied con- 
siderably in different oxidations. A typical residue (250 mg.) on sublimation gave 93 mg. of 
ethylmethylmaleimide, This crystallised from cyclohexane~benzene in colourless needles, m. p. 
and mixed m. p. 63—65° (Found: C, 60-1; H, 65; N, 10:2. Cale, for C,H,O,N: C, 60-4; 
H, 6-5; N, 101%). 

The alkaline solution after these ether extractions was acidified with concentrated hydro- 
chloric acid to pH 4, and then extracted with ethyl! acetate (5 x 50 ml.) and then ether (2 x 50 
ml.), the pH being kept constant. The combined extracts were dried (Na,SO,) and freed from 
solvent. The yield of red-brown oil (crude dihydrohematinic imide) varied from 163 to 380 mg. 
in various oxidations, the yields being lower from experiments at low temperatures. The crude 
imide from one oxidation (380 mg.) was treated in ethy! acetate with a small excess of benzyl- 
amine. The solid benzylamine salt of (—)-trans-dibydrohamatinic imide crystallised from ethyl 
acetate-methanol in colourless needles, m. p. 168° (200 mg.) : for further characterisation see 
below. 

The aqueous solution after this extraction at pH 4 was acidified to pH 2 with concentrated 
hydrochloric acid, extracted with ether (4 ~ 50 ml.) and then continuously with ether for 24 hr. 
The combined extract was dried and freed from solvent. The residue varied between 360 and 
470 mg. and was often partly solid. Trituration of the residue of one experiment with dry 
ether at this stage yielded 33 mg. of oxalic acid dihydrate (m. p. and mixed m. p.), further 
identified by conversion into benzylamine oxalate (114 mg.), which after crystallisation from 


'? Fischer and Spielberger, Annalen, 1939, 519, 146 
'* Fischer, Filser, Hagert, and Moldenhauer, thid., 1931, 490, | 
Fischer, Riedmair, and Hasenkamp, ibid., 1934, 608, 237 
%” lischer and Siebel, ibid., 1932, , 78. 
*! Stern and Wenderlein, Z. phys. Chem., 1935, 174, 81 
4G 
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aqueous methanol had m. p. and mixed m. p. 196° (Found: C, 62-8; H, 67. Calc. for 
Cig yON,: C, 63:15; H, 66%). 

In other experiments the mixed residue from the ether-extraction at pH 2 was taken up in 
ether and chromatographed on silica gel, wet ether being used asaneluant. Successive fractions 
of 3—4 ml, of ether were collected and examined separately by paper chromatography. The 
first 2 or 3 fractions yielded a crude solid (18 mg.), m. p. 180—-202°, decomp. about 202°. This 
gave a strong Ehrlich reaction on gentle warming and had ultraviolet maxima at 279 and 222 mu. 
Treatment with diazomethane followed by sublimation gave an oily intractable sublimate with 
maxima identical with those of dimethyl 3-ethyl-4-methylpyrrole-2 : 5-dicarboxylate (282 and 
222 my). The intensities of these bands, however, were only about half those of authentic 
material, indicating the presence of non-absorbing impurity. The infrared spectra (CCI, solu- 
tion) showed pyrrole maxima at 3425, 3279, and 1563 cm.~', together with bands at 1742, 1718, 
and 1705cm.'. The fractions which followed the pyrrole acid gave a solid residue which, after 
trituration with dry ether, yielded crystalline succinic acid (10 mg.), identified by m. p., mixed 
m, p., and paper chromatography. The ether triturate contained traces of an acid which 
behaved on paper chromatography with two different solvent systems in the same manner as 
vac-lransoid-dihydrohematinic acid and was presumably the lavorotary enantiomorph of this 
acid, The fractions which followed the succinic acid contained a little ‘vans-dihydrohematinic 
imide which had not been completely extracted at pH 4. It was identified as the benzylamine 
salt. Other minor oxidation products are mentioned below. 

Racemisation and Hydrolysis of “ Natural’’ Dihydrohematinic Imide.—The crystallised 
benzylamine salt of the lavorotatory “ natural '’ imide (280 mg.) was dissolved in dilute acid 
and the free imide recovered with ether, The imide was hydrolysed with boiling dilute hydro- 
chloric acid for 5 hr. The product was evaporated to dryness, treated with a little water, and 
continuously extracted with ether for 10 hr. The ether extract was evaporated, and the residue 
dried in a vacuum-desiccator for 2 days and treated with dry distilled diazomethane in ether. 
After removal of the solvent, the ester was taken up in methanol and refluxed for 24 hr. with 
an excess of sodium methoxide, Water (5 ml.) was added and the mixture boiled for 6 br. 
rhe product was acidified, evaporated to dryness, taken up in water (20 ml.), and continuously 
extracted with ether, The extract was dried and freed from solvent, an oily residue being left 
which soon crystallised (166 mg.). The solid was triturated with ether and the less pure, soluble 
material was purified by sublimation and hydrolysis of the anhydride. The combined solid 
acid was finally heated at 160° for 3 hr., the anhydride sublimed, and the sublimate hydrolysed 
with water. Removal of the water left solid transoid-dihydrohamatinic acid which crystallised 
from ethyl acetate-benzene—methanol in needles, m. p. 140-—-142°; a mixture with the pure 
synthetic acid (m. p, 144°) melted at 141-—143° (Found: C, 47-1; H, 6-05. C,H ,O, requires 
C, 47-1; H, 59%). The infrared spectrum of the racemised acid from natural sources was 
identical with that of the synthetic transoid-dihydrohamatinic acid. 

Chromatographic Data and Separations.—(1) Paper chromatography of imides. 5°, Solutions 
of the following imides in ethanol were used: ethylmethylmaleimide; hamatinic imide; 
synthetic rac-trans-dihydrohematinic imide, m. p. 85°. These were spotted on paper and de- 
veloped both with ethyl acetate and with butan-1l-ol as the mobile phases. Imide spots were 
developed following Rydon and Smith “ or Reindel and Hopper." The following R, values 
were obtained : 

Ethylmethylmaleimide Hamatinic imide fvans-Dihydrohematinic imide 


Ethyl acetate .. 0-98 0-92 —)-93 0-78 
Butan-l-ol 0-89-—0-82 0-56-—0-57 0:39-—0-40 


Synthetic mixtures of these three compounds gave spots with the same Ry, values. The pro- 
cedure was applied to the total oxidation product of pyrophzophorbide-a. For this purpose 
the phorbide (310 mg.) was oxidised with chromic acid as before and the product was extracted 
thoroughly with ethyl acetate, without acid fractionation. A solution of the product in 10 ml. 
of ethanol run on paper gave only two clearly defined imide spots; in ethyl acetate R, 0-98 and 
0-78; in butan-1l-ol Ry 0-89 and 0-42. These values correspond closely to those for ethylmethyl- 
maleimide and trans-dihydrohamatinic imide. 

(2) Partition chromatography of imides. A mixture of ethylmethylmaleimide (63 mg.), 
hamatinic imide (62 mg.), and rvac-trans-dihydrohamatinic imide (m. p. 85°; 68 mg.) was dis- 
solved in ethyl! acetate (5 ml.) and chromatographed on silica gel (57 « 2 cm.) saturated with 
water, The column was eluted with ethyl acetate and 4 ml. fractions were collected. Frac- 
tions 1—-3 totalled 1-2 mg.; 4—10, 96-8 mg.; 11, 1-5 mg.; 12—26, 52-0 mg. Fractions 4—10 
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contained both ethylmethylmaleimide and bhamatinic imide. As indicated by the paper 
chromatograms these could not conveniently be separated by partition chromatography. These 
fractions combined were accordingly sublimed at 100°/20 mm. The sublimate was nearly pure 
ethymethylmaleimide, m. p. 53—60°, mixed m. p. 59---63°. The residue from the sublimation 
yielded the benzylamine salt, m. p. and mixed m. p. 156-—158°, of hamatinic imide (see following 
paper). Fractions 12—26, combined, yielded the benzylamine salt, m. p. 158-—160°, of dihydro- 
hematinic imide, not depressed on admixture with authentic material. The recoveries of 
crystalline material were : ethylmethylmaleimide, 41 mg. (65%); hamatinic imide benzylamine 
salt, 59 mg. (72%); dihydrohamatinic imide benzylamine salt, 73 mg. (69%). The separation 
of imides was not affected by the presence of oxalic acid which was retained on the column, 

(3) Partition chromatography of pyrophaophorbide oxidation product, The total oxidation 
product from 773 mg. of phaxophorbide-a was isolated by ethyl acetate extraction without acid 
fractionation. It was dissolved in ethyl acetate (5 ml.) and chromatographed on silica gel as 
described above, 4 ml. fractions being collected. The product separated as follows: Fractions 
1—2, nil; 3-11, 234-2 mg.; 12—13, 16-3 mg.; 14-20, 75-0 mg.; further fractions totalling 
236 ml. of solvent yielded only another 35-5 mg. Fractions 3—-11, combined and cautiously 
sublimed under reduced pressure, yielded 72 mg. of ethylmethylmaleimide (m. p. and mixed m.p.). 
The residue from the sublimation gave no solid benzylamine salt. Fractions 14-20, combined, 
gave an oil with [aJiJ, —50° + 2°, (a) ou —37° + 2° in MeOH. It yielded trans-dihydro- 
hamatinic imide benzylamine salt, m. p. 164—.165° [(a}?? —25° + 1° in MeOH (Found ; C, 60-9; 
H, 6-9; N, 95. C,,HgO,N, requires C, 61:0; H, 6-9; N, 96%), The infrared spectrum 
(Nujol) showed maxima at: 1297 m; 1264 m; 1217 m; 11888; 1167 and 1159 w; 900 w; 
888 w; 871m; 823m; 795m; 772m; 754s; 741m; 719w; 696m; 686cm.". These are 
identical within the limits of error with the maxima shown by the benzylamine salt of synthetic 
vac-trans-dihydrohematinic imide and show a number of differences from the corresponding 
cis-benzylamine salt (see following paper), Kegeneration of the imide by treatment with dilute 
acid followed by ether extraction gave the levorotatory imide as a colourless oil which failed 
to solidify, having [«)?2?, —46° + 3° in MeOH. 

(4) Paper chromatography of acids, Paper chromatography was used to identify two of the 
strong acids obtained by the final extraction of the oxidation product at pH 2, Two mixtures 
of solvents were found to be most suitable in these chromatograms: (a) Pyridine-ammonia 


water 6: 2:1; (6) butan-l-ol-formic acid—water 95: 5, saturated with water. 
Ry, values obtained with reference compounds were : 


Dihydrohamatini« acid 
Solvents Succinic acid Malonic acid cisoid transoid 


(a) 0-36 0-23 0-28 0-23 
(b) 0-70 0-57 0-84 0-78 


The succinic acid obtained from the oxidation product had Ry, values (a) 0:36 and (b) 0-70 
The transoid-dihydrohematinic acid in the oxidation product had Ry values (a) 0-23 and 
(b) 0-78. 

Minor Oxidation Products.—(i) From the extraction at pH 2 of the oxidation product of 
pyrophzophorbide-a, after chromatography on silica gel, an unidentified acid was separated in 
traces as a benzylamine salt, m. p. 165° (Found: C, 66-9; H, 64%): infrared maxima at 
3268, 1642, and 1620 cm.'. Ultraviolet ; end absorption only 

(ii) The accumulated acid residues of earlier oxidations were chromatographed on silica gel 
from benzene solution. A single band was obtained which on treatment with benzylamine 
slowly gave a very small amount of a solid salt which, crystallised from ethy! acetate~methanol, 
had m. p. 127—-128° (Found: C, 68-9, 69-9; H, 65, 65; N, 7:35%). Ultraviolet max, at 
228-230 my; infrared maxima (Nujol) at 1701, 1678 (infl.), 1616, and 1555 cm.*; it took up 
hydrogen over Adams catalyst. These data, although inconclusive, indicate that the material 
is the benzylamine salt of an a$-unsaturated acid, possibly the dibenzylamine salt of a rather 
simple cis-dibasic acid. 

(iii) Steam-volatile oxidation product. The united extracts from a number of oxidations were 
distilled in steam, and the distillate treated with 2: 4-dinitrophenylhydrazine, The yellow 
solid was chromatographed in chloroform containing 1%, of ethanol on bentonite~kieselguhr, 
following the technique of Elvidge and Whalley. The main band yielded an orange solid 
which after three crystallisations melted at 155°. The ultraviolet absorption showed maxima 
at 355 and 224 my with an inflexion at 248—250 mu. There is a resemblance to the spectrum 


3 Elvidge and Whalley, Chem. and Ind., 1955, 589 
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of propionaldehyde 2; 4-dinitrophenylhydrazone, which shows maxima at 357, 278, 256, and 
228 my (Graude and Jones *) but the mixed m. p. shows a depression to 143-—-146°, Lack of 
material prevented further examination, but there is no doubt that a volatile saturated carbonyl 
compound is present in traces in the oxidation product. 


We are indebted to the Rockefeller Foundation for financial support. 
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442. Chlorophyll and Related Compounds. Part V.* The 
Dihydrohematinic Acids and their Imides. 


By G. E. Ficxen, R. B. Jouns, and R. P. Linsreap. 


The two diasteroisomeric forms of dihydrohzmatinic acid, and their 
imides, have been prepared and characterised, ‘Their interconversions have 
been studied in relation to those in the aa’-dimethylsuccinic series. Probable 
configurations are assigned. 


In connection with the work described in the preceding paper it was necessary to make a 
full investigation of the stereoisomeric dihydrohematinic acids and their imides. These 
compounds have been the subject of a valuable study by Kiister ' but the literature was 
incomplete. 

Our reinvestigation of these substances is described in the Experimental section. 
Previous synthetic work has already been reviewed in the preliminary account which we 
have communicated to the Society * and it is only necessary here to summarise the main 
conclusions, 

There are two diastereoisomeric dihydrohamatinic acids (I and Il) which yield the 
corresponding imides (III and IV).¢ All four compounds have now been obtained 
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crystalline and the two imides yield crystalline benzylamine salts and solid disilver 
derivatives. Unless extremely pure the free imides show a reluctance to crystallise and 
the benzylamine salts are convenient for their isolation and purification. Compounds of 


* Part 1V, preceding paper 

t The imides still contain one carboxyl group and have sometimes been referred to as “ acids "’, but 
to avoid ambiguity we think it best to restrict the name ‘ dihydrohamatinic acid " to the tricarboxylic 
acids. The triacids have also been given the trivial names dibydrohamatic acid and hamotricarboxylic 
“ci | 

' Particularly Annalen, 1906, 345, | 

4 Linstead, Eisner, Ficken, and Johns, Chem. Soc, Special Publ, No. 3, 1965 
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the two series have distinct melting points (see Table), infrared spectra, and (under suitable 
conditions) different chromatographic behaviour. 
Series | Series 2 
Configuration cis- or cisoid- * trans- or transoid- * 
Formula 1) and (IL) (11) and (TV) 

M. p.: acid 176 143° 
SORES : cn.cvs igckebaddiisasbetdints ctbbtictrisivasicres 124 &S 
benzylamine salt of imide 160 163 


* cis- and trans- refer to the disposition of the hydrogen atoms about the plane of the heterocyclic 
ring in (III) and (IV); cisoid- and transotd- refer to the corresponding open-chain compounds. 


The configurations can be assigned with some confidence from the analogy with the 
a«’-dimethylsuccinic acids.’ In particular, (a) the imide of m. p. 124° is obtained by the 
catalytic hydrogenation of hamatinic imide under conditions which give meso(cis)-dimethy| 
succinimide from dimethylmaleimide; (6) the imide of m, p. 124° gives its érans-isomer 
when heated with urea, which recalls the formation of trans-dimethylsuccinimide by fusion 
of the cis-anhydride with urea; (c) the anhydride of the érans-series is the thermally stable 
form, and a pure cis-anhydride has not been isolated. 

The inversion of the triacids, by means of water at 200°, proceeds in the direction 
cisoid — transoid, and may involve intermediate formation of the anhydrides. The 
cisoid-acid is slowly inverted in boiling hydrochloric acid. Inversion of the acids with 
baryta at 225° is slow and reversible. 


EXPERIMENTAL 


Microanalyses are by Mr, Oliver, infrared spectra by Mr. Erskine of this Department. 

Preparation of the Dihydrohematinic Acids.—(a) Diethyl a-cyano-a’-methylsuccinate was 
prepared from ethyl cyanoacetate and ethyl «-bromopropionate, following Kister’s directions,‘ 
in 81% yield, and had b. p. 173—176°/30 mm. The §-propionic acid residue was introduced 
either by condensing the sodio-derivative of this product with ethy! $-chloropropionate, as was 
done by Kiister,‘ or with 6-chloropropionitrile, In the latter modification, a mixture of diethyl] 
a-cyano-a’-methylsuccinate (39-5 g.) and $-chloropropionitrile (18-1 g.) was added to a solution 
of sodium (4-3 g.) in ethanol (100 ml.) at 0°. After 19 hours’ heating on the steam-bath the 
product was worked up in the usual manner, The yield of diethyl a-cyano-a-2-cyanoethyl-a’- 
methylsuccinate was 30-8 g. (63%), and the b. p. 187-—-192°/0:8 mm. On refractionation this had 
b. p. 189°/0-8 mm., nif 1-4563 (Found: C, 588; H, 68; N, 10:5. C sH,sO,N, requires C, 
58-6; H, 6-8; N, 10-5%). 

When the original Kiister procedure was followed, 133 g. of the product were refluxed for 
50 hr. with 450 ml. of concentrated hydrochloric acid. The product was concentrated to 
300 ml. and cooled; the solid was collected. The mother-liquor was extracted continuously 
with ether for several days. The ether deposited a further crop of solid. The two solids were 
combined and crystallised repeatedly from acetone, which yielded cisoid-dihydrohematinic acid 
(1), m. p. 176-—-178° (24-4 g.). The ether extract after removal of the solid was evaporated to 
dryness and the residue heated at 200° for 3hr. The product was boiled with dilute hydrochloric 
acid (200 ml.) and charcoal, and the solution filtered and evaporated to dryness, The product 
after repeated crystallisation from acetone yielded transoid-dihydrohematinic acid (II), m. p. 
143-—144° (14-3 g.). Similar results were obtained on hydrolysis of diethyl a-cyano-a-2-cyano 
ethyl-a’-methylsuccinate. 

(b) Hamatinic acid (495 mg.) was hydrogenated as a solution of its neutral sodium salt in 
aqueous ethanol over a palladium—charcoal, 1 mol. of hydrogen being taken up. The product 
was acidified, the catalyst and solvent were removed, and the acid was isolated by continuous 
ether-extraction. Removal of the ether and crystallisation from benzene-ethyl acetate 
methanol gave cisoid-dihydrohamatinic acid (196 mg.), needles, m,. p. 176°, 

The maxima in the infrared spectra of the two acids (Nujol) are : 

176° isomer: 2667, 1787 vw, 1705, 1691 s, 1408, 1344, 1321, 1314, 1289, 1258, 1233, 1218, 
1199, 1186, 1131, 1095, 1076, 1048, 1027, 981, 951, 935, 910, 861, 853, 804, 766, 753, 722, and 
695 cm."?. 


* Linstead and Whalley, /., 1954, 3722 
* Kister, Z. physiol. Chem., 1923, 180, 1. 
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144° isomer : 2732, 2674 s, 1706, 1678 s, 1427, 1406, 1363, 1325, 1295, 1272, 1250 s, 1238 s, 
1209 m, 1166, 1147, 1079, 1059, 1027, 995, 952, 939, 891, 851, 803, 737, 721, and 671 cm."'. 

trans-Dihydrohamatinic Anhydride,—The acid of m. p. 144° (1-74 g.) was heated at 0-5 mm. 
At 160° the white anhydride sublimed rapidly (1-01 g.; m. p. 94-—95°) (Found: C, 51-2; H, 5-6. 
C,H 4,0, requires C, 51-6; H, 54%). The acid, m. p. 176°, was heated at 180—185° for 3 hr. 
and then sublimed at 140°/0-l1 mm. The sublimate melted at 84——-90°, not depressed by 
admixture with the product of m. p. 94—95°. Hydrolysis with dilute hydrochloric acid yielded 
impure ltransoid-acid, m. p. 131-—-136°, not depressed on admixture with the acid of m. p. 144°. 

When the acid of m. p, 176° was refluxed for 15 hr. with acetyl chloride and the reagent 
removed, an oil was obtained. It was probably the cis-anhydride, or a mixed anhydride with 
acetic acid, as it regenerated the cisoid-acid when warmed with hydrochloric acid. Use of acetic 
anhydride in place of acetyl! chloride led to inversion and the regenerated acid melted at 135 
138°, not depressed by the acid of m. p. 144°. 

Inversion of the Acids.—-The acid, m. p. 176° (634 mg.), was heated with water for 5 hr. at 
200° (Carius tube), Evaporation and crystallisation gave the transoid-isomer (470 mg.; m. p 
140-145"; no depression with the acid of m. p. 144°), The acid, m. p. 176°, was, however 
mainly unchanged by an excess of barium hydroxide at 225° (5 hr.). The yield of inverted acid 
was under 20%, The acid of m. p. 144° was similarly treated with barium hydroxide, and the 
product isolated by acidification and ether-extraction. The residue from the first extract 
melted at 155-—159°. Subsequent continuous extraction yielded unchanged acid of m. p. 144°. 
l'rom mixed m. p, curves the inversion 144° —» 176° is estimated to be about 15%. 

Dihydrohamatinic Imides,—(a) trans-Isomer (LV). ctisoid-Dihydrohzmatinic acid, m. p. 176° 
(6-76 g.),was heated for 80 min. at 155-——160° with urea (2-50 g.). The product was cooled, 
treated with water (20 ml.) and concentrated hydrochloric acid (8 ml.), and continuously 
extracted with ethyl acetate. The extract on evaporation to dryness left an almost colourless 
oil which slowly solidified in a vacuum-desiccator (4:70 g.). The imide yielded a benzylamine 

alt which was prepared in ethyl acetate and crystallised from ethyl acetate-ethanol (overall 
yield 65%, on the original triacid); it had m. p. 163—164° (Found: C, 61-8; H, 69; N, 9-6. 
Cy gl yO N, requires C, 61-6; H,6-9; N,9-6%). The infrared spectrum of the salt (Nujol) showed 
maxima in the region 690-1300 cm.“ at 1293, 1262, 1215, 1188s, 1166 m, 1156 m, 1093, 1059, 
981, 949, 909, 889, 873, 823, 794, 776, 753 s, 741, 721, and 696s cm.'. Complete hydrolysis of 
the benzylamine salt with boiling hydrochloric acid gave the transoid-dihydrohematinic acid in 
good yield and purity. 

The benzylamine salt (3-13 g.), dissolved in the minimum amount of water, was treated with 
cold concentrated hydrochloric acid (1-5 ml.), and the solution extracted with ethyl acetate 
(3 x 560 ml.). The extracts were dried and freed from solvent. The residual oil (1-93 g., 95°%,) 
slowly solidified in a vacuum-desiccator, After crystallisation from ethyl acetate—benzene the 
pure trans-imide (trans-§-(4-methyl-2 ; 5-dioxo-3-pyrrolidinyl) propionic acid) (IV), m. p, 85—87°, 
was obtained (Found; C, 51-9; H, 5-9; N, 7-4. C,H,,O,N requires C, 51-9; H, 6-0; N, 7-6%) 
rhe infrared spectrum (Nujol) showed maxima at 3086, 2062, 1774, 1703, 1404, 1353, 1319, 1287, 
1243, 1204, 1188, 1116, 1104, 1065, 1051, 1020, 957, 907, 835, 789, 741, 720, and 697 cm.-!. 

Phe crude imide could be sublimed slowly 150°/0-2 mm. but this failed to give a homogeneous 
product. The m. p, of the svblimate was 52—65°. By the procedure given by Fischer and 
Wenderoth * the imide was converted into a disilver derivative (Found: C, 24-0; H, 2-5; N, 
35; Ag, 53-8. C,H,O,NAg, requires C, 24:1; H, 2:3; N, 3-5; Ag, 541%). From this, 
acidification with hydrochloric acid and extraction with ethy! acetate regenerated the imide but 
there was some inversion in the total process and the m, p. sank to 49--65° 

rhe imide was also characterised as the S-benzylthiuronium salt, m. p. 1560-—151° after 
crystallisation from aqueous ethanol (Found : C, 54-7; H, 6-2; N, 12-0. C,,H,,O,N,S requires 
©, 564-7; H, 6-0; N, 12-0%). 

When transoid-dihydroh#matinic acid was fused with urea under the same conditions (at 
155 160°) the overall yield of imide benzylamine salt was only 65%; but when the fusion 
temperature was raised to 175—-180°, the yield of imide benzylamine salt was raised to 46%. 
Che product melted at 157-—159°, not depressed by the compound already described, 

(b) cis-Jsomer (II1). Hamatinic imide was prepared following Muir and Neuberger’s 
directions * except that a lower temperature (140—145°) was found preferable for the urea 
fusion. The benzylamine salt, crystallised from ethyl acetate-ethanol, had m. p. 155° (Found ; 
C, 62-2; H, 65; N, 98. C,,H,,O,N, requires C, 62:1; H, 63; N, 97%). Ultraviolet 

* Fischer and Wenderoth, Annalen, 1040, 645, 140 

* Muir and Neuberger, Biochem. ]., 1949, 45, 164 
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absorption max. (in EtOH) at 222 mu (log e 4-22). Infrared bands (Nujol) at: 2735s, 2650 m, 
1761 w, 1709 w, 1677 sh, 1618 m, 1534, 1414s, 13428, 1317 m, 1280, 1277, 1216, 1182, 1153, 1086, 
1070, 1027, 1006, 973, 942, 930, 916, 897, 865, 826, 793, 781, 754, 747, 726, and 696 cm,". 

Hydrogenation.—-A solution of ha#matinic imide (840 mg.) in methanol (10 ml.) was 
hydrogenated at room temperature over 10% palladium-charcoal catalyst (96 mg.); 0-96 mol. 
of hydrogen was absorbed. The filtered solution wis evaporated to dryness in a vacuum- 
desiccator and gave a quantitative yield of dihydrohamatime imide, m. p. 106-—-119°, which 
after crystallisation from ethyl acetate had m. p. 124--126° (Found: C, 51-8; H, 6-1; N, 7-6, 
C,H,,O,N requires C, 51-9; H, 60; N, 7-6%). Infrared max, (Nujol) at: 3175 m, 2728 w, 
2611 w, 1764 w, 1707 w, 1541 w, 1420, 1362s, 1323 m, 1302, 1277 m, 1232 m, 1204s, 1185 s, 1144, 
1106, 1074, 1055, 1022, 992, 944, 894, 881, 866, 805, 773, and 739 cm.". The use of Adams 
catalyast led to a less pure product, m, p. 92—105°. 

The cis-imide was characterised by the preparation of the disilver derivative (Found: C, 
23-9; H, 2-4; N, 3-5; Ag, 54-1. C,H,O,NAg, requires C, 24-1; H, 2:3; N, 3-5; Ag, 541%), 
and the benzylamine salt. The latter was obtained in 92% yield in ethyl acetate solution, and 
crystallised from ethanol (Found: C, 61-5; H, 7-0; N, 97. CygHyyO,N, requires C, 61-6; H, 
6-9; N, 96%). Them. p., 160—161°, was not depressed on admixture with the benzylamine 
salt of the isomeric imide but the infrared spectrum was distinct, viz., max. (Nujol) at: 2745s, 
2650, 2200, 1771, 1719 s, 1623, 1527 s, 1418, 1402 s, 1346 s, 1324, 1290, 1210, 1104, 1159, 
1098, 1067, 1040, 984, 954, 922, 896, 891, 869, 837, 786, 763, 741, 722, and 695cm."'. The same 
salt was obtained by catalytic hydrogenation of the benzylamine salt of hamatinic imide, 

Treatment of the cis-benzylamine salt with cold hydrochloric acid (as described for the 
tvans-isomer) regenerated the cis-imide in excellent yield and purity (m. p. 125—126°). 
Hydrolysis of the cis-imide with boiling hydrochloric acid for 16 hr. gave mainly cisoid-acid, 
there having been some inversion. After crystallisation from water the acid melted at 161 
168°. A similar mixture was obtained by treating the pure cisoid-acid under the same 
conditions 

The cis-imide was fused with urea for 105 min. at 160--165°. The product, isolated in the 
manner described above for other urea fusions, was an oil. It was converted into a benzyl 
amine salt, m. p, 162°, which was shown to be that of the tvans-isomer by the identity of the 
infrared spectra 


We are indebted to the Rockefeller Foundation for financial assistance 
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443. Halogenation in Acid Solution. The Formation of lodoform 
from Malonic Acid. 


By M. G. Brown 


Malonic acid gives iodoform when treated with iodine in the presence of 
a variety of oxidising agents in acid solution 

Malonic acid appears to be specific for this reaction since other compounds 
containing the groups CH,*CO~ and ~CO-CH,yCO™~ do not give iodoform in 
these conditions. 


DURING an investigation of the oxidation of kojic acid (5-hydroxy-2-hydroxymethyl-4- 
pyrone) by periodic acid, it was observed that iodoform separated simultaneously with 
iodine from the mixture. The present work was undertaken to discover the type of 
molecule which gives iodoform when treated with iodine and an oxidising agent in acid 
conditions, 

Ihe formation of iodoform in non-alkaline conditions has rarely been recorded 
sougault and Robin ! treated acetic anhydride with an N-iodo-amidine and obtained a 
yellow, iodine-containing precipitate, which gave iodoform when boiled with ethanol 


' Bougault and Robin, Compt. rend., 1920, 171, 38; 1921, 172, 462 


2284 Brown: Halogenation in Acid Solution. 


(There appear to be two sources for the iodoform: the ethanol could be oxidised by the 
N-halogen compound and then iodinated; or the acetic anhydride could be iodinated 
and hydrolysed. The latter possibility is unlikely.) Angeli * prepared tri-iodoacetic acid 
by heating malonic acid with iodic acid. The tri-iodoacetic acid was separated, and it 
was decomposed to iodoform by boiling acetic acid. 

Malonic acid appears as a possible intermediate in the oxidation of kojic acid with 
periodic acid (further work is in progress on this point) and might react with iodine (resulting 
from total reduction of the periodic acid) in the presence of residual periodic acid or of 
iodic acid, It was in fact found that on addition of iodine to a warm mixture of periodic 
acid and malonic acid iodine is absorbed and, finally, iodoform precipitated. The periodic 
acid may be replaced by a variety of oxidising agents, still with the formation of iodoform 
in the majority of cases. 

The oxidising agent is responsible for the formation of the active iodinating agent and 
also prevents reversal of iodination by iodide ion.4 In agreement with current theory, the 
active intermediate is thought to be H,OI* which may be produced directly from iodine and 
iodide. Calculated free-energy changes support this. It is of interest, however, that in 
our hands perchloric and chloric acid failed to cause iodination in spite of favourable 
free-energy changes. This is in contrast to the effectiveness of bromine-chlorate mixtures 
for bromination * and is probably related to the slow oxidation of iodine by these acids.® 

The reactions of primary interest are those in the annexed formule, together with the 


CH,(CO,H), ——® ICH(CO,H), ——® 1,C(CO,H), ——® 1,C-CO,H 
(1) (II) (IIT) (IV) 


! ! 


ICH,-CO,H 1,CH-CO,H ICH 
(V) (VI) 


decarboxylations which represent important side-reactions. Decarboxylation of iodo- 
malonic acids occurs readily ;* and it appears that di-iodoacetic acid (V1) is not further 
iodinated.* Another side-reaction which is important with some oxidising agents is the 
oxidation of malonic acid itself. 

he acid oxidising conditions are specific for malonic acid. Datta and Prasad 7? obtained 
iodoform from malonic ester with iodine and aqueous alkali, although the ester gives only 
a red tar with iodine and liquid ammonia. However, we find that malonic acid does not 
yield iodoform under a variety of alkaline conditions and it must be presumed that the 
iodoform produced from the ester results from hydrolysis and subsequent oxidation and 
odination of ethyl aleohol 

lo discover if malonic acid is specific in this reaction, the iodine~periodic acid mixture 
was used with the following substances, each containing the grouping *CH,’COR : acetic 
acid, acetaldehyde, pyruvic acid, acetone, acetophenone, acetoacetic acid and its ethy! 
ester, acetonedicarboxylic acid and its ethyl ester, oxaloacetic acid, acetylacetone, and 
iodoacetic acid, None of them gave iodoform in the present conditions, although those 
with ‘active’ methylene groups were iodinated. For example, acetonedicarboxylic 
acid readily gave tetraiodoacetone (cf. Angeli and Levi *). 

It thus appears essential that iodination should lead to tri-iodoacetic acid and not 
merely the tri-iodoacetyl group. Qualitative observations in the literature suggest that 


* Angeli, Ber., 1893, 26, 506 

* Nylen, Kgl. norske Videnshkab. Selshabs, Shrifter, 1938, No. 2; Chem. Abs., 1939, 33, 5731; Doak, 
/. Amer. Chem. Soc., 1949, 71, 159 

* Catch, Elliott, Hey, and Jones, /., 1948, 272 

* Kahne and Tomesco, Compt. rend., 1985, 201, 1195; Klinger, Chem.-Ztg., 1910, 34, 1023; Chem 
Abs, 1911, 6, 3547 

* Willstatter, Ber., 1902, 35, 1374 

’ Datta and Prasad, /. Amer. Chem. Soc., 1917, 39, 441 

* Vaughn and Nieuwland, thid., 1932, 54, 787 

* Angeli and Levi, Gazzetta, 1893, 28, II, 97. 


1956} Brown: Halogenation in Acid Solution. 2285 


base-catalysis is necessary in the hydrolysis of the trihalogenoacetyl group.'® Similar 
observations have been made in the present study: the oils obtained from pyruvic and 
acetoacetic acid on iodination (thought to be tri-iodoacetaldehyde and tri-iodoacetone 
respectively) remained unhydrolysed in water and aqueous sodium hydroxide. They 
were immediately hydrolysed to iodoform in aqueous-methanolic alkali, 

The rates of decarboxylation increase rapidly on passing from the trifluoro- to the 
tribromo-acetic acids.!4 It is reasonable to assume that tri-iodoacetic acid will be still 
more readily decarboxylated (although this reaction is complicated by rapid decomposition 
to form iodine !*). 


EXPERIMENTAI 


Solutions of acetoacetic acid and oxaloacetic acid were prepared by hydrolysis of their esters 
with 0-In-sodium hydroxide followed by acidification with dilute hydrochloric acid. 

Hypochlorous acid was obtained according to the instructions of Taylor; 4 hypobromous 
acid was obtained by shaking a mixture of bromine, water, and excess of mercuric oxide for 
several hours, followed by decantation; hypoiodous acid was prepared in situ by adding silver 
nitrate and dilute nitric acid to the mixture of malonic acid and iodine.” 

lodoform was identified in each case by its m. p., mixed m, p., and crystal shape, after 
recrystallisation from methanol, 

lodoform from Kojic Acid.—Periodic acid (4-3 g., 0-0189 mole) in water (100 ml.) was added 
to a solution of kojic acid (0-9 g., 0-0063 mole) in water (20 ml.) and the mixture was kept at 
room temperature for 72 hr. The resulting solution contained iodine but no periodic acid; 
and iodoform had separated. 

Todination Procedure.—{i) Malonic acid and potassium tri-iodide solution were added alter- 
nately to a concentrated solution (about 10 ml.) of the oxidant at 30—40°. In this way 
concurrent oxidation of the organic compound was kept at a minimum, When sufficient 
malonic acid had been added (0-5-—1-0 g.), potassium tri-iodide solution was added dropwise, 
with increased heating, until the iodine colour persisted on boiling. lIodoform separated and 
was removed in steam, 

This procedure was used with the following oxidising agents: periodic, iodic, hypoiodous, 
bromic, hypobromous, perchloric, chloric, and hypochlorous acid; sodium dichromate, 
potassium permanganate, and potassium persulphate each in dilute sulphuric acid; hydrogen 
peroxide; and ferric sulphate in dilute sulphuric acid. In every case except those of per 
chlorie and chloric acid, potassium permanganate, and ferric sulphate, iodoform was produced 
When procedure (i) was used with acetic acid and iodoacetic acid no iodination occurred, 

(ii) This procedure was identical with (i) except that a solution of iodine in methanol was 
substituted for the potassium tri-iodide solution. This conserves the oxidising power and 
keeps water-insoluble intermediates in solution. Periodic acid was used as oxidant throughout. 
Procedure (ii) was used with the remaining compounds listed except acetonedicarboxylic acid, 
No iodoform was detected in the reaction mixtures 

lodoform from Pyruvic and Acetoacetic Acid.-When procedure (ii) was used with pyruvic 
and acetoacetic acid, the iodine was immediately absorbed. On completion of the reactions, 
addition of water precipitated an oil in each case. These oils, thought to be tri-iodoacetaldehyde 
and tri-iodoacetone respectively, were separated by decantation and washed successively with 
water, aqueous sodium thiosulphate, and water. They darkened rapidly, liberating iodine. 

The oils were neutral and insoluble in water, and remained unhydrolysed in aqueous caustic 
alkali, but were immediately hydrolysed to iodoform in aqueous-methanolic sodium hydroxide 

Tetraiodoacetone,-Acetonedicarboxylic acid was treated by iodination procedure (i), The 
iodine was rapidly absorbed, with formation of a yellow precipitate. When absorption ceased, 
the neutral solid was filtered off and extracted with benzene. The needles that separated on 
cooling of the benzene extracts were recrystallised from ligroin (b. p, 40-—60°), ta give yellow 


1” Houben and Fischer, Ber., 1931, 64, 2636; Aston, Newkirk, Dorsky, and Jenkins, /. Amer. Chem 
Soc., 1942, G4, 1413 

't Sutherland and Aston, ibid., 1939, 61, 241; Verhoek, ibid, 1934, 56, 571; Hall and Verhoek, 
thid , 1947, 69, 613; Cochran and Verhoek, ibid, p. 2987; Auerbach, Verhoek, and Henne, ibid., 1950, 
72, 299 

' Fairclough, /., 1938, 1186 

™ Taylor, (a) /., 1912, 101, 451; (6) /., 1913, 108, 31 
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needles of tetraiodoacetone, m, p. 140--142° (decomp.) (Found: C, 6-52; H, 0-4. Cale. for 
C,H,01,: C, 67; H, 03%). 


The author thanks the Department of Scientific and Industrial Research for a maintenance 
grant during tenure of which the work on kojic acid was begun; the Chemical Society for 
generous grants from its Research Fund; and L, Light & Co. for the gift of kojic acid. He also 
expresses considerable gratitude to Professor N. K. Adam for the loan of apparatus and library 
facilities, and to Dr. M. C. R. Symons for valuable discussions 
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The Relation between Configuration and Conjugation in Diphenyl 
Derivatives. Part VI.* Some Alkyldiphenyls. 


By Pautine M. Everitt, D. Murter Hay, and E. E. Turner. 


A number of dialkyldiphenyls have been prepared and their ultraviolet 
absorption spectra studied. In the series of 2: 2’-dialkyldiphenyls, contri- 
butions from a discrete conjugation band are still apparent when the alkyl 
groups are ethyl or isopropyl but are no longer evident when they are fert.- 
butyl. 


A RE-EXAMINATION Of the ultraviolet absorption spectrum of 2: 2’-ditolyl (Part III) * has 


shown that slight conjugation between the two benzene rings is still apparent, in spite of 
the steric effect of the o-methyl groups, the inflection at ca. 227 my being regarded as a 
vestigial conjugation band displaced to shorter wavelength. 

We have now prepared 2: 2’-diethyl- and 2: 2’-diisopropyl-diphenyl; 2 : 2’-di-tert.- 
butyldiphenyl (Lesslie and Turner, unpublished work) has also been available and we have 
examined the absorption spectra of these three compounds (Fig. 1, Table 1). The spectra 


TABLE 1. Ultraviolet absorption spectra of 2 : 2'-dialkyldiphenyls. 
Long-wave fine structure 


Diphenyl compound Aiet e ; . € 


‘’.Dimethyl ! (ca, 227) 6800 . q . 800 
600 


2’-Diethyl (ca, 2: 6000 , f , 730 
560 


2’-Ditsopropyl 2 5500 2 630 640 
720 

560 

2’.Di-tert -butyl] +f 290 380 
430 

330 


Solvent, 95%, ethanol; wavelengths (my) in parentheses denote inflections 


show a progressive decrease in conjugation with increasing size of the alkyl groups until 
with 2: 2’-di-tert.-butyldiphenyl no trace of a discrete conjugation band remains. In the 
other three compounds the inflection at ca. 227 my is apparent, its intensity decreasing 
slightly from methyl to isopropyl. Considering the compounds in the reverse order, it is 
seen that the absorption at the minimum (between the short-wave band and the long-wave 
fine structure) at 249-5 my (€min, 290) in di-tert.-butyldiphenyl moves to progressively 
longer wavelengths (Amin, 254, 258-5, 260-5 my in ditsopropyl-, diethyl- and dimethyl- 
diphenyl respectively) and is of correspondingly greater intensity as the contribution from 
the vestigial conjugation band becomes more important and overlaps the long-wave band. 
In diethyl- and dimethyl-diphenyl this overlapping has obliterated one of the fine-structure 


* Part V, /., 1955, 2708. 
' Beaven, Hall, Lesslie, Turner, and Bird, /., 1964, 131 
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bands of the alkylbenzene partial chromophore which is present as an inflection at 258 mu 
in the other two compounds. 

All four compounds show at least two bands of the alkylbenzene partial chromophores 
at 263-5 and 270—271 mu. The intensities of these bands are slightly reduced for the 
diethyl and diisopropyl compounds in comparison with those for 2: 2’-dimethyldiphenyl 
and much reduced for the di-tert.-butyl compound (in which they are rather more than 
twice those of tert.-butylbenzene). Thus, except perhaps in di-tert.-butyldiphenyl, the 
long-wave band system is overlapped by the vestigial conjugation band. 

The data for the alkylbenzenes are taken from Stair,* the Catalogue of the Ultraviolet 
Spectral Data of the American Petroleum Research Institute Project No. 44, and, in the 
case of ethylbenzene, from our own work. 


Fic. 1. Fic, 2. 


Wavelength (mu) Wavelength (mu) 
$0 joo 


200 250 
% rr Ss me ee 


5 é (curves 4) 
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2: 2’. Diethyldiphenyl. 3: 3’-Diethyldiphenyl 
2:2’ Ee yee ram 4: 4’-Diethyldiphenyl 
2 ; 2’-Di-tert.-butyldiphenyl. 


3. 3'- and 4: 4’-Diethyldiphenyl show the expected light-absorbing properties (Fig. 2; 
lable 2). Both are typical conjugated diphenyls, the second compound showing the 


= 


Tasie 2. Ultraviolet absorption spectra of 3: 3'- and 4: 4'-dialkyldiphenyls, 
Minimum Conjugation band 
re . / A 
Diphenyl compound Avs € Awas e 
Diphenyl 222 4300 * 249 17,300 * 
3: 3’-Diethyl 228-5 6200 261 16,500 
4: 4’-Diethyl 226-5 4500 2565 22,000 
4: 4’-Diisopropy| 226 4600 256-5 23,600 
Solvent, 95% ethanol 


* Amended values, means of three determinations each 


long-wave shift and the increased intensity of absorption characteristic of 4 ; 4’-disubstituted 
diphenyls (cf., for example, Williamson and Rodebush*); similar behaviour is exhibited 
by 4: 4’-ditsopropyldiphenyl (Table 2). For none of these compounds was long-wave fine 


* Stair, /. Res. Nat. Bur. Stand, 1949, 42, 587 
* Williamson and Rodebush, J. Amer. Chem. Soc, 1941, 68, 3018 
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structure observed. The 3; 3’-diethyl compound is thus in marked contrast to 3 : 3’-di- 
methoxydipheny! where an intense long-wave band is present. The effect of mm’-substit- 
uents on the absorption spectrum of diphenyl has been considered by Wenzel 4 (cf. Platt °), 
who suggests that the “ hidden ”’ contribution from the phenyl partial chromophores in 
diphenyl itself becomes evident when the system is strongly perturbed by appropriate sub- 
stituent groups which interact (by mesomerism) with the phenyl groups. However alkyl 
groups (unlike alkoxy-groups) exhibit only weak interactions with a benzene ring and in 
any case the absorption contributions from the alkylpheny! partial chromophores occur at 
shorter wavelengths than those from the alkoxypheny] partial chromophores, so that over- 
lapping by the conjugation band will be much greater in 3: 3’-dialkyl- than in 3: 3’- 
dialkoxy-diphenyls. 

2: 2’-Diethyldiphenyl * was prepared by three methods. It was obtained in 45—-50%, 
overall yield from o-ethylaniline via o-ethyliodobenzene and an Ullmann reaction (cf 
Mascarelli and Longo ®). Reduction with iron and water and the use of sulphuric acid 
instead of hydrochloric acid for diazotisation avoided the formation of the 4-chloro-2-ethy]- 
|-iodobenzene obtained by these authors as a by-product. Treatment of o-ethylpheny! 
magnesium bromide with anhydrous cupric chloride gave 2 : 2'-diethyldiphenyl in 13-14%, 
overall yield from o-ethylaniline (method of Krizewsky and Turner 7). cycloHexanone was 
ethylated with ethyl iodide and sodamide. Some 2-ethyleyclohexanone was obtained, 
together with 2: 2-diethyleyclohexanone, identified as the semicarbazone. 2-Ethyleyclo- 
inexanone was treated with o-ethylphenylmagnesium bromide, and the alcohol obtained was 
dehydrated with formic acid. Dehydrogenation of the resulting 2 : 2’-diethyl-3 : 4: 5 : 6- 
tetrahydrodiphenyl gave 2 : 2’-diethyldiphenyl. 

For the preparation of 2 : 2’-ditsopropyldiphenyl an Ullmann reaction was carried out 
on methyl 3-iodo-4-isopropylbenzoate, made from the corresponding 3-amino-compound. 
The resulting methyl 6 ; 6’-ditsopropyldiphenyl-3 : 3’-dicarboxylate was hydrolysed and 
the acid decarboxylated. 

3: 3’-Diethyldiphenyl was obtained by the deamination of 3 : 3’-diethylbenzidine with 
hypophosphorous acid, 4; 4’-Diethyldiphenyl was prepared by the Krizewsky—Turner 
method ? from p-bromoethylbenzene or, better, by an Ullmann reaction on p-ethyliodo 
benzene.® 

4: 4’-Ditsopropyldipheny! was made by an Ullmann reaction on p-iodoisopropylbenzene ; 
it has been described as existing in two forms ** 1° with melting points 49° and 65—66°. 
We obtained only the higher-melting form, 


EXPERIMENTAL 


o-Ethylaniline.—o-Ethylnitrobenzene and o-ethylaniline were available commercially but 
initially were obtained from l-ethyl-2: 4-dinitrobenzene.“ This was reduced either with 
disodium disulphide or with ammonium hydrogen sulphide! to 4-amino-1l-ethyl-2-nitro 
benzene. Deamination by the action of hypophosphorous acid on the diazo-compound gave 
o-ethylnitrobenzene, Cline and Reid ™ record that reduction of this nitro-compound by iron 
and hydrochloric acid gave a poor yield of o-ethylaniline. By carrying out a similar reduction 


* Added, May 25th, 1956. The 2: 2’-diethyldiphenyl has now been examined by gas chromatography 
and found to contain appreciable quantities of impurities. A sample was purified by three crystallis- 
ations from ethanol at ca, —35° and redistilled; the spectral data now given in Table 1 were determined 
on this specimen. We are indebted to Dr. E. A. Johnson, who carried out this work, and to Dr. A. 7 
James for use of the gas chromatography apparatus, 


* Wenzel, /. Chem. Phys., 19563, 21, 403. 
Platt, ibid., 1961, 19, 101 
* Masearelli and Longo, Gazzetta, 1941, 71, 397 
’ Krizewsky and Turner, /., 1919, 116, 559 
* Schreiner, J. prakt. Chem., 1910, 81, 422. 
* Bert and Dorier, Bull, Soc. chim. France, 1925, 37, 1398 
© Boedtker, ibid., 1920, 45, 645 
'! Weisweiller, Monatsh., 1900, 21, 39 
'* Schultz, Ber., 1909, 42, 2633 
'* Cline and Reid, J. Amer. Chem. Soc., 1927, 49, 3160 
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in presence of alcohol * a 68—70% yield of pure base was obtained. The crude base was 
steam-distilled and the total steam-distillate treated with acetic anhydride (102 g.), The acetyl 
derivative was filtered off and crystallised from aqueous ethanol: it had m. p, 112--113° 
(126 g. from 151 yg. of nitro-compound). By hydrolysis with 20% hydrochloric acid o-ethyl 
aniline (85 g., 70%) was obtained, having b. p. 210-—211°, w?*® 1.5598, 

2: 2’-Diethyldiphenyl,—(a) o-Ethylaniline was diazotised in sulphuric acid, and aqueous 
potassium iodide added. o-Ethyliodobenzene, b. p. 90°/12 mm., was obtained in 80%, yield. 
The iodo-compound (150 g.) was heated with an equal weight of copper bronze in a bath kept 
at ca, 240° for 3 hr. The organic product was extracted with boiling chlorobenzene and, after 
removal of solvent, the residue was fractionated under reduced pressure. 2: 2’-Diethyldipheny| 
was finally distilled from sodium (yield 42-5 g., 60%) and had b. p, 142—143°/14—15 mm,, 
n® 1-5624 (Found: C, 91-4, H, 8-5. Calc. for C,gH,,: C, 91-4; H, 86%). 

(b) o-Bromoethylbenzene (b. p. 63-—-64°/8—9 mm., n® 1-5476) was best prepared by a 
Sandmeyer reaction, the base being diazotised in hydrobromic acid. A Grignard reagent was 
made from it and anhydrous cupric chloride gradually added, giving 2: 2’-diethyldiphenyl in 
28% yield. 

2-Ethylcyclohexanone. cycloHexanone (98 g., 1 mole) was added gradually during | hr, to 
sodamide (43 g., 1-1 mole) in boiling benzene (800 c.c.). The mixture was heated for 1) hr. and 
ethyl iodide (156 g., | mole) then added during 1 hr. After further heating (24 hr.) of the mix 
ture, water was added and the benzene layer separated. Solvent was removed and the residue 
was twice distilled under reduced pressure. ‘The first fraction (33 g.), b. p. 68°/16 mm., was 
predominantly 2-ethyleyclohexanone, the second (17 g.), b. p. 84—-90°/13 mm., mainly 2; 2 
diethyleyclohexanone, The high-boiling residue (42 g.) probably consisted of self-condensation 
products of cyclohexanone. A semicarbazone made from the second fraction had m, p. 202 
203° after four crystallisations from ethanol (Meerwein ™ gives m. p. 202—203° for 2 ; 2-diethyl- 
cyclohexanone semicarbazone). The first fraction was also converted into the semicarbazone, 
m. p. 163° (lit., 161--162°) aiter four crystallisations from ethanol (yield 26 g.). by hydrolysis 
with dilute hydrochloric acid pure 2-ethyleyclohexanone (14 g., 12%,) was obtained, 

(c) 2-Ethyleyclohexanone (14 g.) in ethereal solution was added to a Grignard reagent pre 
pared from magnesium (3-2 g.) and o-bromoethylbenzene (20-6 g.), and the mixture heated 
under reflux for 20 hr. The product was worked up in the usual way, the ethereal solution 
dried (Na,SO,), and the ether distilled off. ‘The residue was dehydrated by formic acid (75 ¢.c.) 
under reflux for 4 hr. The product was extracted with benzene, and the benzene solution 
washed and dried. After removal of the benzene the residue was distilled under reduced 
pressure, giving 4 g. (17%) of a hydrocarbon (or mixture of isomeric hydrocarbons), b. p. 
132—133°/11 mm., n* 1-5261 (Found : C, 89-3; H, 10-6. Cale. for CyglHy,: C, 89-7; H, 103%), 
Dehydrogenation by heating with sulphur for 4 hr. at 240° gave 2: 2’-diethyldiphenyl (2 g.). 

Methyl 3-Amino-4-isopropylbenzoate.-Methy| 3-nitro-4-isopropylbenzoate was obtained in 
almost quantitative yield by nitration of p-isopropylbenzoic acid, followed by treatment with 
thionyl chloride and then methanol.“ Attempted reduction of the acid with iron and acetic 
acid, ammonium sulphide, or ammoniacal ferrous sulphate was unsuccessful, The ester was 
largely unchanged after being shaken with hydrogen in the presence of catalysts (platinum o1 
palladium). However, reduction in 88% yield was achieved by using tin and hydrogen chloride 
in a methanolic solution of the ester (cf. Abenius "’). The benzoyl derivative of the amino-ester 
had m. p. 118° (Found: C, 72-6; H, 63; N,4-9. C,,H,O,N requires C, 72:7; H, 6-4; N, 47%). 

Methyl 3-lodo-4-isopropylbenzoate was obtained in 66% yield by the diazo-process, It 
had b. p. 140-—142°/7 mm., n¥ 1.6780 (Found: C, 43-7; H, 4-2; 1, 41-6. Cy,HyOgl requires 
C, 43-4; H, 4:3; I, 418%). A little was hydrolysed to the acid, m. p. 173-—-174° (Found 
1,440. Cy, H,,O,1 requires I, 43-8%). 

6 : 6’-Diisopropyldiphenyl-3 : 3’-dicarboxylic Acid.-The above iodo-ester (76 g.) was treated 
with copper bronze in a bath at 270-—2756° for 60 min. ‘The product was extracted with chloro- 
benzene, the solvent removed, and the residue treated with light petroleum, The solid so 
precipitated, after two crystallisations from methanol, gave methyl 6 ; 6’-diisopropyldiphenyl 
3: 3’-dicarboxylate as prisms, m. p. 143—-144° (36 g., 81%) (Found: C, 74-7; H, 7-5. CagHy,O, 
requires C, 74-6; H, 74%). Hydrolysis with ethanolic sodium ethoxide gave 6 : 6’-diisopropyl 
diphenyl-3 : 3’-dicarboxylic acid with m. p. 285-—290°, which was raised to 323—324° by two 


‘4 West, /., 1925, 127, 494 

'* Meerwein, Annalen, 1913, 396, 225 

'* Bryan and Foote, J]. Amer. Pharm. Assoc., 194%, 38, 572; 1950, 39, 644 
17 Abenius, J. prakt. chem., 1889, 40, 425 
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crystallisations from acetic acid (Found: C, 69-0; H, 6-7. CygHO,CH,CO,H requires 
C, 68-8; H, 68%). The solvent-free acid was obtained by crystallisation from ethanol (Found : 
C, 78-4; H, 69. CygHy gO, requires C, 73-2; H, 6-7%) (m. p. unchanged). 

2: 2'-Diisopropyldiphenyl._-A soiution of the above acid (10 g.) in quinoline containing 
copper bronze was heated for 10 hr. Most of the quinoline was distilled off and the residue 
poured into water and acidified with hydrochloric acid. The oil which separated was extracted 
with ether; the extract was washed, dried, and distilled. The fraction, b. p. 150—160°/12 mm., 
solidified and two crystallisations from ethanol gave pure 2: 2’-diisopropyldiphenyl, m. p. 
6768° (4-2 g.) (Found: C, 90-6; H, 91. C,,H,, requires C, 90-8; H, 92%). 

3: 3’-Diethylbenzidine was prepared from o-ethylnitrobenzene.* ‘The dibenzylidene deriv- 
ative had m. p. 129-—130° (Schultz and Flachslander “ give 124—-125°). The disalicylidene 
derivative crystallised from cyclohexane or from light petroleum (b. p. 100—120°) and had 
m. p. 157-—-158° (Found: C, 79-6; H, 63; N, 68. C,,H,,O,N, requires C, 80-4; H, 6-3; 
N, 63%) 

3: 8’-Diethyldiphenyl,-A solution made from 3 : 3’-diethylbenzidine dihydrochloride (47 g., 
| mol.), concentrated hydrochloric acid (45 c.c., 3 mol.), and water (600 c.c.) was diazotised at 

4° to ~2° with sodium nitrite (22-8 g., 2-2 mol.) in water (75 c.c.). Hypophosphorous acid 
(60%, ; 300 ¢.c., 15 mol), pre-cooled to 0°, was added and the solution stirred at 0° for | hr., 
then kept overnight at 5°. The oily layer was separated and the aqueous layer thrice extracted 
with ether. The combined extracts were washed several times with 30%, sodium hydroxide 
solution, then with water, and dried (CaCl,). Removal of the ether, followed by distillation 
and redistillation, gave 21 g. (63%) of crude material. Small amounts of phenolic impurities 
were eliminated by distillation over sodium, whence pure 3 : 3’-diethyldiphenyl, b. p. 154—155°/ 
#—10 mm., n? 15768, was obtained (Found: C, 91-56; H, 85. C,H, requires C, 91-4; 
H, 86%) 

p-Ethyliodobenzene.-p-Ethylnitrobenzene was reduced with zinc and hydrochloric acid." 
p-Ethylacetanilide had m. p. 91° (lit., 94°). p-Ethyliodobenzene, b. p. 87—-88°/8—9 mm., 
n*® 1.5888, was prepared by a modification of Willgerodt and Bergdolt’s method,” the p-ethy! 
aniline being diazotised in sulphuric acid solytion. 

4: 4’-Diethyldiphenyl.-(a) p-Ethyliodobenzene was heated with copper bronze,* and the 
resulting 4: 4’-diethyldiphenyl distilled under reduced pressure; it crystallised from methanol 
or ethanol in flakes, m. p. 83° (Schreiner * gives m. p. 81°) (Found: C, 91-6; H, 85%). 

(b) p-Bromoethylbenzene, b. p. 93-—94°/23 mm., n¥? 1.5449, was obtained in 42% yield by a 
Sandmeyer reaction, the base being diazotised in hydrobromic acid. A Grignard reagent was 
prepared from it and treated with anhydrous cupric chloride, giving 4: 4’-diethyldiphenyl, 
m. p. 83°, after crystallisation as above. 

p-Lodoisopropylbenzene.-—p-Nitroisopropylbenzene was reduced in ethanolic solution by 
hydrogen and Adams platinum oxide. The acetyl and the benzoyl derivative had m. p.s 
104-105" (Newton ™ gives 105-8-——106-6°) and 162-5—-163° (lit., 161-4—162°) ® respectively. 
p-lodoisopropylbenzene, b. p. 86—92°/5—6 mm., n¥? 1-5725, was obtained by diazotising the 
amine in sulphuric acid and adding the diazo-solution to aqueous potassium iodide. 

4: 4’-Diisopropyldiphenyl.—p-lodoisopropylbenzene (5 g.) was heated with copper bronze 
(8 g.) at 260—270° for 45 min. The mixture was extracted with hot chlorobenzene; the solvent 
was removed and the residue distilled, giving 2 g. of 4: 4’-diisopropyldiphenyl, b. p. 155—160°/ 
45 mm. It was redistilled from sodium and crystallised twice from ethanol, forming plates, 
m. p. 65--66° (Found: C, 90-8; H, 93%). 

Absorption Spectra,—Spectra were measured on a Unicam S.P. 500 spectophotometer, 


We are indebted to Dr. G. H. Beaven for helpful discussions. We thank the Department of 
Scientific and Industrial Research for a maintenance grant (to P. M. E.), the Central Research 
Funds Committee of the University for a grant for the purchase of a spectrophotometer, and 
Imperial Chemical Industries Limited for a grant. 


Beprorp CoL_Lece, University or Lonpon [Recewed, January 27th, 1956.) 


'* Schultz and Flac ef prakt. chem, 1902, 66, 153 
'* Willgerodt and Bergdolt, Annalen, 1903, 327, 286 
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445. The Use of Deactivated Charcoals for the Isolation of 


Aromatic Substances. 
By A. Asatoor and C. E. DALGLIESH. 


Charcoal which has been deactivated by pre-treatment with various long- 
chain aliphatic compounds will selectively adsorb aromatic substances from 
aqueous solution, allowing a simple separation from aliphatic and inorganic 
contaminants even if the latter are present in large excess. Aromatic ad- 
sorbates can be displaced from deactivated charcoals by aqueous phenol, and 
this phenol is removed (by steam-distillation) on subsequent concentration, 
Kecoveries depend on the degree of deactivation of the charcoal, but are usually 
good, and the method is rapid and simple. With stearic acid as deactivating 
agent, the method is applicable to benzene derivatives, pyrroles, pyridine 
derivatives, indoles, purines, and pyrimidines, but not to glyoxalines, With 
aqueous phenol as eluant, and charcoal deactivated with stearic acid, octa- 
decane, or paraffin wax as adsorbent, there is only low recovery of substances 
with basic amino-groups, though high recoveries can be obtained by using 
acidified phenol as eluant. On the other hand, basic substances can be 
readily displaced by aqueous phenol if the charcoal has been deactivated with 
octadecylamine. Alumina is a specific adsorbent for ortho-dihydric phenols, 
with unsubstituted phenolic groups. 


CHARCOAL has frequently been used for the isolation of natural products, by adsorption 
and subsequent elution. In many cases, however, adsorption is largely irreversible and 
the adsorbate can be recovered in only poor yield. Pre-treatment of the charcoal with a 
deactivating agent | such as stearic acid * blocks the most active positions on the charcoal 
surface and leaves available sites from which an adsorbate can be more readily displaced 
Thus Synge and Tiselius * showed that charcoal deactivated with stearic acid allowed separ- 
ation of aromatic substances into groups determined primarily by the number of aromatic 
systems present in a molecule. The Scandinavian school has done much work on the modi 
fication of charcoal to allow resolution of mixtures of aromatic substances.4%° To obtain 
good separations by such methods, it is necessary to adhere to strictly defined conditions. 
Deactivated charcoals can, however, be used in a much less specific way for the rapid 
and simple separation of aromatic from aliphatic and inorganic substances in aqueous solu 
tion. An appreciable proportion of the metabolic effort of the living organism is concerned 
with the metabolism of aromatic compounds, but the amounts of most aromatic substances 
excreted are very small compared with non-aromatic substances, such as salts, urea, 
creatinine, and sugars. Even with modern analytical techniques identification may only 
become practicable after concentration and elimination of interfering substances. A 
method for separating aromatic from non-aromatic substances thus has potential value in 
both biochemical and synthetic fields. It has been found * that the aromatic substances 
of urine can be adsorbed on charcoal which has been deactivated with 4° by weight of 
stearic acid, and can subsequently be eluted with aqueous phenol. On concentration of 
the eluate in a vacuum both water and phenol are removed, leaving a mixture of aromatic 
excretory products. The method has been used for isolation of aromatic substances from 
urine 7 ** and from chemical reaction mixtures. The degree of deactivation of the 
charcoals used in these experiments was selected empirically. It was desirable to determine 
the range of applicability and the effect of different amounts and types of deactivating 
+ Tiselius and Hahn, Kolloid Z., 1943, 105, 177 
* Synge and Tiselius, Acta Chem. Scand., 19449, 3, 231 
Hagdahl, Williams, and Tiselius, Arkiv Kemi, 1952, 4, No. 10 
Williams, Hagdahl, and Tiselius, ibid., 1954, 7, | 
* Porath, tbid., p. 535. 
Dalgliesh, /. Clin. Path., 1956, 8, 73 
Dalgliesh and Tekman, Biochem. ]., 1954, 56, 458 
Dalgliesh, ibid., 1955, 61, 328 
Idem, ibid., p. 334. 
Idem, Arch. Biochem. Biophys., 1965, 68, 214 
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agent. This paper describes a preliminary survey from the practical standpoint of finding 
adsorbents which will allow a high degree of selective reversible asdorption of aromatic 
substances. 

Standard conditions (see p. 2298) were chosen in which charcoal deactivated with 4% 
by weight of stearic acid** was the adsorbent and aqueous phenol the eluant. Re- 
coveries from aqueous solution of a wide variety of substances occurring, or similar to those 
likely to occur, in urine, were determined, usually from both 0-005m- and 0-0005m-solution. 
Should a proportion of a substance be adsorbed irreversibly until a saturation point is 
reached, and the remainder then be adsorbed reversibly, this should be evident from 
comparison of the recoveries at the two different concentrations. In the case of 
non-aromatic substances, concentrations higher than 0-005m have in many cases been 
investigated, 

In the various Tables the values under the headings “ filtrate "’ and “ eluate "’ represent 
the percentage of material respectively not held by the adsorbent and that adsorbed and 
recovered, The difference between these combined values and 100 represents the percent- 
age of substance remaining on the adsorbent together with that lost in the working up, e.g., 
by steam-distillation or mechanical losses. The figures for recovery in the eluate are not 
necessarily the maximum obtainable with the adsorbent. A standard amount of the dis- 
placing and eluting agent was used which, though probably adequate for most substances 
investigated, might not have been sufficient for those more firmly bound on the adsorbent 
surface, 

Adsorption on deactivated charcoal is best carried out from acid solution. Table 1 


TaBLe 1, Infiuence of pH of solution on adsorption of anthranilic acid by stearic acid- 
deactivated charcoal.* 

lrom 0-006m-solution ; From 0-0005m-solution : From 0-005m-solution: From 0-0005m-solution : 
pH filtrate eluate filtrate eluate pH filtrate eluate filtrate eluate 
I 56 82 6 d 0 
2 86 88 7 35 
3 
4 
5 


91 BR s 86 
86 83 9 92 
82 86 10 F 93 
* In this and other tables, the figures under “ filtrate "’ and “ eluate "’ represent percentages and 
have the significance described in the text (above). 


shows the effect of pH on the adsorption of anthranilic acid. We have used pH 4 for ad- 
sorption under our standard conditions. This is not optimal, but was chosen as being less 
likely to lead to degradation of labile substances. 

The non-adsorption of salts by stearic acid-deactivated charcoal is shown in Table 2. 


TABLE 2, Adsorption behaviour of inorganic ions and some aliphatic substances. 
Species Concn. Filtrate Eluate Species Concn Filtrate LEluate 
’ As 0-9% (w/v) NaCl 98 2 g./100 ml 97 
As 0-4%, (w/v) KCl Ht) 0-003M 
As 0-005m-NH,Cl 101 0-0005M 
As 0-0005-mM-_s,, 06 Creatinine ... 0-005m 
As 0-005m-CaCl 99 0-0005M 
As 09% (w/v) Nacl 99 Glucose 2g./l 
As 0-O0l4m-Na,SO, 102 Galactose ... 2g./l 
As 0-037M-K HPC , 103 Lactose 0-005M 
As 0-005m-KI : 0-0005M 
Glucosamine 0-005M 
* 9% remaining on charcoal 0-0005m 


lodide ion differs from the others in appearing ir the eluate to some extent, but little iodide 
normally occurs in biological fluids. Adsorption on deactivated charcoal and subsequent 
recovery thus afford a simple and effective method for desalting. The recoveries of various 
non-aromatic organic substances are also shown in Table 2, and it will be seen that these, 
too, are eliminated in the filtrate by our procedure, 
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Table 3 shows the behaviour of some naturally-occurring amino-acids ; neutral, acidic, 
and basic aliphatic amino-acids are largely unadsorbed, whilst the aromatic amino-acids 
appear with relatively high recoveries in the eluate. In this respect histidine behaves like 
an aliphatic, rather than an aromatic, substance. Some recovery of the longer-chain 
aliphatic amino-acids in the eluate occurs, suggesting that deactivated charcoal is likely to 
adsorb long-chain substances (cf. the stearic acid used for deactivation) and branched-chain 
substances. A pH lower than usual is required for adsorption of tyrosine, suggesting that 
selective adsorption of components of a mixture might be possible with suitable pH changes. 

Table 4 shows the behaviour of a variety of aromatic substances. Good recoveries are 


TaBLe 3. Adsorption behaviour of naturally occurring amino-acids. 


From 0-005m- From 0-005m From 0-005m- From 0-005m- 
solution ; solution : solution : solution 

Amuno-acid filtrate eluate filtrate eluate Amino-acid filtrate eluate filtrate eluate 
Glycine 0 Phenylalanine . 90 l 06 
0 Tyrosine .... ; 2 81 14 0 
0 ‘ (87%) (O*) (91 *) 
1 3: 4-Dihydroxy 
0 phenylalanine... 81 
0 Tryptophan 87 
6 Kynurenine . : 81 
0 3-Hydroxykyn 
0 urenine 90 


Alanine 
Valine . 
Leucine 
Isoleucine 
Glutamic acid 
Arginine . 
Histidine 
Lysine 


e ®e OOS es 


Values obtained on adsorption at pH 2 


rasLe 4. Miscellaneous aromatic substances recoverable in good yield after adsorption on 
stearic acid-deactivated charcoal. 
From 0-005m-solution From 0-0005m-solution : 
Substance filtrate eluate filtrate eluate 


Benzene derivatives 
N-Acetylsalicylohydrazide glucuronide ......... 0 95 02 
N-Acetyl-(2: 3:5: 6-tetrachlorophenyl)cysteine not determined 73 
p-Aminobenzoic acid 
p-Aminohippuric acid 
m-Aminophenylglucuronide 
m-Aminophenyl O-sulphate 
Hippuric acid 
3-Hydroxyanthranilic acid 
p-Hydroxyphenylacetic acid 
m-Nitrophenyl O-sulphate 
Salicyluric acid 
Tyrosine O-sulphate ......-:cscccesscoeresceseeees 
Indole derivatives 
Indican (indoxy! O-sulphate) 
Indolylacetic acid . 
Indolylpropionic acid 
Indolylbutyric acid 
Purines 
Uric acid 
(Cuanine 
Xanthine 
Pyrimidines 
Thymine .,.......... ‘ 
Uracil 
Pyrvoles 
2-Carboxypyrrole 
Porphobilinogen 82 (8% *) 


* Amount eluted by use of aqueous phenol-ammonia, 


obtained with benzene derivatives (including phenols), indole derivatives, purines, and 
pyrimidines. Conjugates (e.g., 0-sulphates, glucuronides, glycine conjugates) are in general 
recovered as satisfactorily as unconjugated substances. However, in some cases recovery 
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after simple phenol elution is poor. Table 5 shows examples. It will be seen that sub- 
stances with basic amino-groups tend to remain adsorbed after treatment with aqueous 
phenol, but are eluted in good yield when either aqueous phenol-hydrochloric acid or 
aqueous phenol-acetic acid is used. This suggested an ion-exchange reaction involving 
the carboxyl group of the stearic acid used for deactivation. However, when charcoal was 
deactivated with octadecane in place of stearic acid, comparable recoveries (Table 5) were 
obtained. Possibly there are acidic groups on the charcoal surface, though if so it is sur- 
prising that they do not bind histamine (cf. Table 6). If an acid eluant is used, acetic is 
preferred to hydrochloric acid because of the smaller amount of degradation it is likely to 
cause during subsequent concentration of the eluate, and because traces of hydrochloric 
acid in the concentrate can interfere in subsequent paper chromatography. 

The low recovery of indolylbutyric acid on elution from stearic acid-deactivated char- 


TasLe 5. Aromatic substances recoverable in good yield from stearic acid-deactivated or 
octadecane-deactivated charcoal using modified conditions. 
(Values under ‘'S”’ refer to stearic acid-deactivated charcoal and under “ O”’ to octadecane- 
deactivated charcoal.) 
Eluate using Eluate using aq Eluate using aq 
Filtrate : aq. phenol : phenol-HCl * phenol-HOAc * 
Substance Conca, (m) S S oO Ss 0 S . 
Tyramine 0-005 74 79 76 
00-0005 d 82 8S 82 
Iryptamine 0-005 , as 86 89 
00005 2 78 BY 85 
56-Hydroxy 0-005 31 47 52 
tryptamine 0-0005 d 31 24 25 
Adrenaline 0-005 f 67 63 57 
0-0005 { d 62 60 62 
Adenine 0-005 ; 2! 33 90 87 95 
00-0005 95 94 04 
Cytosine 0-005 79 


00005 77 
* For composition see p. 2298. 


ras_e 6. Adsorption behaviour of some substances only poorly recovered in the stearic acid- 
deactivated charcoal procedure. 
From 0-005m-solution From 0-0005m-solution : 
Substance ! filtrate eluate filtrate eluate 
Salicylic acid ... sagbeebabbens acu nens 5 0 (57 T) 0 
Nicotinic acid ... Saveumernsisorseres 9 ” 
Nicotinamide ............ coeatenwad Hy) 9 
ND indi icin eednicentaaebntssicnd 06 85 
Riboflavin ...... Ran phataedae 0 0 


* A further 10% (approx.) can be eluted with aqueous phenol-HCl 
t Values obtained when NaHCO, was added to the eluate before concer tration 


coal with neutral phenol is surprising in view of the adequate recovery of its lower homo- 
logues (cf. Table 4). However, good recoveries are obtainable on elution with phenol 
ammonia, The pyrrole derivatives examined (Table 4) are less well recovered than, ¢.g., 
indole derivatives. The poor recovery of 5-hydroxytryptamine (Table 5) is due partly to 
degradation, but mainly to the firm binding of this substance on the charcoal. In Table 6 
are summarised some miscellaneous substances which were poorly recovered, Salicylic 
acid, nicotinic acid, and nicotinamide are satisfactorily eluted from deactivated charcoal, 
but are lost during the concentration step. This loss by steam-distillation was confirmed 
by distilling solutions not subjected to any adsorption procedure. The low recovery of 
riboflavin is due to the firm binding on the charcoal of a polynuclear molecule, whilst the 
non-recovery of histamine is due to non-adsorption, as was observed for histidine (Table 3). 
All the substances in Tables 2—6 were examined for their adsorbability on alumina, 
but only adrenaline and 3; 4-dihydroxyphenylalanine were adsorbed and recovered in 
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high yield. The adsorption of adrenaline on alumina is well known,*#"' and it was 
thought desirable to determine whether alumina was a selective adsorbent for dihydric 
phenols. The results obtained by using as adsorbents alumina or stearic acid-deactivated 
charcoal are shown in Table 7. It will be seen that alumina is excellent for adsorption 
and recovery of ortho-dihydric phenols with unsubstituted phenolic groups. meta~ and 
para-Dihydric phenols are little adsorbed, as are ortho-dihydric phenols in which the phenolic 
groups are modified (e.g., ferulic acid, 3 : 4-dimethoxyphenylalanine). On the other hand, 
recoveries of diphenolic substances from charcoal deactivated with 4% by weight of stearic 
acid are poorer than for most aromatic stubances (cf. Tables 3 and 4) possibly owing to the 
firm adsorption of substances with several hydrogen-bonding groups on the aromatic ring, 
and consequent inadequacy of phenol as a displacing agent. 

In experiments on varying degrees of deactivation we studied the recoveries of (a) 
anthranilic acid, taken as typical of substances well recovered from 4°, stearic acid-de- 
activated charcoal, (6) riboflavin, a polycyclic substance less readily displaced by phenol, 
(c) ferulic acid, a substance with hydrogen-bonding groups found to be less well recovered 


TABLE 7. Adsorption behaviour of dihydric phenols and derivatives. 


With stearic acid 
deactivated 
charcoal With alumina 


Substance Conen. (m filtrate eluate filtrate eluate 


ortho-Dihydric phenols 


Catechol 00-0005 § 5 95 


0-005 ob 
00005 oo 
3: 4-Dihydroxy-2-methylphenylalanine 0-0005 90 
3° 4-Dihydroxy-5-methylphenylalanine 06-0005 : : 73 
Adrenaline 0-005 92 
0-0005 95 
3; 4-Dihydroxyphenyleth ylamine 0-0005 96 
Cafieic (3 : 4-dihydroxycinnamic) acid 0-005 d sl 
00005 76 

O-Substituted ortho-dihydric phenols 
Ferulic (4-hydroxy-3-methoxycinnamic) acid... 0-005 41 
0-0005 41 


3: 4-Dimethoxyphenylalanine 0-0005 


meta-Dihydric phenols 
REGO 06 ss scvevncsvoeeceevcceroscecccevscvbonevveses . 00005 
3: 5-Dihydroxyphenylalanine . 00005 
2: 4-Dihydroxyphenylalanine . 00005 
2: 4-Dimethoxyphenylalanine ...........:0.0006+ . 00005 


para-Dihydric phenols 
QOuinol 
2: 5-Dihydroxyphenylalanine 
Homogentisic acid 


0-0005 i! 
00-0005 20 4 5 
0-002 49* not determined 


00-0005 not determined o4 


* A further 25% could be obtained by elution with phenol-ammonia and immediately concen 
trating the eluate under N, 


(Table 7), and (d) substances with basic amino-groups such as adenine, tyramine, and 
tryptamine. 

The recoveries in the eluate when using varying degrees of deactivation by stearic acid 
are summarised in Fig. 1. The superiority of deactivated over untreated charcoals as 
adsorbents is immediately evident. With untreated charcoal recovery even of anthranilic 
acid is low and the absence of material in the filtrate (cf. Table 8) shows that this low re- 
covery is due to over-high affinity of the adsorbent. But whereas a comparatively low 
degree of deactivation suffices to make the adsorption of anthranilic acid in large degree 
reversible by aqueous phenol, yet in the case of both riboflavin and ferulic acid the degree 
of reversibility of the adsorption increases steadily with increasing degrees of deactivation. 


1! Weil-Malherbe and Bone, Biochem. J., 1962, 61, 311 
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This suggests that for routine use degrees of deactivation higher than the 4% previously 
used are desirable. 

With basic substances the effect varies. Whereas recoveries of the weakly basic adenine 
improve with increasing degrees of deactivation, recoveries of the more strongly basic tyr- 
amine are hardly affected. As already mentioned, this is unlikely to be due to ion-exchange 
involving the stearic carboxyl group, as deactivation of the charcoal with octadecane 
(Tables 5 and 8) or paraffin-wax (Table 8) gives results similar to those obtained with stearic 
acid for all types of compound examined. Basic substances such as tyramine can be re- 
covered in good yield from such adsorbents if an acid, instead of a neutral, eluant is used 
(cf. Table 5), but prolonged exposure to acid conditions is undesirable in isolation of natural 

products. 
If the charcoal is deactivated with octadecylamine a different picture emerges (Fig. 2). 


Fic. 1. Fic, 2, 
F x 


L 
. 4 


Fy, 


r 8 


1 1 J 1 Jj 

0 2 4 6 8 

Stearic acid (h) used for Octadecylamine(%) used for 
deactivation deactivation 


1, /yramine; B, adenine; C, riboflavin; D, ferulic acid; E, anthvanilic acid; F, tryptamine 


X Tyramine recovered on use of more adsorbent 


The effect of increasing degrees of deactivation on the recoveries of anthranilic acid, ribo- 
flavin, and ferulic acid are similar to those found with the acidic and neutral deactivating 
agents, but in the case of basic adsorbates increasing amounts of the basic deactivating 
agent result in markedly increased recoveries with a neutral eluant. This appears to be 
general for all basic substances investigated (cf. Tables 8 and 9), and the basic deactivating 
agent does not lead to lower recoverabilities of acidic substances such as indolylacetic acid 
and indoxyl sulphate (Table 9), compared with those when an acidic deactivating agent is 
used (ef. Table 4). 

Increase in the degree of deactivation of the charcoal, of course, results in a decreased 
capacity for the adsorbate. F.g., with a charcoal deactivated with 8°, of octadecylamine 
much tyramine remains unadsorbed (Table 9) under the standard conditions of our experi- 
ments. But, as shown in Table 9, this difficulty can be overcome by increasing the amount 
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of the adsorbent, whereupon recoveries rise markedly. In other words, octadecylamine- 
deactivated charcoal permits reversible adsorption of a substance such as tyramine under 
essentially neutral conditions, whereas untreated or, ¢.g., stearic acid-deactivated charcoals 
do not. 


TABLE 8. Recoveries (from 0-005M-solution) of some aromatic substances after various pre- 
treatments of the charcoal. 


Anthranilic Ferulic 
acid ; acid ; Riboflavin Adenine : Tyramine : 


filtrate eluate filtrate eluate filtrate eluate filtrate eluate filtrate eluate 


46 0 ‘ 0 
65 ‘ 2: 0 
0 


Deactivating Deactiv- 
ator (%) * 


= 


Stearic acid. 


ce oet 


Octadecane 


Paraffin-wax 
Octadecylamine 


0 
1 2 67 0 


* Percentage by weight of deactivating agent relative to weight of charcoal. 


a eto mets eo Sto 


TABLE 9. Adsorption (from 0-005M-solutions) by octadecylamine-deactivated charcoal, 
5-Hydroxy 
Deactiv Weight of Tyramine : Tryptamine tryptamine : Adrenaline : 
ation (%)* adsorbent (g.)¢ filtrate eluate filtrate eluate filtrate eluate filtrate eluate 
0 9 0 4 0 7 0 
2 29 0 31 40 9 
4 40 0 4u 53 14 
8 45 9 8Y ‘ 90 26 
8 72 0 93 00 9 
8 98 0 03 87 3 
By use of 8% deactivated charcoal under the standard conditions the values obtained for indolyl- 
A A40/ 


acetic acid were: filtrate, 0; eluate, 79%; for indican, filtrate, 5; eluate, 56%, 


* See footnote to Table 7. 
¢t Under the standard conditions of the previous tables, | g. of adsorbent was used in each case 


The percentage recoveries reported above were obtained by using simple aqueous solu- 
tions. They therefore take no account of the competition which is to be expected if ad- 
sorption is carried out from a complex mixture such as obtains in urine, This aspect is 
under investigation. However, competition should not prevent recovery of all aromatic 
substances, provided adsorption is reversible, and an adequate amount of adsorbent is used, 
The development of adsorbents on which metabolites can be reversibly adsorbed is being 


further investigated. 
EXPERIMENTAL 


A dsorbents,—Activated charcoal (British Drug Houses Ltd.) was used directly, or after de- 
activation. Charcoal was deactivated with stearic acid, octadecane, or octadecylamine by 
stirring it with an appropriate amount of a 1-5% (w/v) solution of the deactivating agent in 
ethanol for | hr., and diluting the mixture with water (91, per |. of ethanol) slowly with stirring. 
It was collected on a Buchner funnel, washed with water, and dried in air. 

Deactivation with paraffin-wax was carried out by adding the charcoal (100 g.) to an appro- 
priate amount of a 1% (w/v) solution of paraffin wax (m. p, 57°) in light petroleum (b. p. 60-—80°) 
and periodically shaking the mixture. After 1 hr. the charcoal was filtered off, suspended in 
400 ml. of ethyl acetate, again filtered off, suspended in 400 ml, of ethanol, again filtered off, 
suspended in water, filtered off, and air-dried. 

Eluants.—Aqueous phenol was prepared by diluting 80 ml. of phenol liquefactum, B.P., to 


2208 Use of Deactivated Charcoals for Isolation of Aromatic Substances. 


1 |. with water (crystalline phenol is equally effective but dearer), The final phenol concentra- 
tion is about 7-2%, but is not critical. Phenol-hydrochloric acid, phenol-acetic acid, and 
phenol-ammonia represent 5 vol, of the above aqueous phenol with 1 vol. of concentrated . 
hydrochloric acid, glacial acetic acid, or concentrated ammonia (d 0-88) respectively. 

Standard Experimental Procedure.—Before adsorption all solutions were adjusted with acetic 
acid to pH 4, unless otherwise stated. To 25 ml. of an appropriate concentration of solution 
of the substance being investigated was added 1 g. of deactivated or untreated charcoal, and 
the mixture shaken at intervals for 16 min. It was then filtered on a Buchner funnel (5 cm. 
diam.) and the charcoal washed with 75 ml. of water. The filtrate and washings were combined 
and concentrated, and their content of adsorbate determined. This value is entered under 
‘ filtrate ’’ in the Tables. The charcoal was then eluted by slowly passing 50 ml. of aqueous 
phenol (or in the experiments with acid and ammoniacal phenol, with an appropriate mixture 
of 560 mi. of aqueous phenol and 10 ml. of acid or ammonia), followed by 30 ml. of water. The 
combined eluate and subsequent washings were evaporated to dryness under reduced pressure 
(water-pump) in a water-bath held below 80°. Water was then added, and the whole reconcen 
trated to dryness (the second evaporation with water ensured removal of phenol). The residue 
was made up to a known volume, and the adsorbate determined by an appropriate method. 
The value so obtained is given under " eluate ’’ in the Tables, With conjugated substances 
chromatograms of the concentrated eluate were run to check that hydrolysis had not occurred. 

Alumina Adsorption Procedure,—The solution (25 ml.), previously adjusted to pH 4 with 
acetic acid, was shaken with alumina (7 g.; Savory and Moore, Ltd., “ for chromatographic 
analysis ''), The alumina was filtered off on a Buchner funnel, washed with water, and then 
eluted with 70 ml. of 0-In-hydrochloric acid, and the eluate concentrated to dryness as above 
before estimation 

Determination of Adsorbates.—Since the recovery of single substances was being determined, 
relatively unspecific methods could be used. In this general survey a high degree of accuracy 
was unnecessary to gain the overall picture and we therefore accepted methods accurate to 
within + 5%, though we consider the accuracy of most of our determinations to be better than 
this. Most substances were determined colorimetrically, and in cases where the estimation 
procedure used was not known to be applicable to the particular compound, a standard curve 
was first prepared to ensure that only a linear region of the curve was used. The following were 
the methods employed : 

Inorganic ions, Chloride ion was determined iodometrically as described by King. Am 
monium ion was determined by Nesslerisation as in the urea procedure described by King.” 
All other ions were determined by measuring the activity of isotopically labelled solutions. 
“Na and I were determined by using a ‘‘ Coronet ’’ counter (E.R.D. Engineering Co., 
Slough); “PO, and “K were measured in a liquid counter; “ “SO, and “Ca were measured by 
infinite thinness '’ counting of solutions distributed on lens tissue and dried. 

Aliphatic substances, Urea, creatinine, glucose, and galactose were determined as by King." 
King's glucose method * was found suitable for lactose. Glucosamine was determined with 
ninhydrin as for amino-acids. 

Amino-acids. The ninhydrin procedure ™ was used except for tyrosine (Folin-Ciocalteu) 
and tryptophan (Ehrlich) 

Phenols, The Folin-Ciocalteu procedure was used as described by King ™ for the determin- 
ation of phenol in the King-Armstrong phosphatase procedure, The same procedure was used 
with dihydric phenols. 

Aromatic amines, Bratton and Marshall's procedure * was used 

Indoles. The Ehrlich reaction was used as described by Horn and Jones "’ for tryptophan, 
except for indican, indolylacetic acid, and 5-hydroxytryptamine.” 

Pyrroles. Watson and Schwartz's procedure ™ was used for porphobilinogen, and Ehrlich’s 
reagent, as in the Horn and Jones " procedure, for 2-carboxypyrrole 


** King, “ Microanalysis in Medical Biochemistry,’’ Churchill, London, 2nd edn., 1951 
'* Veall and Baptista, Brit, ], Radiol., 1954, 27, 315. 

'* Veall, tbid., 1948, 21, 347. 

'® Cocking and Yemm, Biochem. ]., 1954, §8, Proc. xii 

'* Bratton and Marshall, 7. Biol. Chem., 1939, 128, 537 

'' Horn and Jones, tbid., 1945, 167, 153. 

‘* Meiklejohn and Cohen, J. Lab. Clin. Med., 1942, 27, 949 

'* Holt and Callow, Analyst, 1943, 68, 351 

* Udentriend, Weissbach, and Clark, /. Biol. Chem., 1955, 215, 337 

*! Watson and Schwartz, Proc. Soc. Exp. Biol. Med , 1941, 47, 393 
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Glyoxalines. Histamine was determined colorimetrically after coupling with diazotised sul- 
phanilic acid and basification. Urea was added to remove excess of nitrite and prevent colour 
fading. 

Purines and pyrimidines. Uric acid was determined as by King,” adenine according to 
Woodhouse,” guanine and xanthine by the Folin-Ciocalteu procedure (as for phenols), cytosine 
and uracil as by Svodak ef al.,™ and thymine as by Woodhouse.™ 

Conjugated substances. Those with a readily determinable group were determined directly, 
¢.g., m-aminophenylglucuronide by Bratton and Marshall's procedure. Others were first 
hydrolysed, e.g., phenolic sulphates were determined as phenols after hydrolysis. Hippuric 
acid was determined by the procedure of Gaffney ef a/™ The mercapturic acid, N-acetyl- 
(2: 3: 5: 6-tetrachlorophenyl)cysteine, was determined by iodine titration after alkaline hydro- 
lysis (method based on ref. 26). 

Miscellaneous. Nicotinic acid, nicotinamide, and riboflavin were determined by their ultra- 
violet absorption at 262, 262, and 450 my respectively 


We thank Professors A. Neuberger, F.R.S., C. Rimington, F.K.S., and RK. T, Williams and 
Drs, J. Harley-Mason, G. A. Stein, and W. V. Thorpe for gifts of substances 
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446. T'he Micro-flame Detector in Gas—Liquid Partition Chromato- 
graphy : Correlation of Response with Heats of Combustion. 
By J. I. Henperson and J. H. Knox. 


Gas-liquid partition chromatography is carried out with nitrogen or 
carbon dioxide as carrier gas. Hydrogen is added to the gas stream as it 
emerges from the column, and the resultant mixture burnt in a draught-free 
housing in contact with a thermocouple. The temperature rise of the 
thermocouple during the combustion of any band is found to be directly 
proportional to the rate of liberation of heat in the combustion of the band. 


RECENTLY a novel method of detection for use in gas-liquid partition chromatography 
has been described by Scott ! in which hydrogen is used as carrier gas and is burnt at a jet 
at the outlet of the column. By measuring the changes in the temperature of a thermo- 
couple placed in the flame, the elution of various bands can be observed as peaks on a 
temperature-time plot. It appeared to us that a direct correlation should exist between 
the areas of such peaks and the heats of combustion of the substances which gave rise to 
them. Using a simple apparatus, we have in fact been able to show that a good linear 
relation exists between the peak area per mole of some 24 organic substances and their 
molar heats of combustion. As a result of the work we have also concluded that the 
micro-flame detector has approximately the same sensitivity as the more widely used 
thermal conductivity type and that it is considerably less temperamental at high 
sensitivity. 

The method originally described suffered from the disadvantage that during the elution 
of a band the basic thermocouple temperature rose in the direction of higher temperature. 
This effect, which renders quantitative results unreliable, is apparently due to a slight 
increase in the hydrogen flow rate as the band emerges from the column, the band acting 
as a viscous plug when within the column. This disadvantage has been overcome by 
Wirth,? who uses, instead of hydrogen, an inert carrier gas such as nitrogen or carbon 


' Seott, Nature, 1955, 176, 973. 
* Wirth, personal communication. 
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dioxide, The hydrogen is passed through a separate column and mixed with the carrier 
gas immediately before combustion. In this way a constant flow of hydrogen is ensured 
irrespective of what may pass through the chromatography column proper. This modific- 
ation of the original design has been found to be completely satisfactory in removing base 
line steps and has no detrimental effect on the stability or sensitivity of the apparatus. 

The greatest difficulty in construction of the micro-flame detector lies in ensuring an 
absolutely stable flame when ne foreign gas is passing through the flame. In order that the 
apparatus used in the present work should be able to measure a heat output of 0-5 cal./min. 
with an accuracy of 1% (this corresponds roughly to the maximum rate of heat liberation 
during the elution of 100 yg. of benzene under our experimental conditions), a flame stable 
to +0-01° at an ambient temperature of 600-—800° is required. The flow of hydrogen 
must therefore be stabilised to about | part in 10° and the flame itself must be mounted in 
an absolutely draught-free housing. In our apparatus the flow rate was stabilised by 
passing the hydrogen, kept at a pressure of some 20 cm. Hg above atmospheric by a water 
bubbler, through a series of six stabilising vessels each consisting of a length of fine capillary 
leading into a volume of about 20c.c. The hydrogen was then passed through a “‘ dummy ”’ 
chromatographic column before being mixed with the carbon dioxide or nitrogen which 
was used as carrier gas for the chromatography proper. The flow of the carrier gas was 
similarly stabilised by two stabilising vessels. 

The prevention of draughts was ensured by mounting the jet inside an asbestos pipe, 
50 cm. long and 10 cm. in diameter, lined with five spaced concentric layers of fine copper 
gauze. The jet itself was made of quartz and had a diameter of 0-2 mm. The thermo- 
couple was mounted about 1 cm. above the jet and was contained in a very thin-walled 
quartz capillary which served to minimise corrosion and prevented any catalysis of the 
combustion, The output of the thermocouple was balanced by means of a potentiometer 
and the off-balance e.m.f. supplied to a sensitive galvanometer. With this arrangement 
a flame stability of +4-0-03° was achieved. We were therefore in a position to analyse 
mixtures containing quantities of the order of 300 yg., but in practice, owing to the 
difficulty of adding such minute amounts of liquids, samples of the order of 2—5 mg. were 
used, The thermocouple used in the experiments was of platinum—platinum-13°, rhodium 
which gave a deflection of 3.cm./°c with the galvanometer employed. Random fluctuations 
were of the order of 1 mm. The chromatography column was 100 cm. long, 8 mm. in 
diameter, and was packed with a 3 : 2 mixture of Celite 545 and Silicone oil D.C, 500. The 
column temperature was 65°, and the flow rates of hydrogen and carbon dioxide (used 
throughout the experiments as carrier gas) were 100 and 66 c.c./min., respectively. The 
basic thermocouple temperature with these flow rates was 650° above rcom temperature. 

Before commencing experiments on the relation between the heats of combustion of 
various substances and the sensitivity of the micro-flame detector it was necessary to 
confirm that the response of the detector was a linear function of the amount of any 
component passed, Since it is extremely difficult to add accurately very small amounts of 
liquids, a number of mixtures of different compositions were made up with acetone and 
benzene. A logarithmic plot of the relative peak areas against the relative amounts of the 
two components is shown in Fig. 1. The line, which has been drawn with unit gradient, 
passes within experimental error through all the points and confirms that the response is in 
fact linear. More extended experiments by Wirth have led to the same conclusions. 

In correlating peak areas with the heats of combustion, an analogous method was used. 
Solutions of a variety of substances were made up in toluene by accurate weighing, and 
2-5 mg. of each mixture used for chromatography, the mixtures being injected into the 
column by means of a hypodermic syringe through a serum cap. The peak areas were 
then measured, and the peak areas per mole calculated relative to a value of 100 for toluene. 
These values are plotted in Fig. 2 against the heats of combustion per mole of the various 
substances, The heat of combustion values are those for 25°; no correction has been 
made for the temperature f the flame since other sources of error are probably greater and 
the correction term would in any case be roughly proportional to the heats of combustion 
for any series of compounds. The results all fall on a good straight line and therefore 
establish that the heat of combustion is the major factor influencing the sensitivity of the 
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micro-flame detector. Changes in the shape of the flame appear to have only a secondary 
effect on the response. 

In order to obtain an absolute calibration of the instrument some experiments were 
carried out with a 1: 5 (v/v) solution of benzene in carbon tetrachloride. Using about 
6 ul. of the mixture we were thus able to inject with reasonable accuracy about | ul. of 
benzene. In this way reproducibility of the order of 5°, was obtainable for the benzene 
peak area over several experiments and a rough value for the sensitivity of the detector per 
calorie was obtained. 

With a hydrogen flow of 100 c.c./min. the basic rate of heat production by the flame is 
240 cal./min.; 0-88 mg. of benzene, which has a heat of combustion of 8-8 cal., gave a peak 


Fic. 1. Linearity of response of detector Fic. 2. Variation of sensitivity of flame detector 
to mixtures of different compositions, with heat of combustion of various substances 
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(1) m-Pentane; (2) m-hexane; (3) n-heptane; (4) n-octane; (5) cyclohexane; (6) benzene; (7) toluene; 
(8) methyl alcohol; (9) ethyl alcohol; (10) #-propyl alcohol; (11) n-butyl alcohol; (14) ethyl 
formate; (13) methyl acetate; (14) ethyl acetate; (15) acetone; (16) ethyl methyl ketone; 
(17) methylene chloride; (18) chloroform; (19) carbon tetrachloride; (20) ethyl chloride; (21) 
ethyl bromide; (22) isopropyl bromide; (23) carbon disulphide; (24) triethylamine, 


of mean area 19-2° min., with a maximum temperature rise during elution of 11-2°, The 
rise in flame temperature for an excess heat production at the rate of | cal./min. is 
therefore : 

AT = 19-2/8-8 = 2-18° min. cal. 


Extrapolation of this value to a rate of heat production equal to that of the hydrogen flame 
itself gives a temperature rise of 520°. This value may be compared with the actual basic 
thermocouple temperature of 650°. A very rough estimate of the sensitivity of the micro- 
flame detector can thus be made on the assumption that the temperature of the thermo- 
couple above room temperature is directly proportional to the heat liberated in the flame, 
Alternatively, if T is the thermocouple temperature and (Q the heat liberated in the flame, 
the temperature increase 8T due to an excess heat production 4Q is given by 87 = 80 x 
aT /Q, where a is a constant close to unity, in our case 0°80. 

The results which have been described emphasise a number of useful points regarding 
the micro-flame detector in gas-liquid partition chromatography. This detector has a 
sensitivity of the same order as that of the thermal conductivity detector but it is 
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considerably simpler to construct and less troublesome in action. It responds to various 
substances according to their heats of combustion rather than to the number of moles in the 
sample. The method is therefore particularly suitable for the analysis of compounds of 
high molecular weight. While the thermal conductivity detector has roughly the same 
sensitivity per mole for any homologous series, the micro-flame detector has roughly the 
same sensitivity per g. The thermal conductivity detector should therefore be employed 
in the analysis of permanent gases, non-combustibles, and substances of low heats of 
combustion (nitrogen, oxygen, rare gases, hydrogen, methane, ethane, carbon tetra- 
chloride, chloroform, etc.), while the micro-flame detector is the more suitable in the 
analysis of mixtures containing substances of higher molecular weights and higher heats of 
combustion such as those found in petroleum distillates. 
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447. Absorption Spectra of Ketones, Part 1V.* The Steric Require- 
ments for Spectroscopic Interaction between a Carbonyl Group and a 
ty-Double Bond. 


By R. C, Cookson and N. S. WARIYAR. 


Some bicyclo[2 : 2: 2joct-6-en-2-ones have been synthesised by the Diels 
Alder reaction, The structure has been determined of a tetracarboxylic acid 
produced by treatment with acid of the adduct of anethole with two mols. of 
maleic anhydride. 

Examination of the absorption spectra of these and other ketones suggests 
that the carbonyl band near 290 my is abnormally intense only when the 

i . 2.8 
p-orbitals of C,,, and C,, in the system, CO-C~-C=C, point at one another. 
[he intensity of the band is increased by substitution on the olefinic double 
bond. 


OPEN-CHAIN fy-unsaturated ketones and a-phenyl-ketones have been known for several 
years to show an unusually intense absorption band in their ultraviolet spectra at about 
200 mu.2® We have examined the effect of the structure of the ketones on the absorption 
band to find out what steric and electronic factors determine the intensity. But before 
the absorption spectra are discussed the preparation of some bicyclo[2 ; 2 : 2joctenones, 
needed for the investigation, will be described. 

Although 6-dichloromethyl-6-methyleyclohexa-2 : 4-dien-l-one did not react with maleic 
anhydride in boiling benzene, the Diels-Alder adduct (I) was formed in good yield at 190°. 


eae 


° 
| 


RO,C 


| 


sCHCI, 
Me MeO,C 
(It) (iit) (IV) 


tromination of the derived dicarboxylic acid to a bromo-lactone acid (II; R == H) con- 
firms that the anhydride group in the adduct (I) is cis to the olefinic double bond. [Minim- 
isation of compression in the transition state for addition would probably lead to the con- 
figuration of the methyl group shown in (I), but there is no experimental verification of 


* Part LIT, J., 1965, 1651 


' Piquard, Bull, Soc. chim. France, 1941, 8, 55 
* Kumiler, Strait, and Alpen, /. Amer. Chem. Soc., 1950, 72, 1463. 
* Idem, a 2 4558. 
* Shapiro, J. Org. Chem., 1949, 14, 837. 
Braude and Timmons, /., 1953, 3144 
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this.| The dienone added dimethyl acetylenedicarboxylate to give the diunsaturated 
compound (III), which rapidly took up one mol. of hydrogen over platinum, yielding the 
mono-unsaturated ester (IV). 

Hukki * has shown that the adduct of p-methylisopropenylbenzene with two mols. of 
maleic anhydride has the structure (V; R = Me), and Alder and Schmitz-Josten 7 more 
recently that the corresponding adduct from styrene itself has the structure (VY; R = H). 
There can be little doubt that other products from the Wagner-—Jauregg reaction, including 
that from anethole,® have analogous structures. Bruckner and Kovacs ® have in fact been 
able to interpret the known chemistry of the anethole adduct in terms of (VI). 

Hydrolysis of the adduct (V1) yields an acid, easily converted into a dianhydride and 
characterised by the tetramethyl ester (VII; R = Me). On long boiling with acid the 
original adduct (VI), like the derived keto-acid or its derivatives (VI1), forms an isomeric 
keto-acid, characterised by a distinct tetramethyl! ester. Since the isomerised acid no 
longer forms an anhydride, Buckner and Kovacs * suggested that it might be a stereoisomer 
of (VIL) in which both pairs of carboxyl groups are trans. Their conclusion about the 
stereochemistry of the carboxyl groups is probably justified, but it seemed to us that a 
migration of the double bond might also be involved in the isomerisation, Conjugation 
of the double bond with either of the carboxyl groups was ruled out by the resistance to 
formation of an anhydride and by the infrared spectrum of the tetramethyl ester which 
showed no strong absorption in the double-bond stretching region at frequencies lower 
than 1730 cm. (in CS,). The ultraviolet absorption of the substance (discussed later) 
suggested that the double bond had moved to the tetrasubstituted position (see VIII). 


oc—oO oc——O 


CO,Me 


7 > CO,Me 
MeO | ~“ 
‘ YA wz ‘Me 


(1X) (X) 


Structure (VIII) was vindicated by the behaviour of the tetramethyl ester on pyrolysis. 
At 200° dimethyl fumarate split off, leaving a phenol, isolated as the methyl ether. This 
product of pyrolysis was identified as the tetralin derivative (IX; R = Me) by its typical 
absorption spectrum and by dehydrogenation to a (met hoxy)methylnaphthalenedicarboxylic 


* Hukki, Acta Chem. Scand., 1951, §, 31. 

’ Alder and Schmitz-Josten, Annalen, 1955, 506, 1. 

* Bruckner, Ber., 1942, 75, 2034. 

* Bruckner and Kovacs, J. Org. Chem., 1948, 18, 641; 1949, 14, 665; Bruckner, Kovdcs, and Huhn, 
ibid, 1951, 16, 1481 
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ester, which was shown to be (X) by comparison with an authentic sample made from the 
known anhydride.®* 

The Diels-Alder dissociation to dimethyl fumarate and the phenol (IX; R = H) shows 
that the original carbon skeleton of (VI) is not changed during the isomerisation. The 
position of the double bond in the isomeric ester explains why that ester dissociates to a 
pheno! under conditions that do not affect the original ester (VII). When the adduct 
(VI) decomposes it regenerates anethole and maleic anhydride, without formation of a 
tetralin derivative.® 

Takeda and his colleagues 1° have isolated the two possible adducts of $-naphthol with 
maleic anhydride. Their assignment " of the exo-configuration * (XI) to the more abund- 
ant isomer and the endo-configuration (XII) to the less abundant one was based on the 
higher dipole moment of the latter. Chemical proof of the correctness of the assignment 
has now been found in the reduction of the endo-diacid (XIII; R = H) by potassium boro- 
hydride, followed by very mild treatment with acid, to a lactone-acid (XV; R = H) which 
with diazomethane gave a lactone-ester (XV; R = Me) characterised as a y-lactone by 
the band in its infrared spectrum at 1776 cm.~! (in CHCI,). The lactone-ester (XV) was 
also formed by reduction of the endo-diester (XIII; R = Me) with sodium borohydride : 
addition of hydride from the less hindered, exo, side of the carbony! group is evidently 
immediately followed by addition of the resulting alkoxide to the ester carbonyl group and 
reaction is completed by loss of methoxide ion. Under the same conditions the exo-diester 
was reduced to a stable hydroxy-diester (XIV). 

We now return to consideration of the ultraviolet absorption spectra. From the 
figures quoted in Tables 1, 2, and 3 it seems that nearly all #y-unsaturated ketones, where 
the carbonyl group is not part of a ring, have an abnormally intense absorption band with 
its maximum at about 290 my, a similar position to that of the normal n — rx transition 
in saturated ketones 


COR 


fo 


COLR 


(XH) 


MeOQ,C 
(XIV) (XV) 


The conformational freedom of these ketones makes it difficult to distinguish steric 
from other factors which might control the intensity of their absorption, but the intensity 
of absorption of the cyclic ketones, the conformations of which are known much more 
precisely and in some cases are geometrically fixed, seems to depend mainly on two factors, 
one steric and one electronic. 1 836 

The steric factor in the system, CO-C-—C=C, is such that no ketone shows an abnormally 
high extinction coefficient unless the p-orbitals of Cq) and C,,) are directed approximately 

* In this paper endo and evo are used in the sense that o-phenylene is considered as the bridging group ; 


that is, substituents on the same side of the cyclohexane ring as the benzene ring are exo, those on the 
other side are endo 


” Takeda and Kitahonoki, /. Pharm. Soc. Jap., 1951, 71, 860; 1953, 78, 206, 280. 
'! Takeda, Nagakura, and Kitahonoki, Pharm. Bull. Jap., 1953, 1, 135 
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towards one another.* So the eyelopentenones (Table 5), having the carbonyl! group and 
the olefinic double bond in approximately the same plane, show no spectroscopic inter 
action. 2-Phenyleyclohexanone (No. 24), where the equatorial conformation of the pheny! 
group * ensures that the geometrical condition for interaction cannot be satisfied, has a 


12) Oo 
YA AGL 
1G; 


4 


HO 
OH 

(XVI) (XVII) 
normal extinction coefficient; whereas 2: 2-diphenyleyclohexanone (No, 26), where one 
phenyl group must be axial, so allowing the condition to be satisfied when the conformation 
about the C-Ph bond is suitable, does show increased extinction. [A rather similar geo 
metrical arrangement holds in dianhydrodihydrostrophanthidin (partial formula XVII) 
(No. 58), which shows markedly stronger absorption than monoanhydrodihydrostrophanth- 
idin (XVI) (No. 57).} 

But the most revealing contrast is between @-tetralone (No. 38) and the cyclohexenones 
with tetrasubstituted double bonds (Nos. 34-—37) on the one hand, and the corresponding 
bridged-ring ketones (Nos. 47—52) on the other hand. The first group of ketones shows 
normal carbonyl absorption (¢ = 20-80) while the second shows strong interaction 
(e = 300—500). The most obvious difference between the two classes is that the unbridged 
ketones probably exist mainly in the distorted chair conformation (XVIII), whereas the 
bridged ones must adopt a distorted boat conformation (XIX): in the chair conformation 
the orbitals are skew to one another, in the boat their axes intersect. 


8) 


; -CPhy COEt 
\ 7 


CHyCHyNMe, 


(XVIII) (XIX) (XX) (XXII) 


Although the large increase in extinction coefficient of bicyclo[2: 2: 1 )}heptenone ¢ 
(XX) (No. 56) compared with the bicyelo[2 : 2 : 2)octenones (Nos, 44—46) with disubstit 
uted double bonds probably reflects the slightly closer approach of the -orbitals in the 
former, it may be partly due to increased strain. Similar geometrical factors presumably 
cause the transannular addition reactions of bieyclo|2 : 2: Iheptadiene, which are not 
shown by bicyclo{2 : 2 : 2}octadiene."® 

Amongst the 3-alkylidenecyclohexanones (Table 7) the two methylated cholest-5-en-3- 
ones (Nos. 39 and 40) show no interaction, while the 96-ergosta-7-en-Ll-ones (Nos. 41 and 
42) do exhibit significant interaction. The probable adoption of a distorted-chair con- 
formation by ring A of the former pair and of a distorted boat by ring c of the latter seems 
inadequate, in itself, to account for the difference. The flattening of ring A caused by 


* From the available data we cannot give an exact definition of the geometry required for maximum 
interaction, but we would expect one condition to be that the atomic p-orbitals of C,,, and of Cy, should 
be in the same plane as C,,), Cy), and Cy, 

¢ The spectrum was measured by Mr. C. Sandris in Dr. G. Ourisson's Laboratory (Strasbourg) on a 
sample of the ketone (XX), generously given by Professor N. J. Toivonen (Helsinki), We are most 
grateful to Dr. Ourisson and Professor Sulvenen for their kindness in suggesting our publication of their 
results 

Alpen and Kumler, J. Amer. Chem. Soc., 1950, 72, 5745 

4 Cf. Barton, Cookson, Klyne, and Shoppee, Chem. and Ind, 1954, 21 

4 Winstein and Shatavsky, thid., 1956, 56 

1S Hine, Brown, Zalkow, Gardner, and Hine, J. Amer. Chem. Soc., 1955, 77, 594 
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TABLE 1, Open-chain (y-unsaturated ketones. 


Compound Max. (my) Solvent Ref 
200 1O A 
281 Et 5 
290 


4-Methylpent-4-en-2-one 
4-Hydroxyhept-6-en-3-one 


3-Hydroxy-3 : 5-dimethylhex-4-en-2-one 281 J 5 


TABLE 2. «-Phenyl-ketones. 

ca, S00 * 
284 * 
2RHe? 
288 * 
284° 
288¢ 
296% 
287 
2964 
2054 


206°." 


Vhenylacetaldehyde 
Vhenylacetone 


1-Vhenylbutan-2-one 
Vhenylbutan-2-one 


3-Methyl-3-phenylbutan-2-one 

3-Methy1-3-phenylpentan-2-one 
Methyl-4-phenylhexan-3-one 
Ethylthio-3-phenylacetone 302 
Ethylsulphonyl-3-phenylacetone 286 
Benzy!-6-dimethylamino-4-phenylheptan-3-one hydro- 288° 
chloride 

3-Diphen ylacetone 294 * 


TABLE 3, aa-Diphenyl-ketones. 


1-Diphen ylbutan-2-one 2054 
4-Diphenylbutan-2-one 298° 
Diethylamino-1 : |-diphenylbutan-2-one hydrochloride 287 
Methoxy-3 : 3-dipheny!butan-2-one 200 
Dimethylamino-4 : 4-diphenylheptan-3-one hydrochloride 295 
2093 * 

Dimethylamino-4 ; 4-diphenylheptan-3-one hydrochloride 207" 
Dimethylamino-4-phenyl-4-p-tolylheptan-3-one hydro 289° 
chloride 
Dimethylamino-4-p-methoxyphenyl-4-phen ylheptan-3-one 
hydroc hloride 


2oLe 


TABLE 4, a-Phenyl- and a-vinyl-cyclanones. 

292 50 
200 40 
20) « 17 
2904 30 
208 125 
293 4 130 
295 170 
290 50) 
290 41 


Phenyl es nemmgsoyng 
Phen yleyclohexanone 


4: 5-Dimethyl-2 shenetetihemncee 


2-Diphenyleyclohexanone 
6-Phen yleyclohex-3-enone 
4: 4-Dimethy]-6-phenyleyclohex-3-enone 
Methyl 3f-acetoxy-19-oxo0-olean-12-en-28-oate 


* Shows fine structure: main peak quoted 


Notes to Tables; * Read from small-scale graph 
Jarton, F.R.S., and Dr. D. Locke 


Point of inflection, * Kindly given by Professor D. H. R 
inpublished data). ‘ Reacts with solvent 
Solvents: Et = ethanol, He n-hexane, CH 
form, 1O isooctane, W « water, T toluene 
Keferences: A, Gray, Rasmussen, and Tunnicliff, J. Amer. Chem. Soc., 1947, 69, 1630. B, Cram 
and Knight, thid., 1952, 74, 5835. C, Fehnel and Resnick, /. Org. Chem., 1955, 20, 996. D, Wilson 
and Kyi, J., 1952, 1321. E, Mislow and Hamermesh, /. Amer. Chem. Soc., 1955, 77, 1590; Mislow 
and Lazarus, ibid, p. 6383. F, Wildman and Wildman, J. Org. Chem., 1952, 17, 581. G, Bennet 
and Burger, /. Amer. Chem. Soc., 1953, 76, 84. H, Ruzicka, Grob, Egli, and Jeger, Helv. Chim. Acta, 
1943, 26, 1218. I, This paper. , McBee, Smith, and Ungnade, /. Amer. Chem. Soc,, 1955, 77, 559 
K, Dorfman, Chem. Rev., 1953, 68, 105. L, Birch, /., 1946, 593. M, Birch, Murray, and Smith, /,, 
1061, 1945. N, Cocker and Hornsby, J/., 1947, 1157, O, Birch, J., 1950, 367. P, Wilds and Nelson, 
|. Amer, Chem, Soc., 1953, 75, 5366. ©, Shealy and Dodson, /. Org. Chem., 1951, 16,1427. K, Bladon, 
Henbest, Jones, Lovell, Wood, Woods, Elks, Evans, Hathaway, Oughton, and Thomas, /., 1953, 2921 ; 
Burke, Turnbull, and Wilson, ibid, p. 3237; Heusler and Wettstein, Helv. Chim, Acta, 1953, 36, 398 
, Beaton, Spring, Stevenson, and Stewart, Chem. and Ind., 1955, 35. T, Conroy and Firestone, / 
timer. Chem. Soc., 1953, 75, 2530. U, Burnell and Taylor, /., 1955, 2054. V, Elderfield and Rothen, 
/. Biol. Chem., 1934, 106, 71. W, Braude and Timmons, /., 1955, 3766. X, Meinwald, Emerman, 
Yang, and Bichi, /. Amer. Chem. Soc., 1955, 77, 4401 Y, Asahina, Ishidate, and Tukamoto, Ber,, 
1036, 69, 355. Z, Nasini, Gazeetta, 1883, 18, 120. «a, Francesconi, R. Accad. naz. Lincei, 1903, V, 


12, ii, 204. B, Idem, ibid., p. 267 


cyclohexane, CHe cyclohexene, Cl chloro- 
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TABLE 5. cycloPent-3-enones. 


Compound Max. (my) Solvent Ref 
2:2:3: 4:5: 5-Hexachlorocyclopent-3-enone 318 f I. 
38-Acetoxyandrosta-5 : 14-dien-]7-one 285 a . 


Indan-2-one 298-—313° : l 
293-—316 1 


TABLE 6. cycloHex-3-enones. 
3-Meth yleyclohex-3-en-l-one 
2-Oxo-A®: !®-octalin 
#-Santonin 
178-Hydroxynorandrost-5(10)-en-3-one 


38-Methoxy-58-methy!-19-norcholest-9(10)-en-6-one 
2-Tetralone 


NS ee ee 


-~ 
= 
— 


TABLE 7. 3-Alkylidenecyclohexanones. 


4: 4-Dimethylcholest-5-en-3-one ¢ 293-—294 
2:2: 4: 4-Tetramethylcholest-5-en-3-one ¢ 290-300 
3B- Acetoxy-9f-ergosta-7 ; 22-dien-11l-one 205 
3B-Acetoxy-5a-hydroxy-9f-ergosta-7 : 22-dien-Il-one 293 
12-Oxotaraxeryl acetate 285 


TABLE 8. bicyclo{2 : 2 : 2\Octenones. 


7-Dichloromethyl-7-methyl-8-oxobicyclo[2 ; 2 ; 2)oct-5-ene 300-303 
2: 3-dicarboxylic anhydride (1) 
Dimethyl 7-dichloromethyl-7-methyl-8-oxobicyclo|2 : 2: 2 302 84 
oct-5-ene-2 : 3-dicarboxylate 
8-Allyl-1 ; 8-dimethyl-7-oxobicyclo[2 : 2: 2joct-5-ene-2 : 3 300 64 
dicarboxylic anhydride 
Tetracarboxylic acid (VIII; R = H) 206 350 
Tetramethyl ester (VIII; RK = Me) 207 306 
1: 2:3: 4-Tetrahydro-9-oxo-1 : 4-ethanonaphthalene-7 : 4 299° a4 
endodicarbox ylic anhydride (XII) (204° 340 
Dimethyl 1 : 2: 3: 4-tetrahydro-9-oxo-l ; d-ethanonaphth- 204-206 ° 505 
alene-2 : 3-endo-dicarboxylate (XIII; K Me) KS 


exo-Anhydride (XI) 207° 405 
(206° S80 
206° 400) 
206° 105 
; 208° 345 
Hydrate of diketone (XXIII) 310 170 
Dimethyl! 7-dichloromethyl-7-methyl-8-oxobicyclo|2 : 2: 2 298 —305 ° 200 
octa-2 : 5-diene-2 : 3-dicarboxylate (111) 
Dimethy] 5-dichloromethyl-5-methyl-6-oxobicyclo|2 : 2° 2 300—305 200 
oct-2-ene-2 ; 3-dicarboxylate (IV) 


exo-Ester (isomer of No. 50) 


TABLE 9. Miscellaneous. 


56 bicyclo[2 : 2: 1}-Hept-5-en-2-one (XX) 

57 Anhydrodihydrostrophanthidin 

58 Dianhydrodihydrostrophanthidin 

59 tert.-Butyl 2-meth yleyclohex-2-enyl ketone 
60 cycloHepta-3 : 5-dienone 

61 Santonide 

62 Parasantonide (XXII; X « O) 

63 Bromo-lactone ester (Il; R Me) 

64 Acetone 
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repulsion between axial methyl groups in the cholestenones (Nos. 39 and 40) may eliminat« 
interaction in these cases, 

The electronic factor appears to be such that, in ketones with the same mutual orient- 
ation of the olefinic and the carbonyl! group, electron release to the olefinic double bond 
increases the extinction coefficient. Thus the bicyclo[2:2:2)octenones with a tetra- 
substituted double bond (Nos. 47 and 48) show much more interaction than those with a 
disubstituted double bond (Nos, 44-46). That some interaction occurs even in the latter 
ketones is shown by the fall in extinction coefficient brought about by conversion of the 
adduct (i) (No. 44) into the bromo-lactone (IL; R = Me) (No. 63). In amidone hydro 
chloride (XXI; R = H) and its two analogues (XXI; RK = Me and OMe) the para- 
substituent in the phenyl group would be expected to affect only slightly the conformation 
of the molecule in solution, so that variation in the intensity of the carbonyl band must be 
mainly due to differences in electronic distribution. There is a singificant increase in 
extinction coefficient in the series (XXI; R =< H, Me, OMe) (Nos, 19, 21, and 22),* 

The epimeric santonides (Nos. 61 and 62) remain the outstanding examples of this kind 
of spectroscopic interaction. The structure of parasantonide has been revealed as (XXII; 
X = O) through the extraordinary insight of Woodward,'® who, with Kovach, pointed 
out that the unusual optical properties of the santonides must be associated with the particu- 
lar relation of the enol lactone to the carbonyl group. Examination of a model of para 
santonide (XXII; X < O) does indeed show that the electronic and steric factors are 
exceptionally favourable to the sort of interaction now under discussion. 

Substitution of electron-attracting and conjugating substituents on the double bond of 
Ineyclo|2 : 2: 2joctenone also causes an increase in ¢ (Nos. 53-55). The nature and con- 
figuration of substituents on the bridge have some influence on the intensity, but not on 
the wavelength, of the carbonyl band (Nos. 47—52). 

rhe absorption of acetone (No. 64) in cyclohexene is almost the same as in cyclohexane, 
no doubt because of the impiobability of the sufficiently close approach of a molecule of 
acetone to one of cyclohexene in the necessary arrangements for interaction. 

There are two alternative assignments of the transition responsible for most of the in- 
crease in intensity of the 200 mu band in the ketones showing strong interaction, which 


(XXII) (XXII) (XXIV) 


would be consistent with the stereospecificity of the interaction : the absorption might be 
mainly from charge transfer !? across space from the olefinic double bond to the carbony] 
group, or it might be due to the normal n — x transition of the isolated carbonyl group,’* 


9° 


* Some contribution to the absorption of the carbonyl band of the ether (XXI; RK = OMe) (No. 22) 
comes from the end-absorption of the p-methoxypheny! chromophore. A very approximate correction 
for the overlapping of the two bands, by subtraction of the absorption of methanolic p-methoxytoluene 
at 201 my from the maximum absorption of the compound (XXI; R = OMe), gives an estimate of 
€ 1150 for the contribution of the carbonyl band. 


'¢ Woodward and Kovach, J, Amer. Chem. Soc., 1950, 72, 1009; Woodward and Yates, Chem. and 
Ind., 1964, 1391 

1’ Mulliken, J. Amer. Chem. Soc,., 1952, 74, 811 and previous papers; Nagakura and Tanaka, / 
Chem. Phys., 1964, 22, 236; Nagakura, tbid., 1955, 23, 1441; see also Simonetta and Winstein, /. Amer 
Chem. Soc,, 19654, 76, 18 

‘© MeMurry, J. Chem. Phys., 1941, 9, 231 
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influenced by the adjacent x-electrons (or, of course, a combination of both transitions of 
equal energy). The insensitivity of the wavelength of the maximum to substitution on 
the double bond tells against the first alternative, and the known sensitivity of n —» r 
transitions to polar environments ™ inclines us to accept the second. 


TABLE 10. 
Compound (a) Solvent Ref 


3-Phen ylbutan-2-one 
2-Phenylcyclopentanone 
Deh ydrocamphor (X X1V) 
Santonide 


Parasantonide (XXII; X = O) ........ccccceeeseeeceees 
Parasantonide imide (XXII; X = 

Parasantonide acetimide (XXII; X = NAc) 
Parasantonide oximide (XXII; X = N-OH) 


Seo rr 
eet St oie 
WRAENNNRETO 


cece 


The maxima of phenylacetone (No. 5) and of l-phenylbutan-2-one (No. 6), both of which 
indicate moderate interaction, are shifted to slightly shorter wavelengths by change from 
cyclohexane to ethanol as solvent. The $-naphthol adduct (No, 52) shows a similar shift 
in passing from n-hexane to ethanol solution. Such a shift is characteristic of n —e x 
transitions in general,*° and of the normal carbony] band in particular.*# 

In conclusion we draw attention to the high optical activity (and rotatory dispersion) * 
of most asymmetric ketones that show the intense carbonyl band (Table 10). For para- 
santonide the same transition is undoubtedly involved in the 300 my absorption band in 
the ultraviolet spectrum and in the optically asymmetric band that has its centre at the 
same wavelength,™ and it is suggestive that the value of {«},, for derivatives of parasanto- 
nide (Table 10) seems to follow the electron-releasing capacity of X in formula (XXII). 


EXPERIMENTAL 


Addition of Maleic Anhydride to 6-Dichloromethyl-6-methyicyclchexa-2 : 4-dien-l-one.—The 
dienone, made from o-cresol according to von Auwers and Hessenland,” boiled at 126-—130° /20— 
25 mm. and melted at 32—-33°. The absorption spectrum of our sample (in EtOH, 2,,,, 303 mu, 
e 4000) differed widely from that reported by Dauben, Hance, and Hayes™ (A,,,, 200 muy, 
¢ 19,000). The lower figure for ¢ seems more likely to be correct since it approximates to values 
found for other cyclohexa-2 ; 4-dien-l-ones,®™ which uniformly have e,,,, about 4000-6000. 

The dienone (2-88 g.) and maleic anhydride (3-0 g.) were heated under nitrogen at 190--200° 
for l hr. The hard mass that resulted was extracted with boiling, dry ether (50 c.c.), which on 
cooling deposited 7-dichloromethyl-1-methyl-8-oxobicyclo[2 : 2: 2\oct-5-ene-2 ; 3-dicarboxylie an- 
hydride (1), m. p. 190-—191°, raised to 193-—194° by recrystallisation from dry ether containing 
a trace of acetic anhydride (yield 1-6 g.) (Found: C, 495; H, 3-7; Cl, 24:5. C,,H,,O,Cl, 
requires C, 49-8; H, 3-5; Cl, 246%). 

When a solution of the anhydride in boiling water was concentrated and cooled, the diacid 
crystallised in high yield (Found: C, 47-2; H, 3-7; Cl, 22-6. Cy,H,,O,Cl, requires C, 46-9; 
H, 3-9; Cl, 23-1%). The dimethyl ester, prepared with diazomethane, melted at 102—-103° 
after recrystallisation from methanol (Found: C, 60-3; H, 4:7; Cl, 21-2. C,gH,gO,Cl, requires 
C, 50-15; H, 48; Cl, 21-2%). 

7-Bromo-5-dichloromethyl-8-hydrosy-5-methyl-6-ox0-2 : 3-dicarboxylic 2-Acid 3. —8-Lactone (II; 


Parasantonide has {a} —35,000° at 275 mp and -+-32,000 at 321 my.™* 


Goodman and Shull, J. Chem. Phys., 1954, 22, 1138 

McConnell, thid., 1052, 20, 700. 

Rice, Proc, Roy. Soc., 1914, A, 91, 76; J. Amer. Chem. Soc,, 1920, 42, 727 

Mitchell and Schwarzwald, /., 1939, 889. 

Von Auwers and Hessenland, Ber., 1908, 41, 1805 

Dauben, Hance, and Hayes, J. Amer. Chem. Soc., 1955, 77, 4609 

** Amongst others: Wessely and Sinwell, Monatsh., 1960, 81, 1055; Wessely and Koltan, ibid, 
1953, 84, 291; especially la Lau, /., 1953, 3217, 
4u 
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it =~ H).--Saturated bromine water was dropped into a solution of the preceding diacid (0-5 g.) 
in water (100 ¢.c.) containing sodium hydrogen carbonate (1-5 g.) until the solution became 
yellow, After acidification with acetic acid white crystals (0-8 g.) of the bromo-lactone acid 
appeared; they had m. p. 257—260° (decomp,), raised to 262—-263° by two recrystallisations 
from methanol (Found; C, 37-5; H, 29; Cl + Br, 39-3. C,,H,,O,Cl,Br requires C, 37-4; 
H, 285; 2Cl + Br, 39-1%). 

The bromo-lactone methyl ester (Il; KK = Me), made with diazomethane, crystallised from 
methanol in needles, m. p. 255-—256° (Found; C, 39-3; H, 3-2; Cl + Br, 37-9. C,,H,,0,Cl,Br 
requires C, 39-0; H, 3-25; 2Ci + Br, 37-75%). 

Addition of Methyl Acetylenedicarboxylate to 6-Dichloromethyl-6-methyleyclohexa-2 : 4-dien 
|-one.-A mixture of the dienone (1-91 g.) and ester (3-0 g.) was heated under nitrogen at 190° 
for 1 br. A solution of the product in hot methanol (20 c.c.) deposited crystals (2-3 g.), m. p 
89-—90°, on cooling. Recrystallised twice from methanol the adduct, dimethyl 7-dichloromethyl 
7-methyl-#-oxobieyclo[2 : 2: 2\jocta-2 : 5-diene-2 : 3-dicarboxylate (111), melted at 95—96° (Found : 
C, 60-36; H, 4-0; Cl, 21-5. C,,H,,0,Cl, requires C, 50-6; H, 4-2; Cl, 21-3%). Light absorption 
max. in EtOH; 218 and 298-—306 my (e 4090 and 290), 

A solution of the adduct (1-0 g.) in ethanol (80 c.c.) containing Adams catalyst (0-15 g.) 
was shaken under hydrogen. After 1 mol. of hydrogen had been taken up at atmospheric 
pressure, absorption almost stopped. When the platinum had been removed and the solution 
concentrated, crystals melting at 80--81° were formed, After recrystallisation from methanol 
the dihydro-adduct (the bicyclooct-2-ene ester) (IV) melted at 82—-83° (Found: C, 50-35; 
H, 61, Cy,Hy.O,Cl, requires C, 50-15; H, 4-8%), and had ¢ 5550 at 210 mu. 

Reaction of Maleic Anhydride with Anethole.—A more reproducible and more easily controlled 
reaction occurred in ethyl acetate solution than in the absence of solvent, as described by 
ruckner and Kovacs. Anethole (10 g.), maleic anhydride (16-7 g.), dimethylaniline (0-3 c.c.), 
and ethyl acetate (20 ¢.c.) were boiled under reflux for 6 hr. Needles (91 g.) of the di-adduct 
(VI), m. p, 241--242°, crystallised from the cooled solution, This product was normally used 
directly for further transformations but could be recrystallised from acetone, and then melted 
at 247-—-249° (Found; C, 62-6; H, 4-6. Calc, for C,,H,,O,: C, 62-8; H, 47%). 

The adduct was converted as described by Bruckner and Kovacs ® into: the ‘ A’’-trimethyl 
ester, m. p, 179-—180°; “ B'’-tetramethyl ester (VII; R = Me), m. p. 208—210°; the keto- 
tetracarboxylic acid (VIII; R H), m. p. 260—262°; and the keto-ester (VIII; R Me), 
m, p. 154-—155° 

Pyrolysis of the Keto-Ester.—The keto-ester (VIII; R Me) (0-50 g.) was heated at 200 
210° for 24 hr. in a sublimation tube filled with nitrogen. The crystalline sublimate (91 mg.), 
melting at 97-—99°, recrystallised from methanol, to give dimethy! fumarate, m. p. and mixed 
m. p. 102—-103° (Found: C, 499; H, 5-5. Cale. for C,H,O,: C, 50-0; H, 5-6%). 

The residue in the sublimation tube was extracted with boiling methanol (10 c.c.), leaving 
an insoluble solid that consisted almost entirely of the unchanged keto-ester (VIII; R Me) 
The methanol extract was treated with excess of diazomethane in ether. After evaporation of 
solvents under reduced pressure the residue was chromatographed on silica gel. Benzene 
eluted dimethyl 1: 2:3: 4-tetrahydro-1-methoxy-3-methylnaphthalene-1 ; 2-dicarboxylate (IX), 
m. p. 71-—72°, unchanged by recrystallisation from ether (Found: C, 66-0; H, 7-1. C,H, O; 
requires C, 65-7; H, 69%). Light absorption: 2,,,, 282 my (¢ 2550). 

Preparation of Dimethyl 7-Methoxy-3-methylnaphthalene-1 : 2-dicarboxylate.—(a) A mixture 
of sulphur (0°35 g.) and the adduct (VI) (1-0 g.) was heated for 15 min. at 230-—235°, cooled, and 
extracted with boiling ethyl acetate. Yellow needles of the aromatic anhydride * separated 
from the cooled solution and melted at 215—217° after sublimation and two recrystallisations. 
Ihe anhydride was dissolved in boiling methanol, and excess of diazomethane in ether was added 
to the cooled solution, When most of the solvents had been evaporated the dimethyl ester (X) 
separated, melting at 115—-116° after crystallisation from methanol (Found; C, 66-3; H, 5-8 
Cy gH, ,O, requires C, 66-7; H, 56%). 

(b) The tetrahydro-compound (1X) (70 mg.) and sulphur (30 mg.) were heated at 230—235° 
for 15 min. Extraction with hot ethyl acetate and cooling gave needles melting at 115—116°, 
even after having been mixed with the naphthalene (X) made by method (a), The ultraviolet 
absorption curves of the two samples were identical: ),,,, 270-274 and 348—350 my (¢ 5500 
and 2600) 

Addition of Maleic Anhydride to §-Naphthol.—Q-Naphthol (10 g.) and maleic anhydride 
(6-8 @.) were heated at 210--220° (gentle boiling) for } hr. The crystals (8-6 g.) that separated 
from a slowly cooled solution of the product in the minimum quantity of hot ethyl acetate 
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(about 50 c.c.) melted at 155—165”, after sintering at 145°. Three recrystallisations from ethyl 
acetate gave pure 1: 2:3: 4-tetrahydro-9-oxo-1 : 4-ethanonaphthalene-2 ; 3-exodicarboxylic 
anhydride (XI) (1-5 g.), m. p. 193-—194°, 

Fractional crystallisation from the mother-liquors from ethyl acetate yielded the endo- 
anhydride (X11) (0-4 g.), m. p. 192—-193°. A mixture of the two stereoisomers melted at 152 
155°. 

Crystallisation of the separate anhydrides from water led to the two dicarboxylic acids, 
converted into the two dimethyl esters by diazomethane in methanol-ether: exo-ester, m. p. 
96-—97° (from methanol); endo-ester, m. p. 112—113° (from methanol). Of several methods of 
separating the endo- and exo-isomers that were tried much the best took advantage of the 
greater solubility of the endo- than of the exo-diacid in ether. 

Reduction of the exo-Diester.—When sodium borohydride (0-5 g.) was gradually added to a 
solution of the evo-diester (0-70 g.) in methanol (10 c.c.), a vigorous reaction took place. After 
2 hr. the mixture was diluted with water and extracted with chloroform, The oil (0-61 g.) 
that remained after evaporation of the chloroform layer crystallised from ethanol (m. p. 118 
120°), Recrystallisation from ethanol gave needles of dimethyl 1: 2: 3: 4-tetrahydro-9-endo- 
hydroxy-1 : 4-ethanonaphthalene-7 : 8-exo-dicarboxylate (XIV), m. p, 128° (Found: C, 66-3; 
H, 6-2. C,,H,,O, requires C, 66-2; H, 6:2%). 

Reduction of the endo-Diester.—The endo-ester (0-75 g.) was treated in the same way as the 
exo-ester, to produce methyl 2-endo-carboxy-1 : 2: 3: 4-tetrahydro-9-endo-hydroxy-1 ; 4-ethano- 
naphthalene-3-endo-carboxylate 2-»9-lactone (XV; K Me), m. p. 128-—129°, depressed to 
¥5-——97° when the sample was mixed with the product of reduction of the exo-ester (Found ; 
C, 69-75; H, 5&4. CysH,,O, requires C, 69-75; H, 55%). 

Reduction of the endo-Diacid,-—-Potassium borohydride (2-0 g.) was gradually added to a solu- 
tion of the endo-diacid (1-0 g.) in aqueous methanol. [wo hours later the resulting solution 
was just acidified with acetic acid, After removal of the solid that separated the filtrate was 
heated with a few drops of concentrated hydrochloric acid, Needle-shaped crystals (0:3 g.) 
appeared in the solution as it cooled. Recrystallised from aqueous methanol, the lactone-3-acid 
(XV; R H) melted at 198—-200° (Found; C, 689; H, 5-0. C,,H,,O, requires C, 68-85; 
H, 49%). 

Diazomethane in ether-methanol converted this lactone-acid into a lactone-ester, melting 
at 128° after recrystallisation from methanol, that did not depress the m. p. of the lactone-ester 
got by reduction of the endo-diester with sodium borohydride 

bicyclo(1 : 2: 2)Hept-6-en-4-one, prepared in Professor N, J. Toivonen’s laboratory,** was 
purified through the semicarbazone, m. p, 207-208’, then distilled in nitrogen, and finally 
purified by fractional fusion under nitrogen. It had m. p, 24—-25°, b. p. 61-8°/16-5 mm, 


We are most grateful to Professor Toivonen and Dr. Ourisson for communicating their 
results, and to Professor D. H. R. Barton, F.R.S., for his unfailing interest and encouragement. 
One of us (N. S. W.) is much indebted to the University of Travancore for study leave 


BirkBeck CoLtece, Lonpon, W.C.1. {Recewed, February 13th, 1956.) 
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448, Pyrimidine Reactions. Part I, Pyrimidines from 
Malondiamide. 


By D. J. Brown. 


The Kemfry-Hull synthesis of 4; 6-dihydroxypyrimidines from malondi- 
amides and esters is modified to permit inclusion of an alkylamino-group 
in position 6 or an alkyl group in position 2, Malondiamide is shown to self- 
condense in the presence of sodium ethoxide to give 2-carbamoylmethy]l- 
4: 6-cihydroxypyrimidine, Further, it reacts with other amides to give 
4: 6-dibydroxypyrimidine or its 2-alky!] derivatives. The conversion of one 
of the latter in several stages into 4: 5-diamino-2-n-butylpyrimidine is 
described, Some 4: 6-dihydroxypyrimidines are degraded readily to the 
corresponding malondiamides when boiled with damp piperidine. 


4; 6-Dinyproxyvyrimipines (IIT) have usually been synthesized by condensing malonic 
esters with an amidine,'»* often difficult of access. The reverse type of reaction between 
a malondiamide (I1) and an ester was first used by Remfry * to prepare indirectly 2 : 5- 
dialkyl-4 : 6-dihydroxypyrimidines, ¢g., (III; R= Me; R’ = Pr), and in Hull's 
synthesis * of 4: 6-dihydroxypyrimidine and its 5-ethyl and 5-phenyl derivatives. The 
synthesis is now extended to 5-alkylamino- or 2-alkyl derivatives. Such a group in the 
5-position cannot be otherwise readily introduced. 

!hus a-bromomalondiamide® (II; R’ = Br) was converted into a-methylamino- 
malondiamide, and this cyclised with ethyl formate to 4 : 6-dihydroxy-5-methylamino- 
pyrimidine, Further, malondiamide reacted with ethyl m-butyrate or valerate (I; 
Kk = Bu", X = OEt) to give respectively 4; 6-dihydroxy-2-n-propylpyrimidine and the 
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n-butyl homologue (II1; R = Bu®, R’ =H). The latter was nitrated in the 5-position, 
and phosphoryl chloride then gave 2-n-butyl-4 ; 6-dichloro-5-nitropyrimidine. Mono- 
amination thereof produced 4-amino-2-n-butyl-6-chloro-5-nitropyrimidine, which with 
sodium hydrogen sulphide gave 4: 5-diamino-2-n-butyl-6-mercaptopyrimidine. Raney- 
nickel desulphurization led to 4: 5-diamino-2-n-butylpyrimidine, which was of use in 
pteridine and purine syntheses. 

In the reaction of malondiamide with esters less reactive than ethyl formate, a second 
product was isolated. It proved to be 2-carbamoylmethyl-4 : 6-dihydroxypyrimidine 
(111; KR = CH,yCONH,, R’ =H) formed by self-condensation of malondiamide 
(1; R «= CH,CO-NH,, X = NH,) + (II; R’ =H). The same product was formed 
without ester present. It was identified with authentic material. A logical extension 
of this reaction was condensation of malondiamide with other amides. Thus, for example, 
replacement of ethyl formate with formamide in Hull's synthesis improved the yield of 
4: 6-dihydroxypyrimidine, and gave comparable results with the 5-methylamino-derivative. 
Propionamide likewise gave the compound (IIIT; R = Et, R’ = H) from malondiamide. 
This formally constitutes a new pyrimidine synthesis. 

Unlike the isomeric uracils, 4 : 6-dihydroxypyrimidines are unstable to alkali: with 


' Kenner, Lythgoe, Todd, and Topham, /., 1943, 388 

* Dox and Yoder, J Amer, Chem. Soc., 1922, 44, 361 

* Remfry, /., 1911, 99, 610 

‘ Hull, J., 1961, 2214. 

* Hackes, West, and Whiteley, J., 1921, 119, 359 

* McElvain and Tate, ]. Amer. Chem, Soc., 1961, 78, 2760. 
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boiling aqueous sodium hydroxide the parent substance gives ammonia and even potentio- 
metric titration with alkali does not give self-consistent results in the alkaline region of 
the curve.’ This behaviour is clarified by the action of piperidine on these pyrimidines, 
When 5-bromo-4 : 6-dihydroxypyrimidine * was boiled with damp piperidine, not the 
5-piperidino-derivative, but «-piperidinomalondiamide was formed, It was identified by 
synthesis from a-bromomalondiamide. Similarly, piperidine and 4: 6-dihydroxypyr- 
imidine produced malondiamide. 


EXPERIMENTAL 

Analyses were done by Mr. P. R. W. Baker, Wellcome Research Laboratories, Beckenham, 

a-Methylarninomalondiamide.—a-Bromomalondiamide * (30 g.) was added during 10 min. 
to ethanolic tnethylamine (33% w/w; 300 ml.), the whole being ground in a mortar. Aiter 
a further 30 min. the product was recrystallised from 0.2%, ethanolic methylamine (120 parts), 
giving «-methylaminomalondiamide (23-2 g.), m. p. 200—-201° (Found: N, 31-956. C,H,O,N, 
requires N, 32-05%). 

4 : 6-Dihydroxy-5-methylaminopyrimidine.-a-Methylaminomalondiamide (13 g.), sodium 
ethoxide solution (sodium, 4-7 g.; ethanol, 150 ml.), and ethyl formate (12-5 ml.) were refluxed 
for 2hr, The residue obtained on removal of ethanol im vacuo was dissolved in water (30 mi.) 
and brought to pH 5. Recrystallisation from water (60 ml.) gave 4: 6-dihydroxy-5-methyl- 
aminopyrimidine (8-4 g.), m. p. 240° (decomp.) (Found: C, 42-5; H, 49; N, 30:0. CysH,O,N, 
requires C, 42-55; H, 56-0; N, 20-8%). When formamide replaced ester, the yield was 5-2 g. 

2-n-Butyl-4 ; 6-dihydroxypyrimidine.—Malondiamide (184 g.), sodium ethoxide solution 
(sodium, 83 g.; ethanol, 2700 ml.), and ethyl m-valerate (410 ml.) were refluxed with stirring 
for 2 hr. After cooling overnight, the solid was filtered off (see below), The filtrate was 
evaporated in vacuo and the residue in water (450 ml.) brought to pH 25. The precipitate 
was recrystallised from ethanol (150 parts) to give needles (21 g.) of 2-n-butyl-4: 6-di- 
hydvoxypyrimidine, m. p. 300° (decomp.) (Found: C, 57-2; H, 7:3; N, 166, CgHyyO N, 
requires C, 57-1; H, 7-2; N, 16-65%). 

4: 6-Dihydroxy-2-n-propylpyrimidine.—-Prepared with ethyl n-butyrate as above and re- 
crystallised from ethanol (135 parts), the propy! homologue formed needles, m. p. 206° (decomp.) 
(Found : C, 54-95; H, 63; N, 18-4. C,H,,O,N, requires C, 54-55; H, 6-5; N, 182%) 

2-Carbamoylmethyl-4 : 6-dihydroxypyrimidine.—The sodium salt (see butyl compound 
above) in water (600 ml.) was brought to pH 2—3. Refrigeration and recrystallisation from 
water (30 parts) gave the amide (39 g.) as prisms, decomp, >200° (Found: C, 42-6; H, 42; 
N, 24-9. Calc, for C,H,O,N,: C, 42:6; H, 42; N, 24-85%). It was identical (infrared 
spectrum and chromatography) with authentic material. When malondiamide (30-6 g.) was 
refluxed with sodium ethoxide solution (sodium, 13-8 g.), the same compound (8-2 g.) resulted. 

2-n-Butyl-4 : 6-dihydroxy-5-nitropyrimidine.—2-n-Butyl|-4 : 6-dihydroxypyrimidine (9-6 g.) 
was added during 15 min. with stirring to nitric acid (d 1-5; 12 ml.) and acetic acid (30 mi.) at 
40-—-560°. After a further 30 min. the whole was added to ice and water (80 ml.), and the product 
(6-1 g.) recrystallised from ethanol (90 parts) giving colourless laths of nifro-compound, m. p. 
265° (decomp.) (Found: C, 45-4; H, 485; N, 19-7. CyH,,O,N, requires C, 45:1; H, 5-2; 
N, 19-7%). 

2-n-Butyl-4 : 6-dichloro-5-nitropyrimidine.—The above (4-25 g.), phosphoryl! chloride (22 ml.), 
and diethylaniline (5-6 ml.) were refluxed for 1 hr. After removal of phosphoryl chloride 
(15 ml.) the residue was stirred with ice for 20 min. and extracted with ether (3 x 50 ml.) 
Evaporation and distillation gave dichloro-compound (3-8 g.) as a yellow oil, b. p. 142-—143°/17 
mm. (Found; C, 38-8; H, 3-6; Cl, 28-35. C,H,O,N,Cl, requires C, 38-4; H, 3-6; Cl, 28-36%). 

4-Amino-2-n-butyl-6-chloro-6-nitropyrimidine.—-Methanolic ammonia (10% w/v; 3 ml.) was 
added during | hr. with stirring to the dichloro-compound (2-5 g.) in ether (30 ml), After a 
further 1 hr, the solid was filtered off and washed with hot ethyl acetate (10 ml.). The residue 
obtained on vacuum-evaporation of both filtrates was recrystallised from benzene (15 ml.) and 
after concentration gave colourless amine (1-6 g.), m. p. 132° (Pound: C, 42:15; H, 4-0; N, 24-3 
C,H,,0O,N,Cl requires C, 41-7; H, 4-8; N, 243%). 

4 : 5-Diamino-2-n-butyl-6-mercaptopyrimidine.The above amine (1 g.) was heated at 95° 
for 1-5 hr. with aqueous 1-25m-sodium hydrogen sulphide (20 ml.). Adjustment to pH 5 and 
extraction of the cake with boiling water (60 ml.) gave a solid (0-6 g.; m. p, 184°) which from 

’ Albert and foo, me /., 1956, 1204 

* Chesterfield, McOmie, and Sayer, J., 1955, 3478 
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water formed needles of the mercapto-compound, m. p. 186-—-187° (Found: N, 28-5; S, 16-0. 
C,H,,N,5 requires N, 28-3; S, 16-15%). 

4: 5-Diamino-2-n-butylpyrimidine._-The above mercapto-derivative (1-5 g.) in hot aqueous 
1-5y-ammonia (55 ml.) was vigorously refluxed with Raney nickel (ca. 6 g. wet) for Lhr. The 
filtered solution was evaporated in vacuo, giving in 87% yield a material of m. p. 115°. Re- 
crystallised from benzene it formed needles which obstinately retained solvent. Sublimation 
(105°/0-001 mm.) gave the diamine, m. p. 121—122° (Found: N, 33-8, C,H,,N, requires 
N, 33-7%) 

4: 6-Dihydroxypyrimidine.-When this was prepared from malondiamide (10-2 g.) as in 
Hull's synthesis,* but with formamide (6-5 ml.) replacing ethy] formate, the yield was 5-8 g. 
(cf. 45 g.). It was identified by conversion into 4: 6-dichloropyrimidine and 5-bromo-4 : 6- 
dihydroxypyrimidine.® 

2-Lthyl-4 : 6-dihydroxypyrimidine.--Malondiamide (20-4 g.), propionamide (22 g.), and 
sodium ethoxide (sodium, 9-2 g.) treated as for the n-butyl homologue gave 2-carbamoylmethyl- 
and 2-ethyl-4 : 6-dihydroxypyrimidine (2-8 and 1-55 g. respectively). The latter recrystallised 
from water (40 parts) as plates, m. p. 294° (decomp.) (Found: C, 51-1; H, 5-5; N, 20-4. 
C,H,O,N, requires C, 61-4; H, 5-7; N, 20-0%). 

a-Piperidinomalondiamide.—(a) 5-Bromo-4 ; 6-dihydroxypyrimidine (1 g.) was refluxed 
(oil-bath) with damp piperidine (2-5 ml.) for 2 hr. The solid (0-5 g.; m. p. 255°) formed on 
addition of water (5 ml.) was recrystallised from water (160 parts), giving a-piperidinomalondi- 
amide, m, p. 267° (Found; C, 62-05; H, 7-85; N, 23-0. C,H,,O,N, requires C, 61-9; H, 8-15; 
N, 22-7%). (b) a-Bromomalondiamide® (1 g.) was heated at 100° with piperidine (5 ml.). 
The mixture was dissolved in boiling water (120 ml.); the product (0-8 g.; m. p. 257°) 
crystallised. 

Malondiamide from 4: 6-Dihydroxypyrimidine.-The pyrimidine (2 g.), piperidine (5 ml.), 
and water (0-3 ml.) were refluxed for 2hr. The solid was washed with ethanol and recrystallised 
from methanol (40 ml.), giving, after concentration, plates (0-75 g.) of m. p. 168—171°, un- 
depressed by authentic malondiamide. 


| thank Dr. S. M. McElvain (University of Wisconsin) for a specimen of 2-carbamoyl 
methyl-4 : 6-dihydroxypyrimidine, Professor Adrien Albert for kind consultation, and Mr. 
J. Harper for invaluable technical help. 
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449. Caulosapogenin and its Identity with Hederagenin. 
By J. McSuerrerty and J. B. STENLAKE. 


Caulosapogenin, the sapogenin obtainable by hydrolysis of an ethanolic 
extract from the roots and rhizomes of Caulophyllum thalictroides Linn, 
Michaux (Berberidaceae), and from the flowering branches of Clematis vitalba, 
Linn, (Ranunculaceae), is shown to have the formula C,,H,,O, and not 
CggHggO, a8 Suggested by Power and Salway.' Caulosapogenin is identical 
with hederagenin, 


CAULOSAPOGENIN was first obtained by Power and Salway ! from the roots and rhizomes 
of Caulophyllum thalictroides, Linn. Michaux (Berberidaceae), by acid hydrolysis of an 
aqueous-ethanolic solution of the constituent saponin, caulosaponin, which previously had 
been known as leontin.? I* was also isolated in the following year by Tutin and Clewer ® in 
a somewhat similar manner from the flowering branches of Clematis vitalba, Linn. (Ranun 
culaceae), the well-known ‘Traveller's Joy "’ or “ Old Man's Beard.’"’ Power and Salway 
assigned to caulosapogenin the molecular formula Cy.H,,O,, based upon elementary analysis 
and molecular-weight determination of the sapogenin and a number of its derivatives, of 
' Power and Salway, /., 1913, 108, 191 


* Lloyd, Proc, Amer. Pharm, Assoc., 1887, 151. 
' Tutin and Clewer, /., 1914, 106, 1845 
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which a di- and a tetra-acetate, a di- and a tetra-benzoate, and a methyl ether were des- 
cribed. Some doubt as to the correctness of this formulation was expressed by Tutin and 
Clewer * based on their analytical data for the so-called methyl ether and its benzoate. This 
is discussed more fully below. 

Our interest in C. thalictroides arose through the identification of hederagenin as the 
sapogenin present in a closely related species, Leontice leontopetalum, Linn. (Berberidaceae).* 
Hederagenin has also been identified in the Clematis species Clematis paniculata.® Con- 
sideration of the analytical data given by Power and Salway for caulosapogenin suggested 
that it could in fact be formulated as a triterpenoid CypH,,O, and the present investigation 
was undertaken to examine this hypothesis. 

An authentic sample of Caulophyllum, B.P.C. 1934, consisting of the roots and rhizomes 
of C. thalictroides, was extracted with hot ethanol and the crude saponins were precipitated 
by ether. Recrystallisation of a small fraction gave caulosaponin as a white crystalline 
powder as described by Power and Salway. No attempt was made to fractionate the bulk 
of the crude saponins; instead, they were hydrolysed directly to a colourless crystalline 
sapogenin, CygH,,O,, identical with an authentic sample of hederagenin. The presence 
of two hydroxy! groups was established by conversion into a diacetate identical with hedera- 
genin diacetate, and by formation of an tsopropylidene derivative from the corresponding 
methyl ester. The sapogenin gave a yellow colour with tetranitromethane, and an ultra- 
violet absorption maximum at 210 my (e 2860), as for hederagenin, confirmed the presence 
of a trisubstituted double bond. Presence of the carboxyl group was proved by the form- 
ation of a sodium salt and methyl ester, the latter identical with hederagenin methyl ester. 

Power and Salway also reported the isolation of a second saponin, caulophyllosaponin, 
from Caulophyllum thalictroides, which on hydrolysis yielded a second sapogenin, caulo- 
phyllosapogenin, CysH,gO,. Careful examination of the mother-liquors remaining after 
the separation of hederagenin in the present experiments failed to reveal a second sapo- 
genin. 
Identification of caulosapogenin as hederagenin establishes the identity of most of the 
derivatives, which were described by Power and Salway, and by Tutin and Clewer. Caulo 
sapogenin tetrabenzoate from its melting point and analysis must be regarded as almost 
certainly hederagenin dibenzoate. On the other hand, the so-called caulosapogenin tetra- 
acetate, described as an amorphous solid of m. p. 120°, bears no relation to either the di- 
or the mono-acetate of hederagenin, whilst caulosapogenin diacetate, although described 
as having m. p, 160-—-162° and phenolic properties, is readily identifiable as hederagenin 
diacetate (m. p. 173—174°). The phenolic properties ascribed to this compound were 
based solely on the formation of a sodium salt, the analytical figures of which, like those of 
the parent diacetate, are in excellent agreement with the calculated figures for the corre 
sponding hederagenin derivatives. The melting-point anomaly is explained by Jacobs's 
observation ® that hederagenin diacetate sintered to a vitreous mass at 156-—159°, but did 
not melt completely until 170-—175°, as we have ourselves observed. Similarly the method 
of preparation, the description, and the accompanying analytical data for caulosapogenin 
methyl ether and its benzoate leave no doubt that these were in fact hederagenin methyl 
ester and its benzoate. 

EXPERIMENTA! 


Rotations were determined in 95% EtOH (unless otherwise stated) inal dm, tube, Ultra 
violet absorption spectra were determined in absolute EtOH on a Hilger Uvispek photoelectric 
spectrophotometer. We are indebted to Mr. W. McCorkindale and Dr, A. C. Syme for the 
microanalyses, and to Mr. W. Gardiner for technica! assistance 

Material.—This was authentic Caulophyllum (8.P.C, 1934) obtained through the usual 
commercial channels, and consisting of the dried rhizomes and roots of Caulophyllum thalictroides 
(Linn.) Mich. (Berberidaceae), 

Isolation of the Crude Saponins.—The drug (350 g.) in No. 80 powder was exhausted by boiling 
absolute ethanol (21.), The ethanol extract was filtered, and the saponin precipitated from the 


* Unpublished work 
* Ishiwatari, Nakano, and ew Pharm. Soc. Japan, 1944, GA, 34 
* Jacobs, J]. Biol. Chem., 1925, 63, 62 
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cold solution as a sticky mass by ether. The product, recrystallised from ethanol, gave the 
crude saponin (82 g.) as a light tan powder, m. p. 191—196° (decomp.). Treatment of the 
filtrate with ether as before yielded a further 3 g. of crude saponin, m. p. 190—198° (decomp.). 
Kecrystallisation from absolute ethanol gave caulosaponin, m. p. 254-—255°. Power and Salway 
gave m. p. 260-—-2566° for caulosaponin. 

Hydrolysis of Crude Saponin,—-(a) Crude saponin (10 g.) was heated with ethanol (200 ml.) 
and dilute hydrochloric acid (60 ml.) under reflux for 56 hr. The gelatinous precipitate which 
first separated gradually crystallised, and was separated after cooling. Recrystallisation from 
absolute ethanol (charcoal) gave crystals, m. p. 332—333° (slight sintering at 319°) (c,,,, 2860 
at 210 my), (a)? + 78° (c 0-10), (a)? + 79° (c 0-10 in pyridine) {Jacobs * gives m. p. 332--334°, 
{a}, + 81° (¢ 2-009 in pyridine)}, for hederagenin. Mixed m. p. of sapogenin with authentic 
hederagenin, 332—333° (Found: C, 76-3; H, 103%; equiv., 474-9. Calc. for C,,H,,0O, : 
C, 76-2; H, 10-2%; equiv., 472-7). Power and Salway found for caulosapogenin, m. p. 315° 
(decomp.), C, 75-7 and H, 101%. Tutin and Clewer* found for caulosapogenin, m. p. 323°, 
C, 76-6 and H, 10-2%,. 

(b) Crude sapogenin (6-22 g.) from 578 g. of root yielded, after two recrystallisations, hedera- 
genin (5-808 g., 93-4%,), m. p. 333-—333-5°. 

Derivatives,-The sapogenin (0-5 g.), refluxed with acetic anhydride (5 ml.) for 1 hr,, gave 
sapogenin diacetate (from 1; 1 aqueous ethanol), m. p. 173—174° (sintering at 157—159°), 
[a|® + 64° (c¢ 0-312) {Jacobs* gives for hederagenin diacetate, m. p. 172—-174°, [a], 464° 
(c 1-0)}, mixed m., p, with hederagenin diacetate, 172—-174° [Found : C, 73-6; H, 9-6%; equiv. 
(by hydrolysis), 553, Calc, for Cy,H,O,: C, 73-3; H, 9-4%.: equiv., 556-7). Power and 
Salway found for caulosapogenin diacetate, m. p. 160-——162°, C, 73-4 and H, 9-4%; Tutin and 
Clewer found for the sodium salt, Na, 3-7% (Calc. for C,,H,,O,Na: Na, 3-9%). 

The sapogenin (1 g.), refluxed with benzoyl chloride in pyridine, gave sapogenin dibenzoate, 
m. p. 200-—201°, (a)? +4-114° (c¢ 0-112 in CHCI,) (Jacobs * gives for hederagenin dibenzoate, 
m, p. 200—291°), mixed m. p. with hederagenin dibenzoate, 200-—291° (Found: C, 77-4; 
H, 8&4. Cale. for CyH,ygO,: C, 77-6; H, 83%). Power and Salway found for caulosapogenin 
tetgabenzoate, m, p. 288°, [a], 4-111° (in CHCI,), C, 77-3, and H, 79%). Tutin and Clewer 
found for caulosapogenin tetrabenzoate, m. p, 282°, C, 77-4, and H, 83%. 

The sapogenin (1-005 g.) with excess of diazomethane gave the methyl ester, m. p. 236-——237° 
(from aqueous ethanol, 1; 1), (a)? + 76° (c 0-498 in CHCI,) {Jacobs * gave for hederagenin 
methyl ester, m. p. 238-—-240°, (a)? +4-76° (in CHCI,)}, mixed m. p. with hederagenin methy! 
ester, 236-—236-6° (Found; C, 759; H, 10-5, Cale. for C,,H,,O,: C, 76-9; H, 10-6; OMe, 
64%). Power and Salway found for caulosapogenin methyl “ ether,’’ m, p. 235°, [aj +-74-4° 
(in CHCl), C, 75-2, H, 10:3, and OMe, 5-5%. Tutin and Clewer found (from Caulophyllum 
thalictroides), m. p, 229°, C, 76-56, H, 10-5, and OMe, 7-5%, and (from Clematis vitalba), m. p. 
229°, [a], +-73-3°, C, 76-5, H, 10-5, and OMe, 7-8%. 

The methyl ester (287 mg.), refluxed with acetic anhydride (5 ml.), yielded the methy] ester 
diacetate as needles, m. p. 192—193°, (a)? + 63° (c 0-564) {Van der Haar’ gives for hederagenin 
methyl! ester diacetate, m. p. 193°, [a], + 62° (in EtOH)}, mixed m. p. with hederagenin methyl 
ester diacetate, 192-—-193° (Found: C, 74-0; H, 97. Cale. for C,,H,,O,: C, 73-6; H, 9-5%). 

A solution of the methyl ester (300 mg.) in acetone (4 ml.) with 2 drops of concentrated 
hydrochloric acid slowly deposited platelets of the acetonyl sapogenin methyl ester, m. p. 250— 
261° (from absolute ethanol) alone or mixed with tsopropylidenehederagenin methy] ester (Found : 
C, 77-6; H, 103. Cale, for CyH,,O,; C, 77-5; H, 103%). 

Tutin and Clewer * found m, p. 187-—-188°, C, 77-8, H, 8-6, and Bz (hydrolysis) for caulosapo- 
genin methyl ‘ ether ’’ benzoate, 311% (calc. for hederagenin methyl ester dibenzoate : C, 77-5; 
H, 84; Bz, 27-9%). 


We thank Professor D. H. R. Barton for assisting us to obtain a sample of hederagenin, 
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450. The Soluble Polyglucose of Sweet Corn (Zea Mays). 
By STANLEY Peat, W. J. WHELAN, and J. R. Turvey. 


The two water-soluble polyglucoses of sweet corn (var. Golden Bantam) 
have now been investigated. The view cannot be substantiated that these 
amylaceous polysaccharides (which are separated by their relative solu- 
bilities in 67% acetic acid) are structurally different. Evidence is given 
which shows each to have the characteristics of a glycogen rather than of a 
starch. Further, their properties are consistent with the view that 67% 
acetic acid effects an arbitraty fractionation of a polymer-homologous series 
of glycogen-type molecules for which it is proposed that the name “ phyto 
glycogen "’ be reserved. 

It is demonstrated that extensive amylolytic degradation occurs during 
the aqueous extraction of the grain and that when enzyme action is inhibited 
by Hg** during extraction no degradation products of starch or glycogen 
are found. 


Tue older literature contains many references to the presence in starch-bearing plants of 
water-soluble, iodine-staining polysaccharides (“ dextrins "’) which were assumed to be 
amylolytic degradation products of granular starch. Zea mays (sweet corn) has a relatively 
high proportion of such water-soluble polysaccharides and Parker? suggested that these 
“ dextrins ’ constitute the units from which the starch grains of maize are synthesised. 
The evidence of Morris and Morris *# showed, however, that the water-soluble polysaccharide 
of the seeds of Zea mays (var. Golden Bantam) is more closely related to animal glycogen 
than to starch or the starch dextrins. Repeating this work, with some modifications of 
extraction procedure, Hassid and McCready * reported the presence of two water-soluble, 
amylaceous polysaccharides in sweet corn which were separable by their relative 
solubilities in 67% acetic acid. The fraction which was precipitated by this reagent and 
had been discarded by Morris and Morris * was described as a “ soluble starch ” since it 
gave a blue stain with iodine and had a basal-chain length * of 25 glucose units (methylation 
assay). The fraction soluble in 67% acetic acid, corresponding to the glycogen of Morris 
and Morris, had the same basal-chain length as had animal glycogen, namely, 12 glucose 
units. Sumner and Somers ° also isolated two water-soluble polysaccharides from sweet 
corn, namely, “ glycoamylase ” (Hassid’s soluble starch) and ‘ phytoglycogen ’’ (Morris’ 
glycogen). Glycoamylose appeared to be distinguished from granular maize starch and 
animal glycogen by the faint blue colour it gave with iodine, although Cameron ® observed 
both red and blue particles in iodine-stained glycoamylose. Dvonch and Whistler ’ 
showed, in contrast to Hassid and McCready, that giycoamylose and photoglycogen had 
almost the same basal-chain length, viz., 12 and 11 units respectively. There is thus an 
indication that both maize polysaccharides have glycogen-like structures. 

It appeared possible that the water-soluble polysaccharides of sweet corn might 
represent intermediates in the starch metabolic cycle but to examine this question it was 
first necessary to ensure that no enzymic degradation occurred during the extraction of the 
various carbohydrate fractions. It being established that 0-01N-mercuric chloride inhibited 
all the carbohydrases likely to cause autolytic changes in the carbohydrates of maize, a 
comparison was instituted between the products extracted from sweet corn in the presence 
and absence of mercuric ions. The lengthy extraction procedure was essentially that of 
Hassid and McCready.* For comparison, the glycogen of immature sweet corn was 
prepared by the method of Meyer and Fuld.* 

There is reason to believe (see below) that amylose is not a significant constituent of 

' Parker, Plant Physiol., 1935, 10, 713 

* Morris and Morris, J. Biol. Chem., 1939, 180, 535 

* Hassid and McCready, J. Amer. Chem. Soc., 1941, 68, 1632 

* Peat, Whelan, and Edwards, J., 1955, 355 

* Sumner and Somers, Arch. Brochem., 1944, 4, 7 

* Cameron, Genetics, 1947, 32, 459. 


Dvonch and Whistler, J. Biol. Chem., 1949, 181, 889 
Meyer and Fuld, Helv. Chim. Acta, 1949, 82, 757 
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either of the water-soluble polysaccharides from the mature grain and that the names 
‘soluble starch’ or “‘glycoamylose "’ are misleading. For convenience of reference, we 
propose in this paper to name the soluble polysaccharides, phytoglycogen-A and -B, the 
former being insoluble and the latter soluble in 67% acetic acid. The phytoglycogens, 
isolated as described, were freed from protein by Sevag’s method * and from phytin (in 
phytoglycogen-B) by precipitation with methanol from the acidified solution, Table 1 
records the properties of the polysaccharides of Zea mays. 


TABLE 1. Properties of the polysaccharides from sweet corn. 


From 
immature 


From mature grain * 
on 


Phytoglycogen-A Phytoglycogen-B Granular starch grain.t 
Polysaccharide — , p= ns po ~~ Phyto 
Method of extraction +Hg'* H,0 +Hg** H,0 ’ H,0-— glycogen-A 
Crude yield (g./100 g. of seed) 41 lhl 33 3-9 22. 
Carbohydrate (%) after puri- 
fi 
lysis f 5 94-7 93°8 
Blue value .. , , 0-008 0-010 
Jasal-chain length 2 , 58 
Conversion (%,) by 
(i) B-amylase 2 19 
(ii) B-amylase + R-enzyme.., 5: 2 44 
Relative mol, wt 
(ultracentrifuge) 3 2 0-06 


* Hassid and McCready’s procedure.* ft Meyer and Fuld’s procedure.* 


The much greater yield of phytoglycogen-A when extracted in the presence of mercuric 
chloride shows this fraction to be enzymically degraded during water-extraction to products 
which were then soluble in 67%, acetic acid. Further evidence of enzymic degradation 
came from an examination of the extracted sugars. The sugar yields in the presence and 
absence of mercuric ion were respectively 12-9 and 73-5 g. from 400 g. of seed. When the 
enzyme-inhibitor was present, the sugars, separated by chromatography on charcoal,!” 
were identified as glucose, fructose, sucrose, and raffinose. Except for a trace of maltose, 
amylolytic degradation products of starch were not found. When, however, no mercuric 
ions were present the sugar fraction contained glucose, fructose, and, significantly, maltose, 
maltotriose, and higher maltodextrins, but no sucrose or raffinose. It appeared from 
chromatographic data that maltulose was also present and further work on this aspect 
is proceeding. The smaller yield of phytoglycogen-A when the extraction was by water 
alone is reflected in the lower value of its average basal-chain length, as determined by 
periodate oxidation, This suggests partial degradation by @- and/or «-amylase, during 
extraction, a view confirmed by the observation that water-extracted phytoglycogens 
were hydrolysed to the extent of only 18—30°, by crystalline §-amylase whereas values 
of 40-50% were obtained with (Hg**) extracts. Enzymic degradation during extraction 
may account for the low #-amylolysis limit (20%) of maize glycogen reported by Morris." 

toth a and $-amylase, as well as phosphorylase and glucose-1 phosphatase, were shown 
to be present in an aqueous extract of immature sweet corn. The a-amylase was detected 
by the Wijsman agar plate technique ' and by the fact that the extract partly hydrolysed 
amylose glycollate, a substrate which resists (§-amylelysis almost completely.“ 
sernstein ™ failed, however, to find a-amylase in developing maize endosperm. A consider- 
ation of the isolation procedures used by the various investigators of the phytoglycogens 
suggests that enzymically degraded products would only result from application of the 
methods of Morris and Morris,? and Hassid and McCready.* Other workers have either 


vevag, Biochem. Z., 1934, 278, 419 
Whistler and Durso, J. Amer. Chem. Soc., 1950, 72, 677; Whelan, Bailey, and Roberts, /., 1953, 


Morris, / Biol. Chem., 1044, 154, 503 

Wijsman, Kec, Trav. chim., 1890, 9, 1 

leat, Bourne, and Thrower, Nature, 1947, 169, 810. 
Hernstein, Amer. ], Bot., 1043, 30, 517 
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extracted the ground seed with dilute trichloroacetic acid ®’ or have added the acid to 
an extract prepared by rapid maceration of the seeds in water.* 

It has been noted that 67% acetic acid, even at 0°, effects some hydrolysis of the 
polysaccharide. The extent of acid degradation in 18 hours (the usual period of contact) 
is not, however, significant. 

The Phytoglycogens.—Table 1 shows that’ in basal-chain length, 6-amylolysis limit, 
and iodine-stain, undegraded phytoglycogen-A and -B are more closely related in structure 
to animal- or yeast-glycogen than to amylopectin. We are in agreement with Dvonch 
and Whistler,? but not with Hassid and McCready,’ as to the basal-chain length of 
phytoglycogen-A. Professor Hassid kindly supplied us with Golden Bantam seed of the 
type he had used and the basal-chain lengths of the “A and “ B”’ fractions, isolated in 
the presence of mercuric ions, were found to be 11 and 9, respectively, agreeing with our 
previous results (Table 1). Meyer and Fuld * have obtained phytoglycogen from immature 
sweet corn and, finding the basal-chain length of the unfractionated material to be 10, 
inferred that the immature corn contained only Hassid’s ‘‘ glycogen "’ (basal-chain length 12) 
and not the “ soluble starch "’ (basal-chain length 25). We have repeated this work and 
agree with Meyer's estimate of the basal-chain length (Table 1). We also agree that the 
phytoglycogen from immature grain is not the usual mixture of A and B fractions, its 
complete insolubility in 67% acetic acid showing it to be phytoglycogen-A, which corre- 
sponds to the “ soluble starch ” fraction of Hassid and McCready. 

The similarity of undegraded phytoglycogen-A and -B to animal glycogen is further 
emphasised by their behaviour with R-enzyme. This enzyme, which readily debranches 
amylopectin, is without action on either animal glycogen '° or phytoglycogen, as is shown 
by the insignificant increase in the $-amylolysis limit after treatment with R-enzyme. 
On the other hand, the water-extracted, and therefore amylolytically degraded, phyto- 
glycogen-B was substantially debranched by R-enzyme (Table 1) and it is known that 
rabbit-liver glycogen is attacked by R-enzyme only after fragmentation of the molecule 
by aamylase.!* A possible explanation is given later of the fact that water-extracted 
phytoglycogen-A is not attacked by R-enzyme. 

Their properties show that there is no marked structural difference between phytogly- 
cogen-A and -B and the evidence is consistent with the view that 67%, acetic acid merely 
effects a more or less arbitrary fractionation of a polymer-homologous series of highly 
ramified molecules of glycogen type. (It will be shown in a later paper that the branch 
linkages in each phytoglycogen have the usual «-1 : 6-configuration.) A systematic 
fractionation was therefore carried out by the stepwise addition of acetic acid to an aqueous 
solution of a mixture of undegraded phytoglycogen-A and -B, extracted from the same 
sample of maize. No precipitation occurred until the acetic acid concentration reached 
55°; thereafter fractions were collected within the acid concentration limits given in 
Table 2. Relative molecular weights were determined (by Dr. C, T. Greenwood) from 
ultracentrifugal data, the assumption being made that the values of the diffusion constant 
and partial specific volume were the same as for animal glycogen. Basal-chain length was 
determined by periodate oxidation. The data in Table 2 show that a continuous series 


TABLE 2, The fractionation of phyloglycogen with acetic acid, 
Acetic acid Kelative mol Basal-chain length 
concn,; limits (%) Yield * (g.) wt. (x10) f¢ (periodate) 
55 —-60 4:25 3°28 10-3 
60 — 65 37:8 3 110 
65-—70 2-36 f 9-7 
~70 1-05 78 


* From 62 g. of total phytoglycogen 
of fractions of decreasing molecular weight and basal-chain length are obtained by a simple 
procedure based upon solubility, It is seen, however, that the bulk of the phytoglycogen 


lies within narrow ranges of molecular weight and mean basal-chain length. 
It is now possible to understand why the yield of phytoglycogen-A is lower, and that 


> Peat, Whelan, Hobson, and Thomas, /., 1954, 4440 
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of phytoglycogen-B slightly higher, when enzyme action during extraction is not inhibited 
by the addition of mercuric ions (Table 1). Amylolysis of phytoglycogen-A would diminish 
its molecular size and thus increase its solubility in aqueous acid. Less would be precipi- 
tated at 67%, concentration and more found in the phytoglycogen-B fraction. The 
increased yield of the B fraction is not commensurate with the lower yield of 
phytoglycogen-A because fragments of both A and B appear in the oligosaccharide fraction. 
The observation that degraded phytoglycogen-B is attacked by R-enzyme whereas degraded 
phytoglycogen-A is not (Table 1) is also explicable on the view that although the A fraction 
is degraded during extraction, the residue precipitated by 67%, acetic acid still consists 
of molecules sufficiently large to retain its glycogen characteristics, which include 
inaccessibility of the branch links to R-enzyme. 

The conclusion is reached that the water-soluble polysaccharides of Zea mays constitute 
a single polymer-homologous series (as do glycogen }* and the components of starch +”) 
and although the maize polysaccharide is structurally indistinguishable from glycogen of 
animal or microbial origin, it will be convenient to retain the name “ phytoglycogen ’’ to 
indicate its source. The A fraction of phytoglycogen contains a small amount (3%) of a 
polyglucose which is stained blue by iodine and the investigation of this component is 
proceeding. 

EXPERIMENTAL 


Analytical Methods,--Blue values were determined as by Bourne ef al,4 Total phosphorus 
was determined as by Peat et al.; inorganic and 7-minute hydrolysable ester-phosphorus as 
by Bailey and Whelan. The Somogyi copper reagent * was used for the estimation of 
reducing power; when R-enzyme was present, the reducing solutions were first deproteinised.* 
The carbohydrate content of a polysaccharide was determined by acid hydrolysis, as by Pirt 
and Whelan.** §-Amylase activity was determined as by Bourne ef al™ The basal-chain 
length (i.¢., proportion of terminal non-reducing end groups) of a branched polysaccharide was 
estimated by periodate oxidation, the liberated formic acid being determined iodometrically 
by one of two methods: (i) In the semimicro-method, the polysaccharide (250 mg.) was 
dissolved in 3% sodium chloride (25 ml.) and 0-37m-sodium metaperiodate (25 ml.) was added ; 
the reaction was allowed to proceed at room temperature in subdued light, and, at suitable 
intervals, aliquot parts (5 ml.) were removed and added to ethylene glycol {1 ml.); after 10 min., 
potassium iodide (0-2 g.) was added and the liberated iodine titrated with neutral 0-005n-sodium 
thiosulphate with starch glycollate as indicator. (ii) When the amount of material available 
was more limited, a micro-method was used ; the reaction mixture contained the polysaccharide 
(25 mg.) and 0-37mM-sodium metaperiodate (5 ml.) in a total volume of 10 ml.; the formic acid 
in an aliquot sample (1 ml.) was titrated iodometrically in an atmosphere of nitrogen, an 
“ Agila’ micrometer syringe being used as burette. Control experiments with rabbit-liver 
glycogen, by the two methods, gave basal-chain lengths of 13-7 and 13-6. 

Paper-chromatographic fractionation of sugars was carried out with butan-1-ol-acetic 
acid-water (4: 1: 5 by vol.) and Whatman No, 54 filter paper. 

Preparation of Enzymes.—Crystalline §-amylase of sweet potato was kindly provided by 
Dr. A. K, Balls.* R-Enzyme was prepared as by Hobson et al,” 

Fractionation of the Carbohydrates of Zea mays.—-The method was essentially that of Hassid 
and McCready. (a) Im presence of mercuric chlovide. Mature Zea mays (Golden Bantam; 
400 g.) was finely ground and steeped in 0-01n-mercuric chloride (1 1.) under toluene for 18 hr. 
The solids were re-extracted five times for 2-hourly periods with portions (1-5 1.) of 0-001N- 
mercuric chloride. The extracts were combined with the steep liquor, filtered through a Celite 
pad, and concentrated over calcium carbonate to a volume of 1-21. The coagulated protein 
was filtered off, and the soluble polysaccharides were precipitated by the addition of ethanol 


'* Meyer, Adv, Enzymology, 1943, 3, 109 
Kerr, Arch. Biochem., 1945, 7, 377; Greenwood and Robertson, /., 1954, 3769 
* Kourne, Haworth, Macey, and Peat, /., 1948, 924 
Peat, Thomas, and Whelan, /., 1952, 722 
® Dailey and Whelan, /., 1950, 3573 
Somogyi, /. Biol. Chem., 1945, 160, 61; Hobson, Whelan, and Peat, /., 1950, 3566 
Hobson, Whelan, and Peat, /., 1051, 1451 
Pirt and Whelan, /. Sct. Food Agric., 1951, §, 224. 
Kourne, Macey, and Peat, ]., 1945, 882 
Balls, Walden, and Thompson, /. Biol. Chem., 1048, 178, 9 
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(1-5 vol.) at 0°, and collected in a centrifuge. The supernatant liquid, which contained the 
sugars, was concentrated over calcium carbonate to small volume, mercuric ions were removed 
by hydrogen sulphide, and the solution was evaporated to a syrup. 

The polysaccharide fraction was dissolved in warm water (10 parts), cooled to 0°, and treated 
with acetic acid (2 vol.). After being kept for 18 hours at 0°, the precipitate (phytoglycogen-A) 
was centrifuged off, washed with alcohol and ether, and dried. A second fraction (phyto- 
glycogen-B) was isolated from the supernatant liquid by the addition of ethanol (0-5 vol.) at 0°, 
After 18 hr. it was centrifuged off, washed, and dried as before. Granular starch was obtained 
by kneading the maize-meal residue in a cloth in 0-001N-mercuric chloride (2 1.). The starch 
which passed through the cloth was washed by decantation with 0-001N-mercuric chloride, 
washed with ethanol, and dried. Partial purification of the phytoglycogen fractions was 
carried out by the method of Hassid and McCready.* 

(b) Im absence of mercuric chloride, The quantities and procedure used were as described 
under (a) except that all mercuric chloride solutions were replaced by water only. 

(c) Phytoglycogen from immature maize, Immature Zea mays cobs (Golden Bantam; 965 g.) 
were extracted as by Meyer and Fuld,* Practically the whole of this phytoglycogen was 
insoluble in 67% acetic acid, pointing to the absence of the ‘ B "’ fraction. 

Purification of the Phytoglycogen and Starch Fractions.—All the polysaccharides contained 
protein impurities, and, in the case of the phytoglycogen-B fractions, 10-30% of phytin. 
They were purified as follows. Phytoglycogen-A and -B were treated by Sevag's method * 
to remove protein, and the phytin and inorganic matter were then removed by precipitation 
of the polysaccharide from solution at 0° with methanol (2 vol.) immediately after addition of 
hydrochloric acid to 1% concentration. The precipitate (ca. 50-60%) was washed with ethanol 
and ether. The whole starch (15 g.) was suspended in 0-1%, aqueous sodium chloride (1 1.) and 
boiled for 1 hr. After cooling, the gelatinous residue was removed and the starch precipitated 
from the solution by ethanol (2 vol.) at 0°. Some protein still remained, and this was removed 
by extraction of the starch with 33% chloral hydrate solution at 80° for 1 hr., in which reagent 
starch, but not protein, is soluble.* The insoluble residues were removed and the starch 
was precipitated from solution by acetone (2 vol.). 

Examination of the Fractions,(a) The sugar fraction. The sugar syrups (6 g.) were fraction- 
ated on charcoal-Celite columns (100 x 4 cm.), the columns being irrigated successively with 
water, 5%, 10%, 15%, 18%, 20%, 23%, and 50%, aqueous ethanol. Serial groups of fractions 
were combined, concentrated, and refractionated, when necessary. The sugars so obtained 
were tentatively identified by paper chromatography. When extraction was carried out in 
the presence of Hg**, the following sugars were detected : fructose, identified as 2; 3-4: 5-di 
isopropylidenefructose, m. p. 89—-90°, [a]! —32-0° (c 1-0 in CHCI,); glucose, as the 6-penta- 
acetate, m. p. 129—-130°, [a]!* +3-70° (c 1-0 in CHCI,); sucrose, as the octa-acetate, m. p. 
86—88°, (a)? |+-568-1° (¢ 2-0 in CHCI,); maltose, present in traces, by Ry value only; raffinose 
by R, value and by mild hydrolysis to fructose and melibiose, identified by paper 
chromatography. When mercuric chloride was not present during extraction, fructose was 
identified as 2: 3-4: 5-diisopropylidenefructose, m. p. 89-—-90°, (a)? 32-3°; glucose as the 
$-penta-acetate, m. p. 129—131°, [a]? +3-72° (c 1-2 in CHCI,), and maltose as the §-octa 
acetate, m. p. 158—159°, [a]! 4 62-2° (c 1-0 in CHCI,). Maltulose was tentatively identified 
by R, value, by hydrolysis with purified yeast maltase to glucose and fructose, and by its non 
hydrolysability by invertase. Maltotriose was identified by /, value, acid hydrolysis to glucose 
only, and slow hydrolysis by crystalline f-amylase to a mixture of glucose and maltose; 
maltotetraose by I, value, acid hydrolysis to glucose, and by its rapid hydrolysis by (-amylase 
to maltose. Higher maltodextrins were also present, and were characterised as such by acid 
hydrolysis to glucose and by their rapid $-amylolysis to maltose and maltotriose, Sucrose 
and raffinose were not found, even in traces. (b) The polysaccharide fractions. The properties 
of the fractions are listed in Table 1. Enzyme action was studied on digests made as follows, 
The polysaccharide (25 mg.) was dissolved in warm water (10 ml.), or, in the case of the starches, 
in 0-25n-sodium hydroxide (10 ml.) and neutralised, 0-2m-Acetate buffer (3 ml.) was added, 
followed by the enzyme solution and water to 25 ml. For #-amylolysis, the digest pH was 4-8 
and 1000 enzyme units were used. In studying R-enzyme action, the enzyme (50 mg.; 1 ml.) 
was allowed to act for 18 hr. at pH 7 in a similar digest (23 ml.). 0-2m-Acetate buffer (pH 3-6; 
1 ml.) was added, thereby adjusting the digest pH to 4-8, followed by 6-amylase (1000 units ; 
0-2 ml.) and water to 25 ml. All digests were incubated at 35°, and the course of reaction was 


*¢ Meyer and Bernfeld, Helv. Chim. Acta, 1940, 28, 875 
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followed by determination of reducing power. The conversion limits given in Table 1 were 
measured after 24 hr. 

Kractionation of Phytoglycogen (Table 2).—Phytoglycogen (62 g.), obtained by extraction of 
mature corn with aqueous mercuric chloride, was fractionated by a continuous addition of 
acetic acid at 0° to an aqueous solution (800 ml.). The precipitated fractions (Table 2) were 
kept in contact with the supernatant liquid for varying periods (10—16 hr.) before being 
separated, washed, and dried. The fourth fraction was obtained by the final addition of 
ethanol (0-5 vol.). The fractions were purified as described for phytoglycogen-A. 

Detection of Carbohydrases in Immature Zea mays.--Immature corn cobs (1050 g.) were 
macerated with water (500 ml.) and centrifuged. To the supernatant solution was added 50%, 
ammonium sulphate (pH 7-0; 4 vol.), and the precipitate centrifuged, redissolved’ in 0-Im 
citrate buffer (pH 7-0, 100 ml.), and freeze-dried. The dried powder (14 g.) was used as the 
test source of enzyme activity. Phosphorylase and phosphatase activities were determined 
by a modification of the method of Green and Stumpf,” the phosphatase activity being measured 
in absence of starch primer. The respective activities were 23-8 and 19-9 units per g. The 
presence of a-amylase was shown by incubating the enzyme preparation (102 mg.) with sodium 
amylose glycollate (25 mg.) 4%. at pH 4-8 in a total volume of 26 ml. After 22 hr. the percen- 
tage conversion (as maltose) was 24-9. Under identical conditions §-amylase (500 units) effected 
a conversion of 31%, whereas with human saliva (50% by vol.; 2 ml.) the conversion was 
94-4°%,. oth a and §-amylolytic activities were detected by Wijsman’s 4 agar-plate technique. 


The authors are grateful to Dr. C, T. Greenwood (Edinburgh University) for the 
determination of the relative molecular weights quoted in the Tables, and to the Agricultural 
Kesearch Council for financial assistance. 
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451. Usnic Acid. Part XII.* Pummerer’s Ketone. 
bby Vincent ARKLEY, F. M. Dean, ALEXANDER RoBeERTSON, and PADET SIDISUNTHORN. 


The structure (IT) allocated by Pummerer eé a/.! to the ketone formed by 
the ferricyanide oxidation of p-cresol has been modified to (I11), thus aligning 
it with the structure of usnic acid, The revision was necessitated both by 
the failure of attempts to convert 2: 5’-dihydroxy-5 : 2’-dimethyldiphenyl 
into the ketone and by the non-identity of the dihydro-derivative of this 
ketone with authentic 1: 2: 3:4; 10; 11-hexahydro-6 ; 10-dimethy!-3-oxodi- 
benzofuran, a difference shown not to be stereochemical, The ketone has been 
converted into, and recovered from, derivatives of the isomeric dienone 
(VII; R H) considered to be an intermediate in the formation of the 
ketone from p-cresol, 


WHEN proposing structure (I) for usnic acid, Curd and Robertson (J., 1937, 894) remarked 
that this system could arise from the linking—indicated in (1) by the broken bond—of 
two molecules of C-methylphloracetophenone. Pummerer, Puttfarcken, and Schapflocher ! 
had previously shown that one of the products of ferricyanide oxidation of p-cresol was a 
neutral ketone to which they ascribed formula (II), and it was suggested by one of us * 
that this reaction might be a prototype for the genesis of usnic acid though the different 
positions allocated to the angular methyl groups prevented a direct correlation at that time. 
A study of the p-cresol oxidation product (which it is now convenient to call Pummerer’s 
ketone) has caused us to discard formula (II) and to establish formula (III) in its place. 
Barton, Deflorin, and Edwards ® recently reached the same conclusion by a different route 
and showed that usnic acid can be formed in this type of reaction, 


Part XI, J., 1955, 2166 
' Pummerer, Puttfarcken, and Schopflocher, Ber., 1922, 65, 3116; 1925, 58, 1808 
Dean, Set. Progress, 1952, 40, 635 
Barton, Deflorin, and Edwards Chem. and Ind.. 1955, 38, 1039 
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Because ferricyanide oxidations are of the one-clectron type, the oxidation of p-cresol 
probably involves radical intermediates that can take the forms (IVa, 6, c) and can therefore 
lead to intermediates (V) and (VII; R = H), of which we considered the latter to be the 
more attractive because it provides a convenient means for cyclisation to (II1). However, 


Ac ra) re) Me fe) 
HO; ) OH “sal | ™ Pp 
Me a eo Ac Me 0 Me L. 
HO Me O Me 


(1) (it) i) 


the attack on phenols by lead tetra-acetate,* benzoyl peroxide,® nitrous acid and ferric 
chloride,* and certain more complex oxidising agents 7 does produce compounds akin to 
(V) so that this possibility cannot be excluded immediately ; even the less obvious structure 
(VI) is reasonable mechanistically and structurally because of its close relation to 3 : 3’-di- 
p-cresol (2: 2’-dihydroxy-5 : 5’-dimethyldiphenyl), a major component of the ferricyanide 
oxidation mixture. 

The isomerisation of the f-cresol oxidation product to a dihydric phenol, induced by 
mineral acids, was first noted by Pummerer and his collaborators ' who interpreted it as 
the production of 2 : 3’-di-p-cresol (2 : 5’-dihydroxy-5 : 2'-dimethyldiphenyl) (VIII; R = H) 
from the ketone (II). The formulation (VIII; R H) for the dicresol was adduced from 
comparisons with the known and different 2: 2’- and 3: 3'-di-p-cresols and was later 
partially supported by the work of Westerfeld and Lowe * who recorded the relevant ultra- 
violet spectra and converted the new dicresol into a dimethoxydiphenic acid, which, how- 
ever, was not oriented. 

secause of its relation to a $-hydroxy-ketone, a compound of structure (IIT) would be 
relatively easily affected by acids and thus 2 ; 3’-di-p-cresol would be formed by preferential 


(VIN) (Vit) 


Wagner migration of the aryl group ® in the intermediate dienone (VIL; R =H). Although 
isomerisation of the ketone (VI) would probably yield 3: 3’-di-p-cresol, migration of the 
methyl group preceding ring fission could result in a derivative (IX) of m-cresol with pro- 
perties indistinguishable from those mentioned above. From Pummerer’s view of the 
isomerisation, which assumes that no change in the carbon skeleton occurs, it follows that 
the dicresol should regenerate the ketone when treated with ferricyanide; it is therefore 
significant that in preliminary experiments (personal communication from Mr. E, Evans 
of this Department) the dicresol was found to be unaffected by this reagent.'@ 

* Von Wessely and Sinwel, Monatsh., 1950, 81, 1055 

* Cosgrove and Waters, /., 1951, 388. 

* Pummerer and Cherbuliez, Ber., 1914, 47, 2057. 

7 Pummerer, Schmidutz, and Seifert, Chem. Ber., 1952, 85, 535 

* Westerfeld and Lowe, /. Biol. Chem., 1942, 145, 463 

* Arnold and Buckley, /. Amer. Chem, Soc., 1949, 71, 1781 

© Cf, Bacon, Grime, and Munro, J., 1954, 2275 
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Hydrogenation of Pummerer’s ketone gave an alcohol, now considered to be (X), which 
differed from the compound (X1) formed by reduction with aluminium tsopropoxide. 
As expected, Oppenauer oxidation of the latter compound (XI) regenerated Pummerer’s 
ketone, whereas the former (X) gave a compound (XII), which, had Pummerer’s formul- 
ation (Il) been correct, would have had structure (XIX). Ketone (XIX) was synthesised 
independently and shown to differ from our product (XII). 


oO ie) Oo 2) @) 
OH T if y I . Y I ry 

Me Me Me 

(XI) (XI) (XI 


° 
OH CH,-CH-COMe 
CO-CHMeBr 


(XV) 
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(XVII) (XVIII) (XIX) (XX) 


For the synthesis of the ketone (XIX), 2: 5-dimethylcoumaran-3-one (XIV) was re- 
quired. Prepared according to von Auwers,!! the bromo-ketone (XV) could not be cyclised 
to the coumaranone (XIV) with sodium acetate as described by this author until it was 
discovered that pyridine catalysed the reaction. Interaction of methyl vinyl ketone and 
the coumaranone (XIV) readily gave the adduct (XVI), which was cyclised to the unsatur- 
ated ketone (XVII), having the requisite characteristic absorption in the ultraviolet and the 
infrared region, Its stability to acids contrasted sharply with the behaviour of the iso- 
meric Pummerer’s ketone. When hydrogenated, the unsaturated ketone (XVII) furnished 
an alcohol (XVIII) easily converted into the desired compound (XIX) by the method of 
Oppenauer 

rhe non-identity of this product (XIX) and the corresponding substance from Pum- 
merer’s ketone could, of course, have resulted from a difference in ring fusion at the 10: 11- 
positions. Htickel and Linstead ! consider eis- to have greater thermodynamic stability 
than (rans-fused systems when a five-membered is involved with a six-membered ring. 
On this basis Pummerer’s ketone and its reduction products, and also compounds (XVIII) 
and (XIX), would all have the stable cis-configuration. In agreement with this it was not 
possible to induce isomerisation of either compound (X11) or (X1X) by means of palladium !4 
at 350° or to obtain any product other than the saturated alcohol (XVIII) by varying the 
conditions in which unsaturated ketone (XVII) was hydrogenated. Stereochemical 
differences were finally excluded by the results of chromic acid oxidations. 

With chromic acid, the alcohol (XVIII) reverted to the unsaturated ketone (XVII), 
whereas the corresponding alcohol (X) from Pummerer’s ketone gave a new isomeric 
«unsaturated ketone, The methyl group in the 10-position of (I1) makes impossible an 
inversion at this point, and so saturation and regeneration of the double bond in (II) could 
not affect the type of ring fusion. Had Pummerer’s ketone possessed structure (II), then, 

't Von Auwers, Ber., 1914, 47, 3307; 1926, 89, 2630. 


'* Hickel and Linstead, Ann, Reports, 1935, 32, 306 
Bachmann, Koss, Dreiding, and Smith, /. Org. Chem., 1964, 19, 222 
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this sequence of reactions must have resulted in either the regeneration of (II) or the pro- 
duction of its isomer (XVII) where there is no duplicity of ring fusion. Thus structure (II) 
cannot account for the formation of the new isomer. Further, structure (VI) is also in- 
adequate, for here the only other possible af-unsaturated ketone contravenes Bredt’s rule. 
On the other hand, because oxidation of the alcohol (X) would be expected to generate 
ketone (XIII) rather than Pummerer’s ketone, the formulation (IIT) does provide a satis- 
factory expression for the p-cresol oxidation product and it follows that the dicresol is 
indeed 2 : 3’-di-p-cresol. 

The expectation that acid-catalysed fission of the tetrahydrodibenzofuran (III) to the 
dicresol (VIII; R = H) would have a base-catalysed counterpart not involving Wagner 
rearrangement has been realised. Sodium ethoxide in ether converted Pummerer’s ketone 
(111) into a sodium salt which by interaction with acetic anhydride, benzoyl chloride, or 
methyl iodide, furnished respectively an acetate (VIL; R = Ac), a benzoate (VIL; R = Bz) 
and a methyl ether (VII; R = Me), all of which possessed carbonyl activity and ultra- 
violet and infrared absorption characteristic of the cyclohexa-2 : 5-dienone system together 
with those of the appropriate aromatic residues. The same compounds could be prepared 
more readily by treatment of Pummerer’s ketone with, respectively, pyridine and acetic 
anhydride or benzoyl chloride, and with methy! sulphate and aqueous alkali. Although 
oxidation of the acetate (VII; R = Ac) with permanganate gave a mixture which in- 
cluded p-cresotic acid and 2-hydroxy-5-methylacetophenone (identified as the 2 ; 4-dinitro- 
phenylhydrazone), a more satisfactory result was obtained from oxidation of the methyl 
ether (VII; R = Me) which furnished 3-acetyl-4-methoxybenzoic acid (XX), thus con- 
firming the position allocated to the angular methyl! group in the benzofuran (III), The 
methyl ether (VII; R = Me) also suffered the dienone-phenol rearrangement when 
treated with acids and then formed the methoxyphenol (VII1; R = Me) correlated with 
Pummerer’s dicresol (VII1; R = H) through the dimethyl ether. 

It did not seem possible to isolate the ketone (VII; R = H) because the sodium deriv- 
ative rapidly regenerated Pummerer’s ketone when added to water. This ready cyclisation 
agrees well with the postulated mode of formation of the p-cresol oxidation product and 
confirms the stereochemical prediction made above since the geometry of this ketone (VII; 
R = H) makes it virtually impossible that the 10: 11-ring fusion could be trans. Thus 
Pummerer’s ketone is regarded as having structure (III) with cis-fusion. 


EXPERIMENTAL 


1: 2:10: 11-Tetrahydro-6 ; 11-dimethyl-2-oxodibenzofuran (Pummerer's Ketone) (111),—-This 
was prepared from p-cresol by the methods of Pummerer ef a/.! and Westerfield and Lowe.* 
Its infrared spectrum (in Nujol) showed strong bands at 1656 (conjugated carbonyl), weaker 
bands at 1616, 1460, and 1400 cm."' (olefinic and aromatic absorption). The 2: 4-dinttro- 
phenylhydrazone crystallised from ethyl acetate in prisms, m, p. 222°, Aus, (in CHCl,) 388 mu 
(Found: N, 14-0. C,H,,O,N, requires N, 142%). 

2: 5-Dimethylcoumaran-3-one (XIV).—Hydrated sodium acetate (20 g.) and §-bromo-2- 
hydroxy-5-methylpropiophenone (10 g.) were heated in boiling alcohol (100 ml.) containing 
pyridine (1 ml), After 4 hr. the solution was poured on ice, and the solid was distilled, giving 
2: 5-dimethylcoumaran-3-one (6 g.), b. p. 135°/12 mm., m. p. 63°, which with alkaline sodium 
nitroprusside gave a blue-red colour and was oxidised by air to 2-acetoxy-5-methylbenzoic 
acid as described by von Auwers." 

2 : 5-Dimethyl-2-3’-ox0-n-butylcoumaran-3-one (XV1),—-Methyl vinyl ketone (b. p. 36°/120 
mm.), in methanol (14 ml.) and ether (30 ml.), was added to 2: 5-dimethylcoumaran-3-one in 
methanol (40 ml.) and ether (105 ml.) containing sodium methoxide (0-05 g.) during 30 min. under 
nitrogen. The mixture was stirred for 4 hr., acidified at about 26°, and extracted with ether. 
The extracts were washed with aqueous sodium hydrogen carbonate, dried, and evaporated in 
avacuum. Distillation of the residual oil supplied the coumaranone (10 g.), b. p. 210°/16 mm, 
(Found: C, 72-1; H, 7-0. CyH,O, requires C, 72-4; H, 69%). Crystallised from benzene, 
the semicarbazone formed needles, m. p. 213° (Found: C, 62-0; H, 65; N, 143. CygHyyOgN, 
requires C, 62-3; H, 66; N, 145%). 

1: 2:3: 10-Tetrahydro-6 : 10-dimethyl-3-oxodibenzofuran (XVII).-A mixture of 2: 5-di- 
methyl-2-3’-oxo-n-butylcoumaran-3-one (1 g.) in water (100 ml.), alcohol (20 ml,), and potassium 
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hydroxide (2-5 g.) was boiled under nitrogen for 2 hr., and the cooled solution neutralised and 
extracted with ether, giving the compound (XVII) which separated from light petroleum (b. p. 
460°) in pale yellow needles (0-8 g.), m. p, 80-—81°, 2,,,, (in EtOH) 228, 288, 375 my (log « 
4-063, 4-169, 4-135) (Found; C, 78-6; H, 69. C,,H,,O, requires C, 78-5; H, 66%). Infrared 
spectrum (in Nujol) ; strong bands at 1631 (heavily conjugated carbonyl combined with olefinic 
frequencies), and at 1560, 1475, and 1410 cm." (aromatic system), When boiled with 48% 
hydrobromic acid for 1 hr, this ketone was recovered unchanged in high yield; an alkali-soluble 
product could not be detected. The 2: 4-dinitrophenylhydrazone crystallised from benzene in 
dark red needles, m. p. 270° (Found: C, 60-8; H, 44; N, 14-1. Cy H,,O,N, requires C, 60-9; 
Hi, 4-6; N, 14-2%) 
1:2:3:4:10: 11-Hexahydro-6 : 10-dimethyl-3-oxodibenzofuran (XIX).—When the fore 
voing ketone (0-5 g.) was shaken with Raney nickel (1 g.) and hydrogen at the ordinary temper- 
ature and pressure 2 mols. of hydrogen were absorbed in 1 hr. Evaporation of the filtrate 
yielded an oil (0-5 g.), devoid of carbonyl activity, which, in spite of erratic analytical results, 
appeared to be 1:2: 3:4: 10: 11-hexahydro-3-hydroxy-6 : 10-dimethyldibenzofuran since it 
gave a well-defined phenylurethane crystallising from light petroleum (b. p, 60-—-80°) in needles, 
130-—-131° (Found: C, 74-8; H, 68; N, 42. Cy,;HyO,N requires C, 74-8; H, 6-9; 
This alcohol (0-5 g.) was oxidised in acetic acid (5 ml.) at 60° with chromium tri- 
) in acetic acid (2-5 ml.) and water (1 ml.) added during 30 min. An hour later the 
vas isolated and purified from benzene with aluminium oxide, giving 1: 2: 3: 10- 
tetrahydro-6 : 10-dimethyl-3-oxodibenzofuran which was characterised as the 2: 4-dinitro 
phenylhydrazone, m. p, and mixed m. p. 269-—-270°. Oxidation of the alcohol (2 g.) with 
aluminium fert.-butoxide (5 g.) in a boiling mixture of benzene (50 ml.) and acetone (25 ml.) for 
one day gave an oil which was isolated with ether and distilled, yielding the hexahydro-3-oxo 
dibenzofuran (XIX) as a viscous oil (1-3 g.), b, p. 190°/2 mm. (Found: C, 77-6; H, 7-8. CyHy.O, 
requires ©, 77-8; H, 74%). The orange 2: 4-dinitrophenylhydrazone crystallised from ethyl 
acetate and alcohol in needles, m p. 181° (Found: C, 60-8; H, 6-1; N, 13-9. C,.H,,O,N, 
ires C, 60-6; H, 5-1; N, 141%), and had },,,, 368 my (e 23,560) typical of the 2 : 4-dinitro- 
phenylhydrazones of saturated ketones. The semicarbazone separated from alcohol in needles, 
m. p, 260° (Found ; C, 65-8; H,7-0; N, 151. C,,H,O,N, requires C, 65-9; H, 7-0; N, 15-4%). 
Attempts to obtain a Stereoisomer of Ketone (X1X).—(a) Hydrogenation of the ketone (X VII) 
with Adams catalyst either in neutral alcohol at 55 |b./sq. in. at room temperature for 10 hr. 
or in acetic acid at the ordinary temperature and pressure for 2 hr. gave 1:2:3:4: 10; Ll. 
hexahydro-3-hydroxy-6 : 10-dimethyldibenzofuran, which was converted into the identified 
phenylurethane, m, p. and mixed m. p, 130°, and by oxidation (Oppenauer) into the ketone (XIX) 
haracterised as the 2: 4-dinitrophenylhydrazone, m. p. and mixed m, p. 179-—-180°. 
b) The ketone (XVII) (0-2 g.) was heated with 5% palladised charcoal (0-3 g.) to 250° for 
8 min. and an ethereal solution of the product freed from phenolic material with 2n-aqueous 
sodium hydroxide, On isolation, the compound (XIX) was converted into the 2: 4-dinitro- 
phenylhydrazone, m. p. and mixed m. p. 179°. 
1:2:3:4: 10: 11-Hexahydro-6 ; 11-dimethyl-2-oxodibenzofuran (X11).--Pummerer’s ketone 
(5g is agitated with Raney nickel (5 g.) in hydrogen at room temperature and pressure for 
6 he After isolation the product (0-5 g.) was distilled, giving 1: 2: 3:4: 10: 11-hexahydro- 
2-hydroxy-6: 11-dimethyldibenzofuran (X), b. p. 140°/0-6 mm., which slowly solidified and 
then erystallised from light petroleum (b. p. 40-—60°) in needles, m. p. 70°, insoluble in allcali 
ind devoid of carbonyl] activity (Pummerer ef alt give m. p. 71°) (Found: C, 77-0; H, 8-1 
Cale. for ©,\,H,,O,: ©, 770; H, 83%). The phenylurethane separated from light petroleum 
in needles, m. p, 134°, depressed to about 100° on admixture with the phenylurethane of the 
ilcohol (XNVIT) (Found: C, 75-1; H, 67; N, 45. C,,HyjO,N requires C, 74-8; H, 6-9: N, 
42% When oxidised in boiling benzene (50 ml.) with aluminium ¢ert.-butoxide (5 g.) and 
acetone (30 ml.) for 48 hr., this alcohol (2-3 g.) furnished 1: 2: 3:4: 10: 1l-hexahydro-6: 11 
dimethyl-2-oxodibenzofuran which was isolated from the acidified mixture with ether and 
purified by distillation; it formed an oil (1-5 g.), b. p. 146—154°/0-5 mm., that solidified and 
then had m. p, 82° (Barton ef a/.4 give m. p. 82°) (Found: C, 78-1; H, 7-7. Cale. for C,,H,,O, 
C, 77-8; H, 74%) The 2: 4-dinitrophenylhydrazone separated from ethyl acetate-alcohol in 
orange-yellow plates, m. p, 208°, having 2,,,, (in EtOH) 368 my (¢ 22,570) as expected for this 
derivative of a saturated ketone (Found : C, 60-6; H, 5-2; N, 13-9. C, HO, ,N, requires C, 60-6; 
H, 5-1; N, 141%) Che semicarbazone formed needles, m. p. 231°, from ethyl acetate~alcohol 
Found: C, 66-1; H, 7-2; N, 15-4. C,sH,,O,N, requires C, 65-9; H, 7-0; N, 15-4%) Both 
derivatives depressed the m. p.s of the corresponding derivatives of the 6 : 10-dimethy] isomer 
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When heated to 250° with palladised charcoal as described for the 6: 10-dimethyl isomer 
this ketone (XII) was unaffected (2: 4-dinitrophenylhydrazone, m. p. and mixed m. p. 208°). 
Chromic Acid Oxidation of the Alcohol (X).—The preceding alcohol (0-4 g.), in acetic acid 
(5 ml.), was oxidised by chromium trioxide (0-5 g.) in the same solvent (2-5 ml.) containing 
water (1 ml.). After 1 hr. the mixture was diluted with water, and the product was collected 
with ether and freed from acidic material by aqueous sodium hydrogen carbonate. The resulting 
non-phenolic oil was at once converted into the 2 : 4-dinitrophenylhydrazone which was chrom- 
atographed from benzene on aluminium oxide. The one band obtained yielded 2:3: 4: 11- 
tetrahydro-2-0x0-6 : 11-dimethyldibenzofuran 2: 4-dinitrophenylhydrazone which separated from 
ethy! acetate-alcohol in orange-red prisms, m. p. 180-181° (depressed markedly by the 2: 4 
dinitrophenylhydrazone of Pummerer’s ketone) (Found: N, 14:5. CygHygOsN,y requires 
N, 14-2%), having Aya, 382 mp (¢ 25,220) as befits an af-unsaturated ketone derivative, 
1:2:10: 11-Tetrvahydro-2-hydroxy-6: 11-dimethyldibenzofuran (X1).—Pummerer's ketone (2 g.) 
and aluminium isopropoxide (2 g.) in isopropyl alcohol (10 ml.) was heated under reflux so that 
acetone could escape. After 3 hr., removal of the solvent under reduced pressure and decompos- 
ition of the residue with 2n-hydrochloric acid (40 ml.) liberated a product that was purified by 
distillation giving an oily alcohol, b. p. 130-—135°/1 mm., which crystallised from light petroleum 
in needles, m. p. 80°, having no carbonyl activity (Found; C, 78:1; H, 7-5. CygH,,O, requires 
C, 77-8; H, 74%). This furnished a phenylurethane separating from alcohol in needles, m. p. 
126—127°, clearly different from the material obtained by hydrogenation (Pound: C, 75-2; 
H, 6-3; N, 44. C,,H,,O,N requires C, 75-2; H, 63; N, 42%). Oxidised by aluminium 
tert.-butoxide (2 g.) and acetone (25 ml.) in boiling benzene (8 ml.) for 26 hr., this alcohol (0-6 g.) 
regenerated Pummerer’s ketone, b. p. 120—-130°/1 mm., which was distilled and crystallised 
from light petroleum, then having m. p. and mixed m. p. 124°. 
4-(2-Acetoxy-5-methylphenyl)-4-methylcyclohexa-2 : 5-dienone (VIL; R Ac),—-When Pum- 
merer’s ketone (2 g.) in ether (20 ml.) was added to sodium ethoxide from sodium (0-24 g.) and 
alcohol (0-6 ml.) in boiling ether (40 ml.), a yellow salt (1-14 g.) was formed rapidly which was 
collected after 30 min., washed with ether, and kept in a dry atmosphere. With acetic 
anhydride (0-15 ml.) in boiling ether (30 ml.) for 1 hr., this salt formed a gum which was purified 
from benzene on aluminium oxide and then crystallised from light petroleum (b. p. 60-——80°), 
to yield the dienone acetate in needles (0-05 g.), m. p. 99°, Ama (in MeOH) 235 my (log ¢ 4°18), 
strong infrared absorption bands (in Nujol) at 1758 (aryl acetate), 1661 (dienone carbonyl), 
and at 1621, 1495, and 1406 cm.~! (conjugated olefinic and aromatic absorption) (Found ; 
C, 75:3; H, 62; OAc, 17-3. CygH,,O°OAc requires C, 75-0; H, 63; OAc, 168%). The 


2: 4-dinitrophenylhydrazone formed red needles, m. p. 209-—210°, d,.,, (im CHCI,) 400 mp 
(log ¢ 4-56), from ethyl acetate (Found: C, 60-7; H, 46; N, 12-1. CygHO,N, requires C, 60-6; 
H, 4:6; N, 12-8%). 

When heated for 1 hr. with acetic anhydride (10 ml.) and (i) pyridine (10 ml.) or (ii) sodium 
acetate (0-7 g.), Pummerer’s ketone (1 g.) was smoothly converted into the same acetoxy- 
dienone (0-9 g.). 

The sodium salt was regenerated by treatment of the acetoxydienone with sodium ethoxide 
in ether by the method used for Pummerer’s ketone, and when added to water it first dissolved 
and then rapidly gave a quantitative precipitate of Pummerer's ketone, m, p. and mixed m. p. 
124 Alternatively, Pummerer’s ketone was regenerated by hydrolysis of the acetate (0-3 g.) 
with potassium hydroxide (0-1 g.) in methanol (4 ml.) and water (1 ml.) at 80° for 10 min, and 
was precipitated when the mixture was diluted. 

4-(2-Benzoyloxy-5-methylphenyl)-4-methylcyclohexa-2 : 6-dienone (VIL; R = Bz).--The sodium 
salt (0-24 g.) of Pummerer’s ketone was warmed for | hr. with benzoyl chloride (0-14 ml.) in 
ether (25 ml.). Evaporation of the filtrate from the precipitated sodium chloride left a semi 
solid mass which was purified on aluminium oxide from benzene and then crystallised from light 
petroleum (b. p. 60—-80°), giving the benzoyloxydienone in needles (0-1 g.), m. p. 166-—157°, 
Awax, (tn MeOH) 232 my (log ¢ 4-52), strong infrared absorption bands (in Nujol) at 1729 (aryl 
benzoate), 1661 (dienone carbonyl), and at 1621, 1596, 1495, and 1404 cm.“ (aromatic and con- 
jugated ethylenic absorption) (Found: C, 79-1; H, 55. Cy,H,,O, requires C, 79-2; H, 57%) 
The 2; 4-dinitrophenylhydrazone separated from chloroform in orange needles, m, p. 281-282", 
Amax, (in CHCI1,) 400 my (log ¢ 3-82) (Found: C, 64-7; H, 4:3. C,H yO,N, requires C, 65-1; 
H, 4:4%) 

rhe same benzoate, m. p. and mixed m. p. 156--157°, was produced by the interaction of 
Pummerer’s ketone (0-5 g.) with benzoyl chloride (0-3 ml.) in boiling pyridine (5 ml.) for 4 hr. 

4-(2-Methoxy-5-methyl phenyl)-4-methylcyclohexa-2 : 5-dienone (VIL; KR = Me).—-(i) A mixture 
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of Pummerer’s ketone, methyl iodide (1 ml.), the sodium salt, and acetone (20 ml.) was 
heated under reflux for 2 hr. and on evaporation the filtered solution left a viscous oil, b. p. 
125°/1 mm. which on crystallisation from light petroleum (b. p. 40—60) gave the methoxydienone 
in prisms, m. p. 70-—71°, Ans, (in MeOH) 228 my (log ¢ 4-39), strong infrared absorption bands 
(in Nujol) at 1645 (dienone carbonyl), and at 1601, 1491, and 1400 cm. (aromatic and conju- 
gated ethylenic absorption) (Found: C, 79-1; H, 7:2; OMe, 13-6. C.,H,,0*OMe requires 
C, 76-9; H, 7-1; OMe, 13-6%). The 2: 4-dinitrophenylhydrazone separated from ethyl acetate 
as red needles, m, p. 202-—-203°, 3,,,, (in CHCI,) 395 my (log ¢ 4:57) (Found: C, 61-8, 61-9; 
H, 6-2, 61; N, 14-0, 14-2. C,y,H,O,N, requires C, 61-5; H, 49; N, 13-7%). 

(ii) The reddish solution of Pummerer’s ketone (3 g.) in warm methanol (30 ml.) containing 
40%, sodium hydroxide solution (3 ml.) was treated dropwise with methy! sulphate (3 ml.) with 
stirring; more methyl sulphate (9 ml.) and alkali were added, the mixture was then heated with 
10%, aqueous sodium hydroxide (80 ml.) on the steam-bath for 15 min., and the methanol re- 
moved by distillation. Isolated with ether the product solidified in contact with light petroleum 
(b. p. 40-60") and on crystallisation from the same solvent gave the methoxydienone in needles 
(1-8 g.), m. p. and mixed m. p. 70—71°. 

5-H ydroxy-2'-methoxy-2 : 6'-dimethyldiphenyl (VIII; R = Me).—A solution of the methoxy- 
dienone (VIL; R = Me) (1 g.) in acetic anhydride (10 ml.) was treated with sulphuric acid 
(0-1 ml.) in the same solvent (4 ml.), kept for 5 hr., and slowly added to ice. The oily product 
gradually solidified and on crystallisation from dilute methanol gave 5-acetoxry-2’-methoxy-2 : 5- 
dimethyldiphenyl in needles (0-6 g.), m. p. 61° [Found : C, 75-4; H, 68; OAc, 149; OMe, 11-6. 
C gH y,(OAc) (OMe) requires C, 75-5; H, 67; OAc, 15-9; OMe, 115%}. On hydrolysis with 
potassium hydroxide (0-5 g.) in boiling methanol (7 ml.) and water (3 ml.) for 1 hr, and acidific- 
ation this acetate (0-3 g.) gave the phenol (VIIL; R » Me) which separated from benzene-—light 
petroleum (b, p. 60-—80°) in rhombs, m, p. 72° (Found; C, 79-0; H, 7-0; OMe, 13-2. C,,H,,0, 
requires C, 749; H, 7-1; OMe, 13-6%). Methylation of this phenol by the methyl sulphate 
and alkali method gave 2’: 5-dimethoxy-2 : 5’-dimethyldiphenyl, m. p. 66°, undepressed by 
authentic material, m, p. 66°, prepared from 2: 3’-di-p-cresol (Pummerer et al) give m. p. 86°) 
[Found : C, 70-6; H, 7-0; OMe, 27-3. Calc. for C,,H,,(OMe),: C, 79-3; H, 7-5; OMe, 25-6%]. 

Oxidative Degradation of 4-(2-Acetoxy-5-methylphenyl)-4-methylcyclohexa-2 ; 5-dienone,—-Pot- 
assium permanganate (8 g.) was added during | hr. to a stirred solution of the acetoxydienone 
(2 g.) in acetone and after 14 hr. the precipitate was collected, washed with acetone followed by 
hot water, and extracted with 1% sodium hydroxide solution. The combined extracts were 
freed from neutral material with ether and saturated with carbon dioxide. Isolated with 
ether the resulting product was a low-melting solid, with a violet ferric reaction, which gave an 
excellent yield of 2-hydroxy-5-methylacetophenone 2: 4-dinitrophenylhydrazone, forming red 
prisms, m. p. 263—265°, from benzene (Found; C, 54-7; H, 4:2; N, 16-9. C,,H,O,N, re- 
quires C, 64-6; H, 43; N, 170%). This derivative was identified with an authentic specimen 
by mixed m. p. determinations and by their identical behaviour on an aluminium oxide column, 
After separation of 2-hydroxy-5-methylacetophenone the liquor was strongly acidified, volatile 
material was removed with steam, and the solution extracted with ether. From the extracts 
5-methylsalicylic acid was isolated with aqueous sodium hydrogen carbonate and crystallised 
from hot water, forming needles, m. p. and mixed m. p. 149---150°, having a deep blue ferric 
reaction (Found: C, 63-6; H, 6-3. Calc. for C,H,O,: C, 63-2; H, 52%). 

The acetone washings of the crude oxidation product gave unchanged acetoxy-dienone. 
Oxidative Degradation of 4-(2-Methoxy-5-methylphenyl)-4-metiylcyclohexa-2 : 5-dienone. 
Addition of zinc permanganate (9 g.) to a stirred solution of the methoxydienone (2 g.) in acetone 
(80 ml.) at 15° gave during } hr. a precipitate which was washed with acetone and extracted 
with 1% aqueous sodium hydroxide. Liberated by acidification of the extract and isolated 
with a large volume of ether, 3-acetyl-4-methoxybenzoic acid formed plates (0-4 g.), m. p. 225— 
226°, from alcohol (Found: C, 61-4; H, 56; OMe, 16-0. C,H,O,-OMe requires C, 61-9; 
H, 6-2; OMe, 160%). The same acid, m. p. and mixed m, p. 225—-226°, resulted when 3- 
acetyl-4-hydroxybenzoic acid “4 was methylated by methyl! sulphate and an excess of aqueous 

dium hydroxide (Found : OMe, 16°3%). 
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452. The 8, Mechanism in Aromalic Compounds, Part XXI.* 
By R. L. Hepporetre and Josern MILLer. 


The activating power of a series of p-SO,*X groups in an aromatic nucleo- 
philic displacement has been investigated, and found to be in the theoretical 
order: X = H < SOyNH™~, SO,” < SO,yNC,Hy, SOy*NMe,, SOyNMePh < 
SO,4’Me < SO,°Ph. Comparisons are made with —/ and ~/~T groups, and 
particularly with corresponding COX groups, Orders found are; (a) N,' 
NO, > SO,Me > NMe,* > COMe > H; (b) SO,X > COX > H. 

The results are discussed in detail and shown also to support (ITI) as the 
single structure most nearly representing 5O,°X groups. 


SUBSTITUENT effects of COX groups have been considered earlier in this series,)4 and 
those of p-COX groups +8 found to be in the expected theoretical order.» ® 

This paper considers the substituent effects of -SO,*X groups in the mononitro-series 
(I): a preliminary note 7? has appeared. These effects are compared with those of ~/ and 
-I-T groups, and particularly with those of corresponding COX groups. 


O,N 


O,N o” 
+07 +7 Cl 
x ‘% € 
(I) (1) (1) (IV) 

In discussing SO,*X groups it is necessary to consider the two common ways (II and 
Ill) by which their structure is represented, according to whether an octet (II) or a decet 
(ITI) is assumed for the outer electronic shell of the sulphur atom. 

Structure (111) resembles that usually written for the nitro-group, though in such a 
structure the sulphur atom must be using a d-orbital, and, while the overlap with the 
n-electrons of the ring is expected to be less than for ordinary ~,-bonds, any deviation of 
the SO,°X group from coplanarity with the ring would have less effect on the extent of 
conjugation. In any event such a structure would allow SO,°X groups to exercise a 
powerful —/~T effect (though much weaker when X is negative, as discussed below) in 
aromatic Sy reactions, such as proceed through an intermediate complex (IV).* ® ® 

With restriction of the outer electronic shell of sulphur to an octet, as in ([1), an 
SO,*X group can exercise only a —/ effect, and this is expected to be smaller than that of 
a cation such as NMe,*. This is because, apart from the reduced effect due to the larger 
size of sulphur than of nitrogen ™ and the direct effect of two negatively charged oxygen 
atoms, the electron duplets joining the two O~ to S** would be very strongly displaced 
towards the sulphur, thus reducing the effective positive charge to a comparatively small 
value. The relative acidities of methylsulphonylacetic acid and of trimethylbetaine '” 
confirm this view. 

It would be inconsistent to assume an intermediate complex (IV), involving a —T effect 
for the SO,*X group, while representing the latter by (II), since this would imply acceptance 
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of a decet for sulphur joined to a quinonoid structure, and rejecting it for conjugation 
with a benzenoid structure and for the internal conjugation of an SO,*X group. The 
concept that sulphur may utilise d-orbitals in bond formation is not new." 

The theoretical order of activating power for p-SO,*X groups in aromatic Sy reactions, 
H < SO yX~ < SOyNR, < SOR < SO,Ar, is confirmed by the results presented in 
this paper and our preliminary (unpublished) results for the dinitro-series (cf. ref. 3). It 
corresponds to that found for p-COX groups.»3 Since even SO,*X~ groups have a formal 
positive charge on sulphur, a -/~T effect (though very weak) is expected for these as 
well as for the neutral SO,*X groups, whereas COX~ groups (only CO,~ being important) 
may not really be classifiable '\* ® as -J-T with the neutral COX groups, but rather as 

I alone, or even as +J-T7,™ though in the latter case the —7 effect must be the 
greater.’ 4 

The order of activating power was determined experimentally by measuring and 
comparing the rates of replacement of chlorine in the following compounds: (i) o- 
chloronitrobenzene,’ (ii) 4-chloro-3-nitrobenzenesulphonamide (sodium salt formed in 
alkaline solution), (ii) potassium 4-chloro-3-nitrobenzenesulphonate, (iv) 4-chloro-3- 
nitrobenzenesulphonpiperidide, (v) 4-chloro-NN-dimethyl-3-nitrobenzenesulphonamide, 
(vi) 4-chloro-N-methyl-3-nitro-N -phenylbenzenesulphonamide, (vii) 4-chloro-3-nitropheny! 
methyl sulphone, and (viii) 4-chloro-3-nitrophenyl phenyl sulphone. Table 1 gives the 
experimental and some calculated rate constants for the reaction of these compounds with 
OMe~ in absolute methanol, except where stated, together with the Arrhenius parameters 
( and logy, B), and some derived quantities. Where measurements were not made with 
OMe™ in methanol, the rates were estimated as discussed below. 

The reaction with compound (iii) was with OH™~ in water. An ionic strength (y) 
correction was applied, but the measurements made for this purpose will be included in a 
later paper dealing with the general problem of ionic-strength effects in aromatic 
Sy reactions. The rates for OMe~ in methanol were estimated from the ratio of rates 
for OMe~ in methanol and OH™ in water found for a similar carboxylate ! after correction 
to zero ionic strength.’ The reaction with compound (viii) was with OMe™ in 1: 1 (v/v) 
benzene-methanol, and rates for OMe~ in methanol were estimated by using the same 
solvent comparison made for compound (vii). 

The ionic-strength correction was found to be unnecessary for compound (ii), and this 
is discussed below. The corrections and estimates are of such magnitude that the same 
conclusions would be drawn from uncorrected results. 

tefore considering the various 5O,°X groups in detail it is valuable to compare the 
whole series, represented by SO,’Me, with representative —/ and —/-T groups. For the 
former a cation NMe,* ' ?° is chosen, and this has been shown to be more activating than 
a powerful neutral —/ group such as CF, 17 even though the latter is assisted by a —E 
hyperconjugative effect. For the latter, formally neutral, dipolar, and cationic groups 
are chosen, viz., COMe,' NO,,! 18 and N,*.1® 

rhe required comparison is for all these as 4-substituents in the 1-chloro-2-nitrobenzene 
series, and neither cation was thus measured, but reliable estimates may be made as follows. 
Ihe NMe,' group was compared with H and NO, in the 1-bromo-2-nitrobenzene series, 
and it has been shown }* that both the chloro- and the bromo-series give very similar 
results. However, an adjustment to the $.R.F. and activation energy (E) was made by 
equating the nitro-group as standard in each series. The N,* group was compared with H 
and NO, in the 4-substituted fluorobenzene series, and this series, though more sensitive, 
gives results of the same general character. The larger adjustment required was made by 
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use of the Hammett equation constants for the two series." The changes in frequency 
factor (log,, B) needed to make adjustments between the series were too small to be used 
satisfactorily, and since the experimenta! values clearly showed the high value expected 
for anion-cation reactions no adjustment was made. The comparison of SO,*Me with the 
other named groups is shown as Table 2. 


TABLE 1. 4-Substituted |-chloro-2-nitrobenzenes. 


Substituent : H SOyNH SO,” * SOyNC,H ,, 4 
Rate constant (10°%,) (1. mole~! sec.-') 18-8 60-1 1-33 (60-2) [a}* Tol eo 
a) at temp. shown in parentheses Ref, I 92, (60-1 1-03 (60-2) (0-169 IO (250 
1-03 (60-2) (0-169 
82-6 10-6 (820) [0 213 (20-5 
82-6 15-8 (82-0) (0-160) 355 = (35-0) 
158 (82-0) (0-169) 
5690 «(1004 382 (35-4) 
579 (100-4 54-0 (100-4) [0 O87 (45-0) 
580 «(1004 82-5 (100-4) (0-169 
84-8 (100-4) (0-169 
O-0,207 00143 O-O,611L O-0,375 * 
0-252 6-56 
35-0 O83 
E (cal 23,6,. 21,500 
23,000 
20,4 56 ’ 
logy, B 10-4 10-3, 10-5 
10-2 
88, * 
f 0 45-0 12-6 * 
50° 26-0 i44 * 6000 
| 100° 16-6 263% (0! 2220 
S.R.F. of the corresponding COX com- 337 
pound at 50 
S.R.I. ratio, SOyX/COX, at 50 1-61 * | -- 


Substituent rate factor 
(S.R.F.) ¢ 


Substituent : SO,NMe, ‘ SO,Me SOyPh * 
Rate constant (10°R,)+(1. mole sec.~) 27-9 (10-2 hd (ie 195 5 137 (11-4) 
(a) at temp. shown in parentheses 28-1 (10-2 138 (Lhd) 
{ B14 
65-9 (17-5 25-4 230 (20-0) 
529 
165 (25-6 { K 302 
165) (25-6 i 35-4) O10 (35-4) 
O14 (35 4) 
(30-0) 1300 602 | 
(30-0 2200 (44-9 
1240 
451 (34-0 240 (35 
7°86 9:77 16-7 20-5 
1900 2050 $220 4970 4640 * 
106,000 100,000 158,000 277,000 284,000 * 
18,600 18,6, 19,256 18,880 * 
logy, B § 10-9 lil, 11-7 11-4, * 
( 0 26,100 32,900 52,900 56,200 * 
iS RLF \« < 50° 7570 8140 12,800 18,400 * 
| 100° S040 2860 4510 BL10* 
S.R.F. of the corresponding COX com- 40-0/ {86-2} 1000 2660 
pound at 50 
> KF, ratio, SOyX/COX, at 50° 87-8 643 6-92 * 
* Estimated for OMe~ in MeOH (see text) 
“ With OH~ in water, * Values in square brackets are ionic strengths (4). ‘ Miller, J., 1952, 
3550. 4 C.H,, = cyclohexyl. * With OMe~ in 1:1 (v/v) benzene-methanol, / In a dinitro-series.‘ 
The estimated value in this series (see text) is shown in braces.‘ 


Substituent rate factor 


Inspection of Table 2 shows the relatively low activating power of a —J group, even 
when positively charged, compared with ~/-7 groups as shown by the order: N,’ > 
NO, > SO,*Me > NMe,* > COMe (>CF,)'7 > H. The J cation causes comparatively 
small lowering of E whereas ~J~-T groups, irrespective of electrical state, cause a marked 
lowering of F. However, while both cations have high frequency factors (log,, B) this 
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parameter distinguishes the various —]-7 groups, the changes being a large rise for the 
cation, a small rise for the formal dipole, and zero change for the formally neutral group. 
The SO,Me group is clearly to be placed with the NO, group, as regards S.R.F.’s and 
Arrhenius parameters, and structure (III) for SO,*X groups is thus supported against 
structure (II). 

It is also relevant to compare the effects of the same groups on neighbouring O-H, 
N-H, and C-H bonds as indicated by acidity. For this purpose sufficient information is 
available from results quoted by Branch and Calvin, Pearson and Dillon,*® and 


TaBLe 2. 4-Substituted 1-chloro-2-nitrobenzenes. 


Substituent: H N,* NO, SO,4'Me COMe NMe,* 
3-83 x 10° * 6-73 x 105 5-29 x 104 8-08 x 108 2-59 x 10* * 
— 1-14 x 105 1-28 x 104 1-99 x 108 1-30 x 10** 
— 7100 * — 6§200 — 6000 —~ 4900 — 2650 * 
+ 36° +0°B, +07, 0 +1-8° 
* Estimated values (see text), 
* Original value for 4-substituted fluorobenzene. * Original value for 4-substituted 1-bromo-2- 
nitrobenzene, 


Hammett ** (if in addition the greater acidity of sulphonamides than ordinary amides is 
derived from general knowledge of their reactions such as differential solubility in water 
and aqueous sodium hydroxide), and from the work of Jureéek ** on estimation of active 
hydrogen. Orders thus obtained are: (a) acids, X*CH,°CO,H and X-CH,°CH,°CO,H : 
NMe,* > SO,*Me > COMe; NO, > COMe; (6) acids, XOH: SO,*Me > NO, > COMe; 
(c) acids X‘-NH,: NO, > SO,Me > COMe; (d) acids X*CH,: NO, > COMe > SO,Me. 
The different orders are due presumably to the different relative importance of the —T 
effect, increasing from approximately zero in (a), in the order (a) < (6) < (c) < (d). The 
equivalence of order (c) with that in the aromatic Sy reactions is noteworthy as indicating 
there the importance of both J and T effects. As a final corollary these results suggest the 

I order, NMe,* > SO,*Me > NO, > COMe, and the -T order NO,, COMe > SO,*Me; 
and in conjunction with the earlier discussion that the true structure of SO,*X groups 
might well be between the structures (IT) and (ITI) rather than (III) alone, though nearer 
the latter. 

The order within the /-SO,°X series and relative to H may now be considered. The 
theoretical order of activating power, H < SO,X~ < SO,NR, < SO,’R < SO,°Ar, has 
already been given.+%%® The series position relative to H is simply the result of the 
combined —I~T effects, while the order within the series is due to internal conjugation 
decreasing from left to right ® ® and also the J effects of X. In particular, the large +-T 
effects of O- and NH~ must be reinforced by their --/ effects, and in the sulphones the 
relative values of Me and Ph are regarded as due to a -+-/ effect of Me and —I effect of Ph. 

The SO,°X series chosen includes experimental comparisons of a finer nature than were 
considered for p-COX groups, *® though the effect of a NPh group was measured in an 
o-COX series.* The order SO,*NC,H,) < SO,*NMe, < SO,"NMePh is that expected from 
the relative J effects of the N-substituents, but the order SO,.NH~ > SO,” is opposite to 
that expected from the +-7 effects of NH~ and O-, even though the position of both 
relative to the electrically neutral groups confirms the general discussion very satisfactorily. 
A possible explanation of the anomaly is the presence of a small amount of un-ionised amide, 
even though a considerable (three-fold) excess of OMe~ was used. If the S.R.F. of un- 
ionised SO,'NH, is taken as about equal to that of SO,NMe,, then about 0-25% of free 
amide in equilibrium with the conjugate base would be sufficient to raise the S.R.F. above 
that of SO,” to the value found. An alternative explanation takes into account other 
anomalies of the SO,NH™ group, viz., the fact that no correction for ionic-strength effect 
was found necessary, and that the frequency factor was normal, instead of being low as 
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would be expected for anion-anion reactions (cf. p-CO,~ '*), and could be reliably 
estimated for SO,~. It is suggested that all the anomalies of the SO,-NH™ group result 
from the slight alteration in character due to hydrogen bonding N~ +--+ H-OMe. Such 
hydrogen bonding would not be expected with oxygen atoms of a sulphonate. 

The Arrhenius parameters for the p-SO,°X series are also as expected. The ~/-T 
effect causes the usual marked lowering of ; the dipolar groups cause a moderate rise 
in logy, B; SO,~, but not SO,-NH™ causes a lowering of log,, B as discussed above. 

While SO,*Me and COMe have been compared as part of an extended sequence of 
substituent groups, it is of interest to compare a series of SO,*X and corresponding COX 
groups. There are four comparisons available, and for all the ratio of S.R.F.’s SOyX/COX 
is greater than unity. More specifically, however, whereas for three comparisons the ratio 
does not exceed 7, it is about 88 for the fourth (X = NMe,). The general excess over 
unity expresses a greater overall —J-—T effect in the SO,*X than in the COX series. The 
earlier discussion leads to the view that the difference lies in the —/ effect, and that the 
~T effect might well be less in the SO,°X series. In addition to the factors already 
mentioned, the comparatively low —T effect could be due to the competition of internal 
and external conjugation as in the nitro-group.™ 

The high value of the ratio for X = NMe, is regarded as due to special factors in 
CO-NMe, only, which are steric in origin. The size and geometry of the CO-NMe, group 
even when flanked in ortho-positions by only hydrogen (cf. ref. 4) causes it to be twisted out 
of the plane of the ring,™ thus reducing its S.R.F. compared with that of CONH,* If 
this effect were not present, however, the bulk of the NMe, group would still be expected 
to twist it relatively to the CO, thus reducing internal conjugation. This purely internal 
effect would result in a “ true” S.R.F. greater than that of a CO-NH, group. If this 
“ true’ S.R.F. is arbitrarily estimated as five times larger than that of the CO*-NH, group 
(to give a value approximately that of the CO,Me group, justified also by the ease with 
which NMe,, but not NH,, is displaced in m-NO,yC,HyCO-NR, *), then the SO,*X/COX 
ratio would be about 7 as found for X = Me and Ph. It should be noted that the S.R.F. 
for CO*NMe, was not obtained directly sinev side-reactions occur when 4-chloro-NN-di- 
methyl-3-nitrobenzamide is treated with OMe~ in methanol.4 Fortunately the corre- 
sponding 4-chloro-NN-dimethyl-3 : 5-dinitrobenzamide behaves normally, and since the 
values of the Hammett constants for both the series are known with a high degree of 
precision ™ a reliable estimate of the S.R.F. of CO-NMe, in the mononitro-series is easily 
made if no side-reactions occur. In any case the ratio of X = NMeg is so large that the 
conclusions do not depend on the accuracy of the estimate. Models of SO,-NMe, and 
other SO,*X groups indicate that steric factors should be unimportant, particularly when 
the d, nature of the SO double bond is taken into account. 

The SO,*X/COX ratio for X = O- is little more than unity, as compared with about 7 
for X = Me and Ph, and a “ true” value of the same order which can be reasonably 
estimated for X == NMe,. Since the ratio greater than unity has been ascribed to the 

I effect, and since this is much smaller in the anionic groups the reduced value is to be 
expected, 


EXPERIMENTAL 


Runs were carried out with equimolar concentrations of reagents or about 40% excess of 
base (300%, excess for the sulphonamide). In some cases the concentration of aromatic com- 
pound was 0-026m, and in others 0-05m. Rate constants (k,) were obtained by graphical plots 
after estimation of Cl~ potentiometrically in aliquot parts “ quenched "’ in excess of chloride- 
free dilute nitric acid or by potentiometric back-titration of acid after ‘‘ quenching " in a known 
amount of dilute hydrochloric acid. Constants were measured at not less than three temper- 
atures for each compound over a range 25--—40°, and the Arrhenius parameters (£ and log,, B) 
were obtained by least-squares analysis of not less than six separately determined values of 
log yo 4%, and reciprocal temperature. The estimated error in E is +4400 cal., and in logy, 
B +03, The“ probable error ’’ by least squares was always less than this, ¢.g., for 4-chloro-3- 
nitropheny! methyl sulphone E = 18,660 + 100; log,, B 11-13 4 0-06. 


* Klevens and Platt, J. Amer. Chem. Soc., 1949, 71, 1714. 
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A typical run, for 4-chloro-N -methyl-3-nitro-N-benzenesulphonamide at 25-9°, is shown. 
Log term -» O1DIT 2057 2183 2397 2613 2945 3286 3642 3973 
Fime (min.)  «....- 0 20 40 70 100 150 200 250 300 

kh, (graph): 1-964 x 101, mole! sec,~'; hk, (least squares) : 1-967 + 0-004 x 10°*1. mole” sec.”! 


Vaterials.-Polassium 4-chlovo-3-nitrobenzenesulphonate, A modification of Gunstone and 
Tucker's procedure * was used in which chlorobenzene was sulphonated with 10% oleum at 40°, 
then nitrated by added potassium nitrate at 35° for 24 hr. The product was washed, refluxed 
with benzene, washed, recrystallised from water, washed with methanol, and dried at 100° 

4-Chlovo-3-nitrobenzenesulphonyl chloride. The potassium sulphonate was treated with 
phosphorus pentachloride and oxychloride. After recrystallisation from light petroleum the 
product had m. p. 62° (lit.,4 40-—41°, 61°, 61—62°, 101—102°) 

4-Chlovo-3-nitrobenzenesulphonamide, This was obtained in 65% yield by reaction of the 
sulphonyl chloride with ammonia in acetone at room temperature and formed pale yellow 
needles, m. p. 175-6° (lit., 175-—176°), from methanol, 

4-Chlovo-3-nitrobenzenesulphonpiperidide, The sulphony! chloride (5 g.) was allowed to react 
with piperidine (3-3 g.) in acetone (20 ml,) for 1 hr, at room temperature, The piperidide 
70%), precipitated by water, recrystallised from methanol as pale yellow needles, m. p. 132° 
(hound: C, 438-8; H, 44, C,,HyO,N,SCl requires C, 43-4; H, 43%). 

t-Chlovo-N N-dimethyl-3-nitrobenzenesulphonamide, The sulphonyl chloride (5 g.) and 
dimethylamine (4-5 g.) in acetone (10 ml.) (1 hr, at room temp.) gave the amide, pale yellow 
needles (from methanol), m, p. 103-5° (Found: C, 36-8; H, 3-6; Cl, 13-8. C,H,O,N,SCI 
requires C, 36-3; H, 3-4; Cl, 13-4%). 

4-Chloro-N-methyl-3-nitro-N-phenylbenzenesulphonamide, ‘The sulphonyl chloride (5 g.) in 
acetone (20 ml.) with N-methylaniline (2-1 g.) (2 hr. at room temp.) gave the amide, pale yellow 
needles (from methanol), m, p. 103° (Found ; C, 47-7; H, 3-4; 0,194, C,,H,,O,N,SCI requires 
C, 47-8; H, 84; O, 19-6%). 

4-Chloro-3-nitrophenyl methyl sulphone. See ref. 14 

4-Chlovo-3-nitrophenyl phenyl sulphone. Prepared in 15% yield by a_ Friedel-Crafts 
reaction * and crystallised from benzene~methanol, this had m, p. 127°. 

Products.-The expected methoxy(hydroxy for the sulphonate)-products were isolated in all 
cases, 48 follows; 4-Hydroxy-3-nitrobenzenesulphonic acid trihydrate, m, p. 49°. 4-Methoxy 
$-nitrobenzenesulphonamide,* m. p. 147°. 

4-Methoxy-3-nitrobenzenesulphonpiperidide, after recrystallisation from methanol, had m. p 
122-5° (Found: C, 485; H, 5-8; O, 26-6; S, 10-85. C,,H,,O,N,5 requires C, 48-0; H, 5-4; 
©, 26-6; S, 10-7%). 

4-Methoxy-N N-dimethyl-3-nitrobenzenesulphonamide, recrystallised from methanol, had m. p 
110-5° (Found: C, 41-8; H, 4:8; O, 30-7. C,H,,O,N,5 requires C, 41-5; H, 4-65; O, 30-7%) 

4. Methoxy-N-methyl-3-nitvo-N-phenylbenzenesulphonamide (from methanol) was very pale 
yellow and had m, p. 121° (Found; C, 52-1; H, 48; O, 24-8; S, 10-2. C,,H,,O,N,5 requires 
C, 62-2; H, 4-4; O, 24-8; S, 9-95%) 

4-Methoxy-3-nitrophenyl methyl sulphone ® had m. p. 145-5° (Found: C, 41-55; 

O, 34-6. Cale. for C,H,NO,S: C, 41-8; H, 4:1; O, 346%). 

4-Methoxy-3-nitrophenyl phenyl sulphone (from methanol) had m. p. 92° (Found ; C, 53-2; 

3:8 10-9, Cy,H,,NO,S requires C, 53-3; H, 3-9; S, 11-0%) 


M. p.s are corrected. Analyses are by Dr. W. Zimmerman, Microanalytical Laboratory, 
C.5.1.4.0., Melbourne 


UNIVERSITY OF W8STERN AUSTRALIA, 
NEDLANDS, W.A., AUSTRALIA. Received, February 13th, 1956 


** Gunstone and Tucker, J, Appl. Chem., 1952, 2, 205 

** Kespectively, Fischer, Ber., 1891, 24, 3190; Seymour, Salbin, and Jones, U.S.P. 2,511,547; 
McNalley and Dickey, B.I’. 585,940; U.S.P. 2,391,180. 

** Kulka, /. Amer. Chem. Soc., 1960, 72, 1215. 

2? Loudon, /., 1936, 221 
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* Gnehm and Knecht, /. prakt. Chem., 1906, 74, 96 

*” Bunnett, Draper, jun., Ryason, Noble, jun., Tonkyn, and Zahler, J. Amer. Chem. Soc., 1953, 
75, 642 
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453. Stereochemical Aspects of Aromatic Substitution. Part I. 
peri-Derivatives of Naphthalene. 
By F. Bett, J. A. Gipson, and R. D. Wirson, 


_ 


The influence of steric factors in substitution reactions of 2; 7 dihydroxy- 
and 2 : 7-diamino-naphthalenes is discussed, and additional evidence obtained 
that one of the bromine atoms in dibromo-2 : 7-dihydroxynaphthalene is in 
position 6. 


ALTHOUGH the influence of steric factors on the course of aromatic substitution has been 
frequently discussed few examples are known in which the structure of the final product 
can be definitely attributed to steric causes. Of particular interest would be the study of 
the substitution of compounds in which the product expected from normal orientation 
principles would be subject to considerable steric strain. For example, 2 : 7-diamino- 
and 2: 7-dihydroxy-naphthalene would be expected to undergo halogenation in positions 
1: 8 in view of the well established reactivity of the 1-position in $-naphthylamine and 
8-naphthol compared with the inertness of the 3-position. Since, however, the distance 
between the carbon atoms in positions 1 : 8 is only 2-46 A it would clearly be impossible 
to introduce two iodine atoms of covalent radius 1-33 A in positions 1:8 without the 
iodine atoms’ either departing from the plane of the naphthalene or undergoing a consider- 
able lateral displacement, which would be opposed by the amino- or hydroxyl groups. Again, 
although bromine has a covalent radius of only 1-14 A to this must be added the van der 
Waals envelope to obtain the effective size of the atom except in the direction of the bond. 
It is doubtful whether two bromine atoms could be accommodated in the 1 : 8-positions 
without distortions similar to those previously recognised by de Laszlo,' Sutton,* and 
Donaldson and Robertson * in certain naphthalene derivatives. 

The literature relevant to this topic is slight. No experiments on the iodination of 
appropriate compounds have been recorded, Scholl, Seer, Weizenboch, and Ertl* state 
that bromination of 2: 7-dihydroxynaphthalene, like chlorination,® yields the 1: 8- 
derivative but this is controverted by Ioffe and Fedorova,® who give evidence that bromina 
tion yields successively the 3-bromo-, 3: 6-dibromo-, and 1 : 3 : 6-tribromo-derivatives. 
They found that the mono- and the dibromo-derivative couple with two mols. of diazotised 
p-nitroaniline; so does the tribromo-derivative but this time with expulsion of one bromine 
atom. Fieser and Lothrop’ had already shown that compound (I) would not couple 
with diazotised bases and had concluded that the 3: 6-positions in a 2: 7-dihydroxy- 
naphthalene are inert as regards coupling.* Ioffe and Fedorova adopt this view and it 
appears, therefore, that bromination of 2: 7-dihydroxynaphthalene follows a similar 
course to that of sulphonation.!° These reactions might be regarded as analogous to 
6-nitration in 2-acetonaphthalide."! Furthermore, Sunthanker and Gilman * have 
ascribed structure (I1) to the acid obtained by carboxylation of the lithium derivative of 
2: 7-dimethoxynaphthalene because the phenol (III) derived from it couples with two 
mols. of diazotised sulphanilic acid, Their observation that neither acid (II) nor acid 
(II1) could be dibrominated was taken to indicate the difficulty of disubstitution in 
positions 1: 8. 


* Fieser's very general statement * beginning ‘' lieser and Lothrop investigated various | : 8-dialkyl 
derivatives of 2; 7-dihydroxynaphthalene,”’ although probably correct, cannot be supported from the 
literature. Indeed, simple | ; 8-dialkyl-2 ; 7-dihydroxynaphthalenes have only recently been described ° 
' de Laszlo, Trans. Faraday Soc., 1934, 30, 802 
* Sutton, /., 1949, 2312 
* Donaldson and Robertson, J., 1955, 17 
* Scholl, Seer, Weizenboch, and Ertl, Monatsh, 
® Clausius, Ber., 1890, 23, 526 
* Joffe and Fedorova, J. Gen. Chem. (U.S.5.R.), 1936, 6, 1079 
” Fieser and Lothrop, J. Amer, Chem, Soc., 1935, 57, 1459 
* In Gilman's ‘‘ Organic Chemistry,’’ Wiley, New York, 1947, 
Buu-Hoi and Lavit, /., 1955, 2776 
A. G. Anilinfabrik, D.K.-P. 75,142 
Vesely and Jakes, Bull. Soc. chim. France, 1923, 33, 942 
Sunthanker and Gilman, /. Org. Chem., 1951, 16, 5 
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Adams, Miller, McGrew, and Anderson #4 on the other hand ignore completely the work 
of Joffe and Fedorova and assume that entering groups always take up first position 1 and 
then position 8 in 2: 7-dihydroxy- and 2: 7-dimethoxy-naphthalene. They showed that 
the acid derived from bromo-2 ; 7-dimethoxynaphthalene by metalation with lithium and 
subsequent carboxylation was identical with that obtained from 2 : 7-dihydroxy- 
naphthalene by introduction of the aldehyde group, methylation, and subsequent oxidation ; 
it was given structure (IV). From this acid they derived a number of supposedly pert- 
substituted naphthalenes, e.g., (VI), which were regarded as potentially resolvable owing 
to restricted rotation of the groups in the 1 : 8-positions. If Ioffe and Fedorova are correct 
then Adams and his co-workers were attempting the resolution of compounds such as (V). 


MeO | OMe map | “S) OH 
HO Cn 20H HO, Cx. yen 
ay (it) 


Br = =CH: CMe-CO,H 


an SS OMe gy , _ OMe 
Br “ahereri-ek SY 


r 


(IV) (Vv) (VI) 


It was first necessary to link the experiments of Ioffe and Fedorova with those of Adams 
cl al, This was done by establishing the identity of mono- and di-brominated 2 ; 7-di- 
methoxynaphthalenes with methylated mono- and di-bromo-2 : 7-dihydroxynaphthalenes. 
Additional evidence was now required with regard to the position of the bromine atoms, 
and strong confirmatory support for Ioffe and Fedorova’s formula for dibromo-2 : 7- 
dihydroxynaphthalene (VII) was obtained by showing that the product obtained by its 
chlorination (VIII) was identical with that obtained by the bromination of Clausius’s 
dichloro-2 : 7-dihydroxynaphthalene (1X). 


co) ©! cl 


HO oO 


(Vil) 


ci ¢) 
MeO(— ome 


Br S | ZA br 


~~ 


(X1) (Xt) (XII) 


Dichlorination of 2: 7-dihydroxynaphthalene gave rise not only to the phenol (IX), 
but to a trichloroquinone, regarded as (X), which could be easily reduced to (IX). Similarly 
chlorination of dibromo-2: 7-dihydroxynaphthalene gave rise to a trichloroquinone, 
probably of structure (X1), since it can be smoothly reduced to the phenol (VIII). Methyl 
ation then gave a dimethyl ether regarded as (X11), which on oxidation with chromic acid 


* Adams, Miller, McGrew, and Anderson, J. Amer. Chem. Soc., 1942, 64, 1795. 
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gave a bright yellow compound regarded as essentially 2: 7-dibromo-5-chloro-3 : 6- 
dimethoxy-1 : 4-naphthaquinone (XIII), by analogy with the oxidation products obtained 
from 1-bromo-, | : 6-dibromo-, and 1 : 4-dichloro-2-methoxynaphthalenes. 

Although Ioffe and Fedorova apparently found it necessary to employ a catalyst to 
cause bromine to enter tribromo-2 : 7-cdihydroxynaphthalene to yield the tetrabromo- 
derivative, it is now found that this reaction proceeds with considerable ease.* Similarly 
one atom of chlorine enters to give most probably the compound (XIV). Further, dibromo- 
2 : 7-dimethoxynaphthalene gave a tetrabromo-derivative and 2 : 7-dimethoxynaphthalde- 
hyde gave di- and tribromo-derivatives. It appears, therefore, that steric inhibition of 
substitution is slight and that out-of-plane movements allow fairly ready entry of bulky 
substituents into the 1 ; 8-positions of naphthalene. 

Next was examined the halogenation of 2 : 7-ditoluene-p-sulphonamidonaphthalene, 
Even with considerable excess of iodine or bromine only monosubstitution products 
were obtained. With chlorine, on the other hand, a tetrachloro-derivative was readily 


ral Cc) Br Cl Cl, 


NTos Tos*HN SNH Tos TosN | NTos 
oe 


(XV) (XVI) (XVI) 
( Tos = p-C,H, Me: SO, ) 


produced, which is regarded as (XV) since it was easily reduced to a dichloro- 
derivative (XVI), which in turn was smoothly hydrolysed to a dichloro-base. In 
accordance with this view the above mentioned monobromo-derivative was readily con- 
verted by the action of chlorine into a monobromotrichloro-compound, regarded as (XVII), 
which could be reduced to the same dichloro-derivative. Similar compounds were not 
produced from 1 ; 8- and 2 : 3-ditoluene-p-sulphonamidonaphthalenes, which gave normal 
substitution products. 
EXPERIMENTAL 


2: 7-Dihydroxynaphthalene was prepared by Chakravarti and Pasupati’s method,“ 

Monobromination of 2: 1-Dihydroxynaphthalene.—The phenol (3 g.) in acetic acid (30 c.c.) 
was treated with bromine (3 g., carried in by carbon dioxide), and the resultant solution poured 
into water. The solution was partially evaporated, the product dried and dissolved in benzene, 
and the solution diluted with light petroleum. By crystallisation of the crop from aqueous 
ethanol the 3-bromo-compound was obtained in needles, m. p. 134—-135° (Ioffe and Fedorova ¢ 
give m. p. 135°). 

Dibromination of 2: 71-Dihydroxynaphthalene,—-The product obtained as above but with 
2 mols. of bromine, recrystallised from acetic acid to give the dibromo-derivative (VII), m. p. 
153°. 

2-Bromo-3 : 6-dimethoxynaphthalene.—-This was obtained (a) by shaking a solution of the 
above monobromo-compound in sodium hydroxide with dimethyl sulphate, or (b) by intro- 
ducing bromine (1 mol.) by means of dry carbon dioxide into a cold chloroform solution of 
2: 7-dimethoxynaphthalene, (Direct addition of the bromine to the chloroform solution 
resulted always in the production of appreciable amounts of the dibromo-derivative.) It 
crystallised from methanol in needles, m. p. 78° (Adams ef al,"* give m. p, 88°) (Found: C, 54-2; 
H, 4-0. Calc, for C,,H,,O,Br: C, 63-9; H, 41%). 

* It may be argued, therefore, that steric opposition to entry of a first halogen atom into position | 
of 2: 7-dihydroxynaphthalene must be very ht indeed. loffe and Fedorova’s monobromo-2 : 7-di- 
hydroxynaphthalene might then be the 1-bromo-derivative if it is admitted that such a compound 
might — with two mols, of diazotised p-nitroaniline. There is no unambiguous evidence against 
this possibility. Both Joffe and Fedorova's dibromo-2: 7-dihydroxynaphthalene and Clausius’s 
dichloro-2 : 7-dihydroxynaphthalene would then be regarded as | ’ 6-dihalogenated compounds and 


both, on further halogenation, could yield 1 : 6-dibromo-3 : &-dichloro-2 : 7-dihydroxynaphthalene, 
which would be an alternative structure for (VIII). The authors are indebted to the Referees for this 


suggestion, 
“ Chakravati and Pasupati, J., 1937, 1860. 
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2: 7-Dibromo-3 : 6-dimethoxynaphthalene was obtained (a) by methylation of dibromo-2 : 7- 
dihydroxynaphthalene (above) and (b) by bromination of 2; 7-dimethoxynaphthalene. It 
crystallised from methanol in needles, m. p. 131° (Found: C, 420; H, 2-8. C,,H,,O,Br, 
requires C, 41-6; H, 29%). 

1: 3: 6-Tvibromo-2 : 7-dimethoxynaphthalene, prepared by the methylation of 1:3: 6- 
tribromo-2 ; 7-dihydroxynaphthalene,* crystallised from methanol in needles, m. p. 173° 
(Found ; C, 33-9; H, 2-1. C,,H,O,Br, requires C, 33-9; H, 2-1%). 

1: 3: 6: 8-Tetvabromo-2 : 7-dimethoxynaphthalene, readi}y obtained by the addition of 
bromine to a solution of the dibromo-derivative in acetic acid, crystallised from acetic acid in 
needles, m. p. 196° (Found: C, 26-6; H, 1-6. C,,H,O,Br, requires C, 28-9; H, 1-6%). 

Dibromo-2 : 1-dihydroxy-\-naphthaldehyde was obtained by the addition of bromine (1 c.c.) 
in acetic acid (6 ¢.c.) to 2: 7-dihydroxy-l-naphthaldehyde ™ (1 g.) in acetic acid (15 c.c.). 
After 2 hr, the precipitate was filtered off and recrystallised from acetic acid to give needles, 
m. p. 176° (decomp.) (Found: C, 38-2; H,1-8. C,,H,O,Br, requires C, 38-1; H, 17%). By 
use of twice the above amount of bromine there could be isolated a tribromo-derivative, which 
formed needles, m. p, 178°, from acetic acid (Found: C, 31-2; H, 1-3. C,,H,O,Br, requires 
C, 31-1; H, 2%). 

Chlorination of 2: 7-Dihydroxynaphthalene.—(a) An attempt to repeat the preparation of 
1: 8-dichloro-2 ; 7-dihydroxynaphthalene by the method of Clausius® failed, The final 
product, a very viscous, orange material, resisted efforts to crystallise it, (6) Dihydroxy 
naphthalene (2-3 g.) was added to sulphuryl chloride (5-7 g.) to form a paste, which, after 2 hr., 
was warmed in hot water for 4 hr. Volatile material was subsequently removed under 
diminished pressure. The residual yellowish-green solid was repeatedly recrystallised from 
acetic acid and finally gave | : 8-dichloro-2 ; 7-dihydroxynaphthalene (IX) (0-2 g.) as needles, 
m. p. 188° (Clausius gives m. p. 192%). (c) The following procedure gave two products. 
Chlorine was passed into a solution of 2: 7-dihydroxynaphthalene (1-38 g.) in acetic acid (12 
c.c.) cooled by water, Chlorination was interrupted shortly aftersthe first appearance of a 
pale yellow precipitate (A), which was filtered off. The filtrate was treated with more chlorine 
until, in all, there had been used 1-3 times the stoicheiometric weight required for production 
of the dichloro-derivative. A further precipitate (B) was thereby obtained. Recrystallisation 
of (A) from acetic acid gave light grey needles (0-28 g.), m. p. 189°, of 1 : 8-dichloro-2 : 7-di- 
hydroxynaphthalene. Product (B) from acetic acid gave bright yellow crystals (0-45 g.), 
m. p. 182-—183° (decomp.), regarded as 1; 1 : 8-trichloro-1 : 2-dihydro-7-hydroxy-2-oxonaphtha- 
lene (X) (Found; C, 45-8; H, 2-2; Cl, 40-2. C,,H,O,Cl, requires C, 45-6; H, 1-9; Cl, 40-4%). 
When zinc dust was added to the yellow solution in acetic acid the colour was immediately 
discharged and 1 ; 8-dichloro-2 ; 7-dihydroxynaphthalene was produced, 

3: 6-Dibromo-1 : 8-dichloro-2 : 1-dihydroxynaphthalene (VII1).—(a) A solution of sulphuryl 
chloride (3-4 g.) in chloroform (7 c.c.) was poured into a solution of 2: 7-dibromo-3 : 6-di- 
hydroxynaphthalene (2-7 g.) in chloroform (55 ¢.c.). Next morning most of the chloroform 
was distilled off and the dark brown, sticky product repeatedly recrystallised from acetic acid 
and finally benzene to afford the tetrahalogeno-compound as needles, m. p. 204—~205° (Found : 
C, 30-8; H, 13; Br, 40-7; Cl, 184. C,,H,O,Cl,Br, requires C, 31-0; H, 1-0; Br, 41-3; Cl, 
183%) (0-06 g.) 

(6) Bromine (0-2 g.) in acetic acid (1 c.c.) was added to a solution of 1 : 8-dichloro-2 : 7- 
dihydroxynaphthalene (0-054 g.) in acetic acid (2 c.c.), and the mixture heated on a wate: 
bath for } hr. On cooling, there separated pale pink needles, m. p. 204°, alone or mixed with 
the compound prepared by method (a). 

3: 6-Dibromo-1 : 1: 8-trichloro-1 : 2-dihydro-7-hydroxy-2-oxonaphthalene (XI) was obtained 
by passing chlorine (1-01 g.) into a cold solution of 2: 7-dibromo-3 : 6-dihydroxynaphthalene 
(2-17 @.) in acetic acid (20 ¢.c.). The resultant yellow precipitate was dissolved in acetic acid, 
and the solution was cooled and filtered from a small crop, which yielded no definite compound. 
On concentration of the filtrate the pentahalogeno-compound was obtained as orange crystals 
(6-9 g.), m, p. 160—163°, which after recrystallisation from acetic acid formed platelets, m. p. 
166° (Found: C, 27-9; H, 09; Halogen, 63-5. C,,H,O,Cl,Br, requires C, 28-5; H, 0-7; 
Halogen, 63-2%). 

lhe original mother-liquor, when poured into water, gave a sticky, deep yellow precipitate 
from which, after repeated recrystallisations from acetic acid, there was isolated 3 : 6-dibromo- 
1 : 8-dichloro-2 ; 7-dihydroxynaphthalene (0-04 g.). 

1: 3: 6-Tribromo-8-chloro-2 : 7-dihydroxynaphthalene (XIV) was obtained by passing chlorine 
(0-062 ¢.) into a solution of 1 ; 3: 6-tribromo-2 : 7-dihydroxynaphthalene * (0-22 g.) in acetic 
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acid (10 c.c.). The resultant precipitate (0-16 g.), m. p. 199°, after recrystallisation from acetic 
acid formed pink needles, m. p. 200° (Found ; C, 28-0; H, 1-2. C,.H,O,CIBr, requires C, 27-8; 
H, 0-9%). The mixed m. p. with 1; 3: 6-tribromo-2 : 7-dihydroxynaphthalene, m, p, 198-—200°, 
was 174-—183°. 

3: 6-Dibromo-1 : 8-dichloro-2 : 7-dimethoxynaphthalene (X11) prepared by shaking a solution 
of the corresponding dihydroxynaphthalene in sodium hydroxide with dimethyl sulphate, 
formed lustrous plates, m. p. 150° (Found: C, 35-1; H, 2-2. C,,H,O,Cl,Br, requires C, 34-7; 
H, 19%). To this dimethoxy-compound (0-13 g.) in acetic acid (20 c.c.) was added chromium 
trioxide (0-47 g.) in water (1-5 c.c.). After 5 min. at 20° the product was poured into water 
(150 c.c.), and the yellow precipitate (0-06 g.; m. p. 152-—-153°) recrystallised twice from ethanol, 
to give impure 2: 7-dibromo-5-chloro-3 : 6-dimethoxy-1 : 4-naphthaquinone (XIII) as orange 
yellow needles, m. p. 157° (Found: C, 36-1; H, 1-9; Halogen, 48-5. Cale, for C,,H,O,Br,Cl : 
C, 35-1; H, 1-7; Halogen, 47-6%). The reason for the poor analysis was not found; a new 
sample submitted to a different analyst furnished similar results 

Oxidation of Derivatives of 2-Methoxynaphthalene.—(a) 1-Bromo-2-methoxynaphthalene. 
Chromic acid (4 g.) in water (10 c.c.) was added to the compound (2 g.) in acetic acid (40 c.c.) 
kept at <55°, After 2 hr. the mixture was poured into water, and the precipitate purified by 
repeated crystallisation from benzene. 5-Bromo-6-methoxy-1 : 4-naphthaquinone was obtained 
in golden needles, m. p. 200° (Found; C, 49-0; H, 2-8. C,,H,O,Br requires C, 49-5; H, 2.6%), 
which dissolved in sulphuric acid with a deep damson colour 

(b) 1: 4-Dichloro-2-methoxynaphthalene. Chromic acid (83 g.) in water (21 c.c.) was added 
to the compound (2-5 g.) in acetic acid (83.c.c.) at 50°. After 3 hr. the mixture was poured into 
water, and the precipitate recrystallised from ethanol. 5 : 8-Dichloro-6-methoxy-1 : 4-naphtha 
quinone was obtained in yellow needles, m. p. 217° (Found: C, 51-5; H, 23; Cl, 28-6, 
C,,H,6,Cl, requires C, 51-4; H, 2:3; Cl, 27-6%) 

(c) 1: 6-Dibromo-2-methoxynaphthalene. Chromic acid (6 g.) in water (15 c.c.) was added 
to a suspension of the compound (3-8 g.) in acetic acid (76 c.c.) at 50°. Then the temperature 
was raised to 65° and the mixture allowed to cool during 2 hr. The yellow precipitate was 
filtered off and recrystallised from acetic acid, to give 2: 5-dibromo-6-methoxy-1 : 4-naphtha- 
quinone as golden-yellow needles, m. p. 203-—205° (Found: C, 381; H, 16. C,,H,O,Br, 
requires C, 38:1; H, 1-7%). The filtrate wag poured into water, and the precipitate recrystal 
lised from acetic acid and then benzene, to give 6-bromo-2-methoxy-1 : 4-naphthaquinone as pale 
yellow needles, m, p. 222—-224° (Found: C, 493; H, 25. C,,H,O,Br requires C, 49-5; 
H, 2-6%). 

2: 7-Diaminonaphthalene.—-2 : 7-Dihydroxynaphthalene (5 g.), saturated ammonium sul 
phite solution (40 c.c.), and aqueous ammonia (15 c.c., d 0-88) were heated together at 170-175” 
for 6 hr. The resultant solid was first extracted with sodium hydroxide solution, and the 
residue taken up in hydrochloric acid. On reprecipitation the diamine had m. p. 166-—-167° 
(3-5 g.). With toluene-p-sulphonyl chloride in pyridine it gave 2 : 7-ditoluene-p-sulphonamido 
naphthalene, which formed needles, m. p. 198”, after repeated recrystallisation from ethanol 
(Found: C, 61-4; H, 5-2; N, 6-2. C,,H,,O,N,5, requires C, 61-8; H, 4-7; N, 60%) 

Iodination of 2: 7-Ditoluene-p-sulphonamidonaphthalene,-lodine monochloride (1 g.) was 
added to the sulphonamide (0-75 g.) in pyridine, and the mixture boiled gently for 20 min, The 
precipitate obtained on addition of hydrochloric acid was repeatedly crystallised from acetic 
acid, to give x-iodo-2: 7-ditoluene-p-sulphonamidonaphthalene as fawn needles, m, p, 186” 
(Found: I, 21-1. C,,H,,O,N,S,1 requires I, 21-4%) 

Bromination of 2: 7-Ditoluene-p-sulphonamidonaphthalene Bromine (1-5 g.) in chloroform 
(10 ¢.c.) was added to a hot solution of the sulphonamide (1 g.) in chloroform (30 ¢.c.) and the 
mixture boiled for 2 hr. The crystalline deposit (1 g.) obtained on cooling was repeatedly 
recrystallised from acetic acid and gave x-bromo-2 : 7-ditoluene-p-sulphonamidonaphthalene 
as needles, m. p, 213° (Found: C, 52-9; H, 3-6. C,,H,,O,N,S,Br requires C, 52-8; H, 38%) 

Chlorination of 2: 7-Ditoluene-p-sulphonamidonaphthalene,-Excess of chlorine was passed 
into a boiling solution of the sulphonamide (2 g.) in chloroform (30 c¢.c.). The resultant dark 
solution was evaporated and the residue rubbed with light petroleum, yielding a cream-coloured 
powder. This on recrystallisation from acetic acid gave 1:1: 8: 8-tetrachloro-1:2:7:8 
tetrahydvo-2 ; 7-ditoluene-p-sulphonimidonaphthalene (XV) as prisms, m, p, 193° (1-7 g.) (Found 
C, 48-0; H,3-6; Cl, 22-7. C,,H,,0,N,5,Cl, requires C, 47-6; H,3-0; Cl, 23-5%), On addition 
of zinc dust to a boiling solution of the tetrachloro-compound in acetic acid the solution became 
first deep-yellow and finally colourless, The filtered solution deposited needles, which after 
recrystallisation from acetic acid gave | : 8-dichloro-2 : 7-ditoluene-p-sulphonamidonaphthalene 
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(XVI) as needles, m. p, 219° (Found: Cl, 13-7. CygHyO,N,S,Cl, requires Cl, 13-32%). Both 
these chloro-compounds were unchanged after treatment with bromine in chloroform. 

1 : 8-Dichloro-2 ; 7-diaminonaphthalene, obtained by dissolution of the above dichloro- 
derivative in cold sulphuric acid, crystallised from ethanol in slightly brown needles, m. p. 
169° (Found: C, 63-3; H, 3-6. C,,H,N,Cl, requires C, 52-9; H, 3-5%). 

Chlorination of Bromo-2 : 1-ditoluene-p-sulphonamidonaphthalene.—-Chliorine (3 mols.) was 
led into a boiling solution of the compound (6-2 g.) in chloroform (200 c.c.), The orange- 
coloured solution was evaporated and the residue rubbed with light petroleum. The product 
was taken up in hot acetic acid and on cooling gave a crystalline deposit of the original compound 
(264.). The filtrate was poured into water, and the precipitate dried and boiled with a limited 
amount of ethanol, which removed more of the unchanged compound. The residue, after 
repeated recrystallisation from ethanol to remove considerable amounts of the 1:1: 8: 8- 
tetrachloro-compound (above), gave 1-bromo-1: 8: 8-trichloro-1 : 2:7: 8-tetrahydro-2 : 7-di- 
toluene-p-sulphonimidonaphthalene (XVII) as needles, m. p. 177° (Found: C, 442; H, 3-0. 
Cy, ,O.N,S, BrCl, requires C, 44-4; H, 28%). On treatment with zinc dust in boiling acetic 
acid solution this bromotrichloro-compound gave | : 8-dichloro-2 ; 7-ditoluene-p-sulphonamido- 
naphthalene (above). 

Bromination of 2: 7-Diaminonaphthalene.—(a) Bromine (0-28 c.c.) in acetic acid (3-5 c.c.) 
was added to the diamine (0-81 g.) in acetic acid (16 ¢.c.). Immediate precipitation of a hydro- 
bromide occurred. After 1 hr. this was filtered off and decomposed by sodium hydroxide, to 
give x-bromo-2 : 7-diaminonaphthalene, m. p. 135° after recrystallisation from ethanol (Found : 
C, 60-0; H, 3-7. Cy H,N,Br requires C, 50-6; H, 38%). (6) Experiments as in (a) but with 
2 or 3 mols. of bromine gave only brown amorphous powders. 

Chlorination of 1 : 8-Ditoluene-p-sulphonamidonaphthalene..-Excess of chlorine was passed 
into a boiling solution of the compound ™ (2 g.) in chloroform (35 c.c.), and the resultant brown- 
coloured solution evaporated. The resinous product, on successive recrystallisation from 
acetic acid, ethanol and acetic acid, gave 2:4: 7(?)-trichloro-1 ; 8-ditoluene-p-sulphonamido- 
naphthalene as needles, m. p. 233° (Found: C, 60-56; H, 3-0. Cy H,O,N,5,Cl, requires C, 50-6; 
H, 33%). The suggested orientation is by analogy with the bromination of | : 8-diamino- 
naphthalene. 

2: 3-Ditoluene-p-sulphonamidonaphthalene, prepared from the base, crystallised from acetic 
acid in needles, m. p, 193° (Found ; C, 61-8; H, 46. C,H ,O,N,S, requires C, 61-8; H, 4-7%). 
Excess of chlorine was passed into a solution of this compound (1-8 g.) in boiling chloroform 
(30 c.c.), and the solution allowed to cool. The crystalline deposit, m. p. 262—264°, was 
recrystallised from benzene and gave the dichloro-derivative in needles, m. p. 264° (1-5 g.) (Found : 
C, 644; H, 3-6. C,y,H,,O,N,5,Cl, requires C, 53-8; H, 3-7%). 

One of the authors (R. D. W.) is indebted to Messrs. Scottish Oils, Ltd., for laboratory 
facilities for some of this work. 

Hinriot-Watr CoLt_ece, Evinsurcu Received, February 16th, 1956 
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454. NSlereochemical Aspects of Aromatic Substitution. Part 11.* 
Derivatives of tert.-Butylbenzene. 


By F. Beir and R. D. Wirson. 


An attempt has been made to introduce bromine atoms into positions 
2: 6 in reactive fert.-butylbenzene derivatives, In no example studied was 
it possible to introduce more than one bromine atom. 


ALtnoucn many derivatives of tert.-butylbenzene are known in which the fert.-butyl 
group has a nitro-group on each side, ¢.g., (I),1 or even a halogen atom and a nitro-group, 
eg., (I1),* no examples appear to exist in which this group is flanked by two chlorine or 


* Part I, preceding paper, 


‘ Carpenter, Easter, and Wood, J]. Org. Chem, 1951, 16, 586 
* Carpenter and Easter, thid., 1954, 19, 77. 
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two bromine atoms. Using ordinary space-filling models it is impossible to construct 
molecules of this type and it was thought of interest to attempt the preparation of such 
bromo-compounds. 

m-tert.-Butylaniline was first selected for study because steric hindrance effects appear 
to be negligible in m-toluidine and its derivatives. m-Toluidine and its benzenesulphonyl 
and toluene-p-sulphonyl derivative can be readily tribrominated. 4-Chloro-3-methyl- 
benzenesulphonanilide undergoes chlorination in the 2-position instead of in the more 
exposed 6-position * and even on bromination gives a mixture of the 2- and the 6-bromo- 
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compound, both of which are readily converted into the 2: 6-dibromo-derivative. It 
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would be expected, therefore, that, except on steric grounds, 3-tert.-butyl-N-toluene-p-sul 
phonylaniline would readily yield an analogous tribromo-derivative. It was found, 
however, that only a dibromo-derivative was produced even when a very large excess of 
N-bromosuccinimide was employed. Similarly m-tert.-butylaniline could be smoothly 
mono- and di-brominated but with excess of bromine gave a resin. In these reactions 
position 6 is first entered. 

Again, since the dibromo-derivative (IV) is very readily prepared from 2 : 5-xylidine 
it appeared of interest to examine the bromination of 2 : 5-di-tert.-butylaniline (V), Mono- 
bromination either of the base or of its toluene-/-sulphonyl derivative (IX) occurred 
very readily, leading to almost quantitative yields of, probably, compounds (X) and 
(VIII) respectively. Further bromination was not smooth: bromine was absorbed but 
only oils were obtained and it appears likely that partial or total replacement of fert.-butyl 
groups had occurred since on nitration of either bromo-derivative (VIII) or (IX) one 
tert.-butyl group is displaced by a nitro-group, giving probably compounds (VII) [alter- 
natively prepared from (II1)} and (XIV). 

It was then hoped to examine the bromination of the di-tert,-butyl-amine (XI), which 
appeared to be available from commercial 2 : 4-di-tert.-butyl-5-methylphenol by nitration, 
methylation, and reduction. However, on nitration only 4: 6-di-tert.-butyl-3-methyl- 
2: 4-dinitrocyclohexa-2 : 5-dienone, 6-tert.-butyl-3-methyl-2 : 4-dinitrophenol, and 3- 
methyl-2 : 4: 6-trinitrophenol could be isolated, in agreement with similar experiments 
by Albert and Sears. A compound (VJ), analogous to the first mentioned, was prepared 

* Raper, Thompson, and Cohen, J., 1964, 85, 375 

* Albert and Sears, /. Amer, Chem. Soc., 1964, 76, 4979 
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from 2: 6-di-tert.-butyl-4-methylphenol, but this underwent decomposition without simple 
displacement, owing to the inability of the methyl group to be expelled as methylene. 
by starting, however, with 2 : 4-di-tert.-butyl-5-methylphenyl methyl ether a mononitro- 
derivative could be isolated, in somewhat small yield, and this was reduced to the amine 
(XI). This base reacted with bromine in acetic acid to give only oils; its toluene-p- 
ulphony] derivative was unchanged even after treatment with such a vigorous brominating 
agent as N-bromosuccinimide in pyridine. 

1-tert.-butyleatechol might by analogy with catechol be expected to yield a tribromo- 
derivative (XII). Although mono-bromination went very smoothly, to give probably 
(XIII), further bromination resulted in complex mixtures from which only tri- and tetra- 
bromocatechols could be isolated. Interaction with nitric acid gave only the quinone 
(XV), more advantageously prepared by use of nitrous acid. 


EXPERIMENTAI 
2: 4-Dibromo-5-methyl-N -toluene-p-sulphonylamline was obtained by addition of bromine 
(2 mols.) in chloroform to a solution of N-toluene-p-sulphonyl-m-toluidine in chloroform, 
warming to expel hydrogen bromide, and dilution of the solution with light petroleum. After 
repeated recrystallisation from acetic acid or ethanol it formed prisms, m. p. 152° (Found 
C, 40-3; H, 29. C,,H,,0,NSBr, requires C, 40-1; H, 3-1%), and was slowly dissolved by cold 
ulphuric acid to give 2: 4-dibromo-5-methylaniline, which formed needles, m. p. 75°, from 
ethanol (acetyl derivative, m. p, 172°, from acetic acid).® 
lodine monochloride (up to 10 mols.) did not react with the sulphonyl derivative in cold 
ridine in 1-3 days 
2:4: 6-Tribromo-3-methyl-N-toluene-p-sulphonylaniline was obtained in almost theoretical 
ield by the addition of N-bromosuccinimide (3 mols.) to a solution of N-toluene-p-sulphonyl- 
m-toluidine in pyridine. It crystallised from acetic acid in prisms, m, p. 171° (Found; C, 34-0; 
H, 27. Cy H,.O,NSBr, requires C, 33-8; H, 2-4%,), and was rapidly dissolved . y cold sulphuric 
icid to give 2: 4: 6-tribromo-m-toluidine, m. p, 102°, alone or mixed with a sample prepared 
by Cohen and Dutt’s method ® (acetyl derivative, m, p. 208°; Blanksma’ gives m. p. 205°). 
N-Benzenesulphonyl-4-chlovo-3-methylaniline,Sulphuryl chloride (8 g., 1-2 mols.) was added 
to N-benzenesulphonyl-m-toluidine (11-8 g.). The vigorous reaction was completed on a 
team-bath and the excess of sulphuryl chloride removed under reduced pressure. The product, 
recrystallised from acetic acid and then ethanol, had m. p. 129-—-130° (8 g.). Raper, Thompson, 
nd Cohen,® who used sodium hypochlorite as chlorinating agent, give m, p. 130°. 
Bromination of N-Benszenesulphonyl-4-chloro-3-methylaniline.-Bromine (1-7 mols.) was 
lded to the compound (2-6 g.), dissolved in chloroform, the mixture heated under reflux, and 
the solvent removed, ‘The product, recrystallised from acetic acid and then chloroform, had 
in, p. 121-—-123° (Found: C, 43-1; H, 3-0. C,,H,,O,NBrClS requires C, 43-4; H, 31%) 
‘rom the mother-liquor was isolated an isomeride, which after repeated rec rystallisation from 
chloroform, had m, p. 128—-129°, markedly depressed on admixture with the previous com 
pound (Found; C, 43-3; H, 20%). It is probable that the major product, m. p. 121—123°, 
the 2-bromo-4-chloro-6-methyl derivative and the other the 2-bromo-4-chloro-3-methyl derivative 
Bromination of N-Benzenesulphonyl-2-bromo-4-chloro-5-methylaniline.—To the compound 
24 2.) in pyridine was added N-bromosuccinimide (0-12 g.). After 1 hr, the mixture was 
mposed by addition of hydrochloric acid and the product recrystallised from acetic acid, 
ive N-bensenesulphonyl-2 : 6-dibromo-4-chloro-3-methylaniline, m, p. 189 191° (Found 
$64; H, 20. CysHyO,NBr,CIS requires C, 35-5; H, 23%) The same compound was 
tained by bromination of the isomeride (above) 
N-Bensenesulphonyl-2: 4-dichloro-3-methylaniline,—N-Benzenesulphonyl-m-toluidine (1-32 g.) 
added to sulphuryl chloride (1-73 g.), and the mixture warmed on a steam bath for 5 min. 
of sulphuryl chloride was removed under diminished pressure and the residue recrystal 
lised from acetic acid and then ethanol, giving crystals, m. p. 114° (Raper, Thompson, and 
Cohen * give m p 114°) 
N-Benzenesulphonyl-6-bromo-2 ; 4-dichlovo-3-methylaniline.—N-Bromosuccinimide (1-13  g.) 


evile and Winther, Rev » 1880, 13, O71 
* Cohen and Dutt, /., 1914, 105, 515 
7 Blanksma, Chem, Weekblad, 1909, 6, 717. 


[1956] Stereochemical Aspects of Aromatic Substitution. Part I]. 2343 


was added to N-benzenesulphonyl-2 ; 4-dichloro-3-methylaniline (1-89 g.) in pyridine and, 
after some time, the mixture decomposed by addition of hydrochloric acid, The produet, 
after recrystallisation from chloroform, had m. p. 177—-178° (Found; C, 304; H, 2-4. 
C43H,,O0,N BrCl,S requires C, 39-5; H, 2:5%). 

N-Benzenesulphonyl-4-bromo-3-methylaniline.—A solution of N-benzenesulphonyl-m-tolui- 
dine (4 g.) and bromine (2-9 g.) in chloroform was boiled for 2 hr. and then the solvent was 
distilled off. The product, crystallised first from ethanol and then acetic acid, gave rectangular 
plates, m. p. 129-—-130° (Found: C, 48-1; H, 3-5. C,,H,,O,NBrS requires C, 47-9; H, 37%). 

Attempted Preparation of p-tert.-Butylaniline by the Curtius Reaction.—(a) p-tert.-Butyl- 
benzoic acid was dissolved in a slight excess of thionyl chloride and the product, b. p. 138°/15 
mm., dissolved in acetone and agitated with aqueous sodium azide, The mixture was diluted 
with water and extracted with benzene. The extract was heated on a steam-bath with 3y- 
sodium hydroxide for 2 hr, and the benzene removed in steam (no amine appeared to be present 
in the steam-distillate). The non-volatile solid was extracted with hot acetic acid and the 
residue crystallised from 2-ethoxyethanol, yielding needles of di-(p-tert.-butylphenyl)urea, m, p. 
292° (decomp.) (Found; C, 78-2; H, 8-4. C,,H,,ON, requires C, 77-8; H, 86%). The acetic 
acid extract yielded crystals of pp’-di-tert.-butylbenzanilide, which after two recrystallisations 
from ethanol formed needles, m. p. 158° (Found: C, 81-4; H, 85; N, 4-7. Cy,H,,ON requires 
C, 81-5; H, 8-7; N, 45%). This compound was alternatively prepared by the interaction of 
p-tert.-butylaniline with p-tert.-butylbenzoyl chloride. (6) p-tert.-Butylbenzoyl chloride (10 
c.c.) and sodium azide (5 g.) were boiled together in benzene for 5 hr. 3n-Sodium hydroxide 
(25 c.c.) was then added and heating continued for several hours, The product was then 
worked up as under (a) and with an identical result. 

p-tert.-Butylacetanilide._p-tert.-Butylbenzoic acid (40 g.) was dissolved in a slight excess 
of thionyl chloride, and the excess removed, The product, without further purification, was 
introduced into ammonia solution (200 c.c.; d 0-88) and the resultant amide filtered off and 
dried (m. p, 168°), This was added slowly to hypobromite solution prepared from bromine 
(18 c.c.) and sodium hydroxide (72 g.). When dissolution had occurred the product was slowly 
heated to 100° and then distilled in steam, The resultant oil was separated and acetylated, 
to give p-tert.-butylacetanilide, m. p. 168-—-171° (24 g.). This was converted into m-tlert. 
butylaniline by the method of Carpenter, Easter, and Wood ;! this base with toluene-p-sulphony! 
chloride in pyridine gave m-tert.-butyl-N-toluene-p-sulphonylaniline, which crystallised from 
ethanol in prisms, m, p. 118° (Found: C, 67-5; H, 6-8. C,,H,,O,NS requires C, 67-3; H, 69%). 
This sulphonanilide in chloroform with bromine (1 mole) gave the 2-bromo-5-tert.-butyl derivative 
(Found: C, 53-8; H, 53. C,,H,O,NSBr requires C, 53-4; H, 52%), which crystallised 
from ethanol in prisms, m. p. 131°, alone or mixed with a specimen prepared from 1-bromo 
4-tert.-butyl-2-nitrobenzene, kindly supplied by Mr, J. E. L. 5, Platou, N-Bromosuccinimide 
(2—5 mols.) was added to this monobromo-derivative in pyridine, The product was 2:4 
dibromo-5-tert.-butyl-N -toluene-p-sulphonylaniline, which crystallised from acetic acid in needles, 
m. p. 151° (Found: C, 44-2; H, 40. C,,H,O,NSBr, requires C, 44-2; H, 41%) 

Fuming nitric acid (1 c.c.) in acetic acid (1 ¢.c.) was added to 2-bromo-5-lert,-butyl-N 
toluene-p-sulphonylaniline (1 g.) in acetic acid (3 c.c.). On cooling, prisms were deposited 
which, recrystallised from acetic acid, gave the 4(?)-nifro-derivative, m, p, 144° (Found: C, 47-7; 
H, 4:5. C,,H,,O,BrS requires C, 47-8; H, 45%) 

m-tert,-Butyl-N-toluene-p-sulphonylaniline by the same method gave the 2-nitro-5-tert 
butyl derivative, which crystallised from ethanol in needles, m. p. 103° (Found: C, 68-0; H, 5-4; 
N, 8:2. Cy,HyO,N,5 requires C, 58-6; H, 5-7; N, 81% This nitro-derivative with excess of 
N-bromosuccinimide in pyridine gave an almost quantitative yield of 4-bromo-5-tert.-butyl 
2-nitro-N -toluene-p-sulphonylaniline (VII) (Found: C, 47-7; H, 42. Cy,H yO N,BrS requires 
C, 47-8; H, 45%), which crystallised from ethanol or acetic acid in yellow prisms, m, p. 131° 

Bromination of m-tert.-Butylaniline.—(a) Bromine (1 mol.) in acetic acid was added to the 
base in acetic acid. The bromine was immediately decolorised and a white precipitate separated. 
On addition of water a colourless oil separated, which did not solidify. With acetic anhydride 
it gave 2-bromo-5-tert.-butylacetanilide, which crystallised from ethanol in needles, m. p. 127° 
(Found: C, 53-8; H, 5&7. C,,H,ONBr requires C, 53-3; H, 59%). (b) In a similar experi 
ment but with bromine (3 mols.), the first precipitate redissolved. Addition of water gave a 
black resin. (c) The base in chloroform was added to bromine (3 mols.) in chloroform. The 
mixture remained clear but after some hours a precipitate had been formed. All the chloroform 
was distilled off and the residue decomposed with ammonia solution. The resultant oil was 
dissolved in acetic anhydride, the solution decomposed with water, and the product purified by 
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repeated recrystallisation from ethanol. 2: 4-Dibromo-5-tert.-butylacetanilide was obtained in 
needles, m, p. 143° (Found: C, 41-6; H, 4:3, C,,H,,ONBr requires C, 41-3; H, 43%). 

2: 6-Di-tert.-butyl-N-toluene-p-sulphonylaniline (1X), prepared by the interaction of the 
base! with toluene-p-sulphonyl chloride in pyridine, crystallised from acetic acid in plates, 
m, p. 164° (Found: C, 70-3; H, 7-9. C,,H,,O,NS requires C, 70-2; H, 81%). Addition of 
bromine (1 mol.) in chloroform to this in chloroform gave an almost quantitative yield of 
4(?}-bromo-2 : 6-di-tert.-butyl-N-toluene-p-sulphonylaniline (VIII), which crystallised from acetic 
acid in needles, m. p. 179° (Found : C, 67-6; H, 6-2. C,,H,,O,NSBr requires C, 57-5; H, 64%). 
Addition of N-bromosuccinimide to a pyridine solution of this compound produced a resin. 

4(?)-Bromo-2 : 6-di-tert.-butylaniline (X), prepared by the addition of an acetic acid solution 
of bromine (1 mol.) to a cold solution of 2 ; 5-di-tert,-butylaniline in acetic acid, crystallised from 
ethanol in plates, m, p. 90° (Found: C, 69-0; H, 7-6. C,,H,,NBr requires C, 59-1; H, 78%). 
‘This base in acetic acid reacted rapidly with bromine, but the only crystalline material recovered 
was the hydrobromide of the base; the majority had been converted into a violet paste. 

4-Lromo-b-tert.-butyl-2-nitro-N-toluene-p-sulphonylaniline (VII) was obtained by addition 
of fuming nitric acid (0-5 c.c.) in acetic acid (1 c.c.) to 4(?)bromo-2 : 5-di-tert.-butyl-N-toluene- 
p-sulphonylaniline (0-6 g.) in acetic acid (3 c.c.). The mixture was poured into water and the 
resultant gum crystallised from ethanol and then acetic acid, to give yellow prisms, m. p. 131°, 
identical with those described on p. 2343. 

5-tert.-Butyl-2 : 4-dinitro-N-toluene-p-sulphonylaniline (XIV) was obtained by addition of 
fuming nitric acid (1 c.c.) in acetic acid (2 c.c.) to 2: 5-di-tert.-butyl-N-toluene-p-sulphonyl- 
aniline (1 g.) in acetic acid (6 c.c.) at 70°. The mixture was poured into water and the resultant 
gum crystallised from ethanol and then acetic acid to give pale yellow prisms, m. p. 142° (Found : 
C, 61-7; H, 46. Cy,H,,O,N,S requires C, 61-90; H, 48%). 

Nitration of 2: 4-Di-tert.-butyl-5-methylphenol.—-Fuming nitric acid (20 c.c.) in acetic acid 
(50 c.c.) was added to the compound (20 g.) in acetic acid (100 c.c.) cooled in ice. The mixture 
was filtered from crystalline 4: 6-di-tert,-butyl-3-methyl-2 : 4-dinitrocyclohexa-2 : 5-dienone, 
m, p, 91° (decomp.) (Found: C, 58-2; H, 7-2. Calc. for C,,H,,0,N,: C, 58-1; H, 7:1%), and 
the filtrate poured into water. The resultant oil soon became semisolid and it was separated, 
dried, and recrystallised from benzene—light petroleum. It gave 6-tert.-butyl-3-methyl-2 : 4- 
dinitrophenol in yellow prisms, m. p. 98° (Found: C, 52-3; H, 5-3. Calc. for C,,H,,O,N,: 
C, 52-0; H, 56%), soluble in hot aqueous sodium hydroxide to an orange solution which 
deposited needles on cooling. On introduction into fuming nitric acid there was a vigorous 
reaction and pouring the solution into water gave 2: 4; 6-trinitro-3-methylphenol, needles, m. p. 
109° (from ethanol), in high yield. 

When 2: 4-di-tert.-butyl-5-methylphenyl methyl! ether was nitrated as described by Carpenter, 
Easter, and Wood! the only easily isolable product was 4-fert.-butyl-3-methyl-2 ; 6-dinitro- 
phenyl methyl ether, m. p. 113°. When fuming nitric acid (10 c.c.) in acetic acid (50 c.c.) was 
added to 10g, of the ether in acetic acid (100 c.c,) and the mixture cooled in ice and poured 
into water after 1 hr, semisolid material was obtained, which was solidified when rubbed with 
ethanol, The product (5-5 g.; m., p. ca. 756°) was crystallised from benzene to remove the more 
soluble 6-tert.-butyl-3-methyl-2 ; 4-dinitrophenyl methyl ether, m. p. 84°. The less soluble 
material gave 4 : 6-di-tert.-butyl-3-methyl-2-nitrophenyl methyl ether as needles, m p, 140° (Found: 
C, 60-2; H, O1. CygH,,O,N requires C, 68-8; H, 90%). 3 G. of this nitro-compound in 
66% ethanol (30 c.c.) containing hydrochloric acid (1 c.c.) was boiled with iron powder (3 g.) 
for 24 hr. The product was extracted with ethanol, and the resultant solid recrystallised from 
ethanol. 3: 5-Di-tert.-butyl-2-methoxy-6-methylaniline (X1) was obtained in needles, m. p. 110° 
(Found; C, 77-6; H, 10-7. CygH,,ON requires C, 77-1; H, 10-8%). This base reacted readily 
with bromine in acetic acid but gave only oils. With toluene-p-sulphony! chloride in pyridine 
the base gave the toluene-p-sulphonyl derivative, prisms, m. p. 183° (from acetic acid) (Found : 
C, 68:4; H, 8&1. Cy ,H,yO,NS requires C, 68-5; H, 82%). This compound was recovered 
after treatment with excess of N-bromosuccinimide in pyridine, and with fuming nitric acid in 
acetic acid gave oils 

Interaction of 2: 6-Di-tert.-butyl-4-methylphenol with Nitric Acid.—To the phenol (2 g.) 
in acetic acid (10 c.c.) was added fuming nitric acid (2 c.c.) m acetic acid (5 c.c.). The 
almost colourless precipitate was filtered off after 4 hr., dried, and crystallised from 
light petroleum, from which it formed needles, m. p. 98° (decomp.). It recrystallised 
also from aqueous ethanol but from acetic acid was converted into oily decomposition products 
When it was boiled in toluene oxides of nitrogen were evolved and the solution became deep red. 
A small quantity of black crystals, m. p. 240° (decomp.), was deposited on cooling but the 
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major product was a very soluble, deep-red gum. With quinol in ethanol there was produced 
benzoquinone, and with p-chlorophenol in light petroleum 4-chloro-2-nitrophenol, m. p, 87°. 
The properties indicate that this compound is 2 : 6-di-tert.-butyl-4-methyl-4-nitroc yclohexa-2 : 5- 
dienone (V1) (Found : C, 67-4; H, 8-7; N, 5-1. C,,H,,O,N requires C, 67-9; H, 8-7; N, 5-3%). 

Bromination of 4-tert.-Butylcatechol.—Commercial 4-tert.-butyleatechol, recrystallised from 
light petroleum, gave needles, m. p. 56—57°. To this material (5 g.) in chloroform was added 
bromine (5 g.) in chloroform, and the mixture was evaporated to small bulk. On addition of 
light petroleum 3-bromo-5-tert.-butylcatechol (XIII) separated in needles (78%), m. p. 86° 
(Found: C, 493; H, 64. C,,H,,0,Br requires C, 49-0; H, 53%). Bromination in warm 
light petroleum gave a much lower yield. 

Addition of bromine (1 mol.) to a solution of the above monobromo-derivative in chloroform 
resulted in a non-crystallisable mass. Use of bromine (2 mols.) led to the production in small 
yield of tetrabromocatechol (in one experiment a little tribromocatechol was isolated), 

Fuming nitric acid (1 c.c.) in acetic acid (1 c.c.) was added to 3-bromo-5-tert.-butyleatechol 
(1 g.) in acetic acid (5 c.c.). After a few minutes the liquid was poured into water. The 
precipitate, crystallised from light petroleum, gave 3-bromo-5-tert.-butyl-o-benzoguinone (XV) 
as red prisms, m. p. 98—100° (Found : C, 49-4; H,4-6. C,,H,,O,br requires C, 494; H, 45%), 
which with o-phenylenediamine in acetic acid gave the quinoxaline derivative as pale yellow 
needles, m. p. 122° (from ethanol) (Found; N, 9-3. C,,H,,N,br requires N, 89%). 


The authors are indebted to Imperial Chemical Industries Limited for a gift of 2: 5-di- 
tert,-butyl-3-methylphenol, to Dr. J. W. Minnis for the microanalyses, and to the Carnegie 
Trust for the Universities of Scotland for a grant. 
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455. Thiadiazoles, Part I11.* %3-Amino-5-arylamino- and 
3: 5-Di(aralkylamino)-\ : 2 : 4-thiadiazoles. 


By FREDERICK KuRZER. 


Oxidative cyclisation of amidinothioureas is extended to the synthesis 
of 3-amino-5-arylamino- and 3%: 5-di(aralkylamino)-1 : 2 : 4-thiadiazoles., 
Bromine is an additional suitable oxidising agent in this general reaction. 
Hydrolysis, reduction, and acylation reactions of the new 1: 2: 4-thiadiazoles 
are described. 3: 5-Dianilino-L: 2: 4-thiadiazole is isomeric, but not 
identical with ‘* Hector’s base.’’ 


ALTHOUGH comparatively little is known about | : 2 : 4-thiadiazoles, there exist consider- 
able confusion and conjecture on structural questions in this field,| However, two general 
and unequivocal synthetic routes to this ring system have recently been provided, namely, 
Goerdeler’s * versatile condensation of thiocyanate with N-halogenated amidines, isoureas, 
and guanidines, and the oxidative cyclisation of amidinothioureas, described in the present 
series of papers. The latter method has now been extended to the production of the 
two series of 1: 2: 4-thiadiazoles named in the title of this paper. The results suggest 
that unlike thiourea and its alkyl and aryl homologues which form a variety of oxidation 
products under comparable conditions (for references, see below), amidinothioureas yield 
1 : 2: 4-thiadiazoles whenever this is possible. 

N-Mono- and NN’-di-substituted amidinothioureas, used as starting materials in this 
synthesis, were obtained by the method of Slotta, Tschesche, and Dressler,4 who had 


* Part II, J., 1955, 2288. 


! Bambas, ‘‘ The Chemistry of Heterocyclic Compounds,”’ Interscience Publ. Inc., New York, 1952, 
Vol. IV, pp. 35—80, 

* Goerdeler and co-workers, Chem. Ber., 1954, 87, 57, 68; 1055, 88, 843, L071 

* Kurzer, J., 1956, 1, 2288. 

4 Slotta, Tschesche, and Dressler, Ber., 1930, 68, 208. 
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reported, however, that appropriate products were not obtainable from N-aralkyl- 
guanidines. In contrast, NN’-di(aralkyl)amidinothioureas have now been prepared with 
out difficulty by condensing isothiocyanates with monosubstituted guanidines in acetone 
in the presence of sodium alkoxides, provided that care was taken to bring the guanidines 
into solution. N-Phenyl-N’-phenylamidinothiourea, m. p. 130-—132°, readily synthesised 
by this method in 85°, yield, differed from two products that have previously been thus 
formulated. They are a compound C,,H,,N,5, m. p, 197°, obtained by Fromm et al.® by 
the interaction of “ phenylthiuret ’ (probably 3-imino-5-phenylimino-l : 2 : 4-dithi- 
azolidine) or its methyl or ethyl homologue with aniline; and a compound C,,H,,N,5, m. p. 
188”, claimed by Slotta e al.* to result in 4% yield during the prolonged interaction of 
N-cyano-N’-phenylthiourea and aniline. In the present experiments, Fromm’s compound 
(m. p. 197°) was found to resist desulphurisation and oxidation by the usual reagents; the 
assigned structure may therefore be rejected. Attempts to obtain Slotta’s compound 
(m. p. 188°) were entirely unsuccessful. 

ixcess of hydrogen peroxide in aqueous-ethanolic media containing mineral acid 
smoothly cyclised the two series of substituted amidinothioureas to the appropriate 1 : 2: 4- 
thiadiazoles (II and V, respectively) in 60—85°%, yields. Bromine was found to be an 
excellent alternative cyclising agent, being consumed almost instantaneously, in equi- 
molecular proportions, in both ethanolic and chloroform solution. The reagent afforded 
comparable or better yields than hydrogen peroxide, and, moreover, proved suitable in 
cases where hydrogen peroxide failed, e.g., for (II; Ar = p-BreCgH,). In contrast, the 
interaction of aryl-substituted amidinothioureas and iodine, like that of the parent 
compound,® was reversible : alcoholic solutions of the N-pheny! derivative (1; Ar Ph), 
for example, absorbed less than half the theoretically required amount of this oxidising 
agent. Although disulphide formation (VI) suggested by the iodine uptake was not 
observed, and the desired cyclisation did in fact occur, iodine was clearly a less satisfactory 
reagent in this synthesis. The non-reversibility of the corresponding reaction involving 
bromine is no doubt due to the less powerful reducing properties of the hydrobromic acid 
liberated during the cyclisation. 

3-Am.no-5-arylamino- and 3 : 5-di(aralkylamino)-1 : 2 : 4-thiadiazoles (II and V) were 
predominantly basic : they dissolved in dilute mineral acids with salt formation, and were 
reprecipitated by alkalis. They formed very sparingly soluble monopicrates, which were 
suitable for their characterisation. The weakly acidic properties of members of the former 
series of homologues (II) were indicated by their remarkable solubility in hot caustic 
alkalis, from which they were deposited unchanged, however, on cooling. The heterocycli: 
nucleus of the 1: 2: 4-thiadiazoles (II and V) was smoothly reopened, with regeneration of 
the original amidinothioureas, upon reduction. In contrast, it proved remarkably resistant 
to alkaline hydrolysis : 3-amino--anilino-1 : 2 : 4-thiadiazole was substantially recovered 
after several hours’ refluxing in 3N-sodium hydroxide, only a small proportion being 
cleaved to aniline, ammonia, and carbon dioxide. The easy alkaline fission of the parent 
compound 8 (II; R H) to amidinourea being recalled, the variation in the stability of 
the | : 2: 4-thiadiazole system with change of substituents * is again exemplified. 

Che oxidation of thiourea ®? and its N-alkyl § and N-ary! derivatives 7% !* may afford, 
under similar conditions, compounds having totally unrelated structures. The assignment 
of 1: 2: 4-thiadiazole structures (I1) to the present aromatic products is therefore not 
admissible solely by analogy with the parent compound and its alkyl derivatives,* and was 
confirmed as follows. <A possible disulphide formula (V1), almost indistinguishable from 

l'romm and co-workers, Annalen, 1907, 356, 178, 180; 1908, 361, 321 

* éeseken, Proc, kh. ned. Ahad. Wetenschap., 1936, 39, 717; 1938, 41, 70; Rec. Trav. chim., 1936, 

65, 1040; 1948, 67, 603; Claus, Annalen, 1875, 179, 139; KE. A. Werner, /., 1912, 101, 2177 
Fromm and Heyder, Ber., 1900, 42, 3804 

* A. E. A. Werner, Sei. Proc. Roy. Dublin Soc., 1941, 22, 387; Preisler, 7]. Amer. Chem. Soc., 1949, 

2849 

° - shoff, Ber, 1901, 84, 3131; 1903, 36, 3121 

” HKesthorn, Ber., 1910, 48, 1519; Passing, /. prakt. Chem., 1939, 158, 10 

‘1! Hector, Her., 1889, 28, 1177: 1890, 28, 357; 1892, 25, Ref., 709; Dost, Ber., 1906, 39, 863; Lal 
and Krall, /. Indian Chem. Soc., 1939, 16, 31 

4 Hofmann and Gabriel, Ber., 1892, 25, 1578 
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(II) analytically, is eliminated by the results of molecular-weight determinations, and by 
the observed bromine uptake of the arylamidinothioureas (1). The oxidation of aryl- 
thioureas by bromine proceeds differently in chloroform or ethanol, yielding 2-aminobenzo 
thiazoles % 19.15 or compounds formulated as | : 2 : 4-thiadiazolidines *™™ respectively. 


NR’ 
R’ 


N-—C-NH, N ——C:NH, N—— C-NHR’ R’N 
lie i] " 


C 
N 


= | —_ 
NH 2H ArNH-C.  =N ArNH-C. oN 
S’ $ 


H,N-C/NH-C:S— A 
| _ } (| SC-NH-C/NH, 
A 
HN NAr_|, S NH 
(VI) (VII) 


In the above representations (I—VII) the occurrence of tautomerism wherever possible is understood, 


The possible representation of the present series of products, obtained by bromine oxidation 
in either medium, as substituted 2-guanidinobenzothiazoles (VII), is readily dismissed 
because of the non-identity of the phenyl homologue (II; Ar « Ph) with the known 2-guan 
idinobenzothiazole (VII; R = H).™ Finally, the smooth reconversion of the products 
into the original N-amidino-N’-arylthioureas by reduction, previously observed * with the 
parent compound, supports the thiadiazole structure. Separate experiments showed that 
the benzothiazole nucleus (in 2-aminobenzothiazole) was not cleaved by reduction under 
identical conditions. 

Che oxidation of aromatic thioureas in ionising media 7% "4. !* proceeds by a mechanism 
not fully elucidated, to yield so-called “‘ Hector’s bases,”’ to which a 2: 4-diaryl-3 : 5-di 
imino-l : 2: 4-thiadiazolidine structure is generally ascribed. This view has yet to be 
confirmed, and possible isomeric 1 : 2: 4-thiadiazole structures have been considered," 
The alternative 3: 5-diarylamino-l : 2: 4-thiadiazole (V) structure for these bases, how- 
ever, discussed by Hofmann and Gabriel,” has now been definitely excluded, in view of the 
non-identity of ‘‘ Hector’s base”?! derived from phenylthiourea, and 3: 5-dianilino 
1:2: 4-thiadiazole (V; R = Ph) obtained in the present synthesis. 

In its reactions with acylating agents, a representative of the 3-amino-5-arylamino 
1: 2:4-thiadiazole series (Il; Ar = Ph) resembled the corresponding aliphatic com 
pounds, being converted, according to the conditions, into mono-, di-, and tri-acyl deriv 
atives (or mixtures thereof) on treatment with acetic anhydride, benzoyl chloride, or 
toluene-p-sulphony! chloride (cf. Experimental section). The only anomalous observation 
was the ability of the aryl-substituted thiadiazole (II; As Ph) to form di- and tri-acety]l 
derivatives; under identical conditions 3-amino-5-alkylamino- and 3: 5-diamino-l ; 2:4- 
thiadiazoles are capable of incorporating only one or two acetyl groups, respectively.* In 
accordance with previous arguments,’ the new monoacy! derivatives are formulated as 
3-acylamino-5-arylamino-l : 2: 4-thiadiazoles (II]; R‘’ = acyl), while the triacyl com 
pounds are regarded as 3-acylimido-5-arylimino-2 : 4-diacyl-1 : 2 : 4-thiadiazolidines (IV; 
RR’ acyl). 

Like ‘‘ Hector’s base,” 3 : 5-dianilino-1 : 2: 4-thiadiazole (V; R Ph) gave only mono- 
acetyl and -benzoyl derivatives, irrespective of the excess of acylating agent employed, 
The structure of these derivatives is not certain; in view of the demonstrated * superior 
reactivity of the 4- over the 2-position in the thiadiazole system, their formulation as 4-acyl- 
3-anilino-4 ; 5-dihydro-5-phenylimino-I ; 2: 4-thiadiazoles appears likely. Toluene-p-sul- 
phony! chloride, on the other hand, readily afforded a disulphony! derivative, represented 
as the 2 : 4-disubstituted thiadiazolidine. 


‘3 Fischer and Besthorn, Annalen, 1882, 212, 331 
4 Smith, Mason, and Carroll, /. Amer. Chem. Soc., 1931, 68, 4103; Torizo, Takahashi, and Niino, 
D Pharm. So Japan, 1943, 63, 249, 
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EXPERIMENTAL 

Light petroleum was of boiling range 60-—-80°. The commercial pure redistilled grade of 
acetone did not require special drying before being used in the preparation of substituted 
amidinothioureas (cf, Slotta et al‘), p-Tolyl isothiocyanate was prepared in 45% yield by 
applying the general method of Dains, Brewster, and Olander.’* Picrates were prepared from 
equimolar proportions of the appropriate amidinothioureas or | : 2 : 4-thiadiazoles and picric 
acid in saturated hot or boiling ethanolic solution. 

3-Amino-5-arylamino-1 : 2; 4-thiadiazoles,--N-Amidino-N’-phenylthiourea, m. p. 176 
178°, was prepared by the method of Slotta, Tschesche, and Dressler * in 75—80% yield. Its 
picrate, crystallised from acetone-ethanol, formed felted needles (90%), m. p. 222--224° 
(decomp.) (Found: C, 39-4; H, 3-3. Calc. for CyHyO,N,5: C, 397; H, 31%). Slotta 
etal give m. p. 260° (decomp., blackening from 232°). 

N-Amidino-N’-p-tolylthiourea, Sliced sodium (1-60 g., 0-065 g.-atom) was introduced into 
acetone (80 ml.) during 5 min., and the hot pale-orange paste-like suspension thus formed was 
treated with guanidine thiocyanate (8-85 g., 0-075 mole). To the resulting solution, p-tolyl 
isothiocyanate (7-45 g., 0-05 mole) was added during | min, ‘The boiling liquid was kept on the 
steam-bath during 5 min. (resulting in the removal of part of the acetone), set aside at room 
temperature during 0-5 hr., and finally stirred into ice-water (5600 ml.), The collected air-dried 
greenish-yellow product was dissolved in acetone, the boiling solution filtered at the pump, and 
the clear filtrate distilled to incipient crystallisation and diluted with half its volume of boiling 
ethanol. N-Amidino-N’-p-tolylthiourea thus obtained formed lustrous prisms, m, p. 198—200° 
(decomp.) [subject to the rate of heating] (yield, including material from the mother-liquors, 
7:3-—8-3 g., 70-80%) (Found: C, 51-7; H, 5-6; N, 27-2. C,H,,N,S requires C, 51-9; H, 5-8; 
N, 269%). The product decomposed above its m. p., with evolution of p-tolyl isothiocyanate 
Its picrate formed yellow prisms (from aqueous ethanol), m. p. 268-—-270° (decomp., after 
sintering severely at 256°) (Found; C, 41-0; H, 3-7. C,,H,,0,N,5S requires C, 41-2; H, 3-4%). 

N-Amidino-N’-p-bromophenylthiourea was prepared similarly from p-bromophenyl isothio 
cyanate.“ The crude granular yellow product was twice crystallised from acetone-ethanol 
(8 ml, each, per g.) and consisted of lustrous prisms, m. p. 186—-188° (decomp.) (yield, 10-6 g., 
78%) (Found: C, 35-8; H, 3-4; N, 20-4; S, 11-35; Br, 20-2, C,H, N,SBr requires C, 35:2; H, 
33; N, 20-5; S, 11-7; Br, 20-3%). Its picrate, crystallised from ethanol—acetone—water, 
formed yellow felted needles, m, p. 250° (decomp., after sintering severely at 230°) (Found: C, 
33-5; H, 26. CyH,,O,N,SBr requires C, 33-5; H, 2.4%). 

3-Amino-6-anilino-1 : 2: 4-thiadiazole,—(a) A boiling solution of N-amidino-N’-phenyl- 
thiourea (9-70 g., 0-05 mole) in ethanol (100 ml.) containing concentrated hydrochloric acid 
(5 ml., 0-05 mole) was treated with aqueous hydrogen peroxide (6%, 85 ml., 0-15 mole) during 
6 min. ‘The solution was evaporated in a vacuum to half volume during 6—12 min., and the 
residual hot purple liquid quickly filtered (carbon) at the pump; the filtrate deposited the crude 
product as pale purple needles. Crystallisation from ethanol-benzene (4 and 15 ml. per g.) 
gave prismatic needles of a solvated product, m. p. 76--78°. Alternatively, crystallisation from 
ethanol (8-10 ml. per g.) gave lustrous prisms of a solvated product, m. p, 188—~192° (after 
sintering at 180-—-185°) (total yield, 7-7-—-8-9 g., 65-75%, calc. as C,H,N,S,C,H,OH). [The 
composition of the solvates was not ascertained: both gave widely fluctuating results on 
analysis; the latter (m. p. 188-—-192°) showed no significant loss in weight after being kept at 
150-—-180° for 16 min, and then at 200—-210° for 15 min.) 

Iwo crystallisations of either solvate from boiling water (150 ml. per g.; carbon) gave 
needles of 3-amino-5-anilino-1 : 2: 4-thiadiazole, m. p. 210-—-212° [Found: C, 49-9, 50-0; H, 
4-3, 41; N, 20-0; S,17-0,17-1%; M (cryoscopically, in thymol), 180, 185. C,H,N,S requires 
C, 50-0; H, 42; N, 20-2; S, 16-79%; M, 192]. The product was highly soluble in warm dilute 
hydrochloric, hydriodic, and sulphuric acids, hot 2n-sodium hydroxide, less so in dilute acetic 
acid, and very sparingly soluble in cold caustic alkalis, hot sodium carbonate, and ammonia 
solution, Its picrate crystallised from aqueous ethanol as orange-yellow needles (75%), m. p. 
205—206° (decomp.) (Found: C, 39-5; H, 2-7. C,,H,,O,N,S requires C, 39-9; H, 26%). 

(b) Finely powdered N-amidino-N’-phenylthiourea (1-94 g., 0-01 mole) was boiled with 
chloroform (400 ml.), and the suspension allowed to cool somewhat and treated with a solution 
of bromine (1-6 g., 0-01 mole) in chloroform (5 ml.), which was instantly decolorised Che 
resulting clear liquid was quickly evaporated to dryness in a vacuum, the semisolid residue 


1® Dains, Brewster, and Olander, Org. Synth., Coll. Vol. 1., 1941, p, 448 


[1956| Kurzer: Thiadiazoles. Part 11]. 2349 


dissolved in warm ethanol (15 ml.) and filtered with carbon, and the filtrate made just alkaline 
(to litmus) with aqueous 3n-sodium hydroxide (3-3 ml., 0-01 mole), The platelets, collected 
at 0° (m. p. 206--212°; 1-31 g., 68%), were crystallised from water and formed 3-amino-5- 
anilino-1 ; 2: 4-thiadiazole, m. p. and mixed m. p. with material prepared by method (a), 210-— 
211° (Found: C, 50-3; H, 4-4; N, 28-5; S, 16-5%). The identity of the products obtained by 
methods (a) and (b) was confirmed by a comparison of their monotoluene-p-sulphonyl deriv 
atives, m. p. 256—-258° (see below). 

(c) The same product resulted (75% yield) when the reactant (0-01 mole), dissolved in warm 
ethanol (50 ml.), was oxidised by bromine (0-01 mole), as described above. 

(d) A warm solution of N-amidino-N’-phenylthiourea (0-01 mole) in ethanol (35 ml.) was 
treated with n-ethanolic iodine until the liquid remained deep yellow (uptake: 8 ml., i.e., 40% 
of the theory), Evaporation to small volume (6—-8 ml.) in a vacuum, followed by dilution with 
water (10 ml.), gave a dark-brown liquid, which was decolorised and made alkaline (to litmus) 
by dropwise addition of aqueous 3n-sodium hydroxide. Dilution with ice-water (to 100 ml.) 
gave crystals which were collected at 0° (1-75 g.), dissolved in acetone (15 ml,), filtered hot, and 
diluted with ethanol (10 ml.). Slow partial evaporation caused deposition of two kinds of 
crystal, which were collected and readily separated mechanically: (A) light platelets (m. p. 
approx. 200°) gave, after recrystallisation from water, needles of 3-amino-5-anilino-1 ; 2: 4- 
thiadiazole (0-48 g., 25%), m. p. and mixed m. p. (with specimens prepared by methods a—ce) 
209---211°; (B) massive prisms consisting of unchanged N-amidino-N’-phenylthiourea, m. p. and 
mixed m. p. 175-——177°, from acetone-ethanol (yield, 0-54 g., 28%). 

3-Amino-5-anilino-1 : 2: 4-thiadiazole.—Reduction. A _ boiling solution of the reactant 
(1-92 g., 0-01 mole) in ethanol (40 ml.) containing zinc turnings (4 g.) was treated with con- 
centrated hydrochloric acid (4 ml.) during 1 min., and refluxed during 10 min. Evaporation of 
the decanted solution to small volume (6—8 ml.), dilution of the filtered residual liquid with 
warm water (30 ml.), and storage at 0° gave crystals (1:84 g., 80%) which recrystallised from 
ethanol-light petroleum (6 ml. each, per g.) and consisted of N-amidino-N’-phenylthiourea 
hydrochloride, m. p. 174—178° (decomp.) (lit. m. p. 178°) (Found: Cl, 13-9. Cale. for 
C,H,,N,SC1LH,O: Cl, 143%). Its identity was confirmed by almost quantitative conversion 
into the free base, m. p, 176—-178°, by the addition of the calculated quantity of aqueous 3n- 
sodium hydroxide to a warm 20% solution of the hydrochloride in ethanol. 

2-Aminobenzthiazole, when subjected to the action of zinc and hydrochloric acid under the 
above conditions, was recovered unchanged. 

Alkaline Hydrolysis.—A solution of the reactant (1-44 g., 00075 mole) in aqueous sodium 
hydroxide (12%, 25 ml.) (protected against atmospheric carbon dioxide) was refluxed during 
8 hr. Only during the second half of the period of heating was ammonia slowly evolved, and 
aniline appeared in the refluxing liquid. The solid which separated on cooling was collected 
at 0°: it was unchanged starting material (1-02 g., 71%, ; m. p. and mixed m. p. 208-212”, from 
water). The combined alkaline filtrate (which evolved carbon dioxide strongly on acidification), 
and washing water (20 ml.) were distilled, and the basified distillate (20 ml.) was shaken with 
benzoyl chloride (1-4 g., 0-01 mole), The precipitated material consisted, after crystallisation 
from ethanol, of benzanilide, m. p. and mixed m. p. 161-—-163° (0-28 g., 64%, based on the 
weight of reactant consumed), 

3-Acetimino-2 : 4-diacetyl-5-phenylimino-1 ; 2 : 4-thiadiazolidine.—-3-Amino-5-anilino-1 ; 2; 4- 
thiadiazole (1-92 g., 0-01 mole) in pyridine (15 ml.) was treated with acetic anhydride (7-65 g., 
0-075 mole), kept on the steam bath during 0-5 hr., and stirred into ice-water (120 ml.) containing 
concentrated hydrochloric acid (15 ml.). The collected dried crystalline precipitate was boiled 
with ethanol (26 ml.), and the undissolved material {[m. p. 265---269° (decomp.); 1-45 g., 53%] 
collected at the pump (filtrate A); it afforded, after crystallisation from benzene-ethanol 
(3:2; 100 ml. per g.), platelets of the diacetyl derivative, m, p. 272-274" (decomp.) (Found :; 
C, 52-0, 52-1; H, 4-6, 445; N, 20-4; S, 11-55. C,,H,,O,N,S requires C, 52-2; H, 435; N, 
20-3; S, 116%). Partial evaporation of filtrate A gave prisms, which were twice crystallised 
from ethanol (a minute amount of the undissolved diacetyl! derivative being each time filtered 
off), yielding prisms of 3-acetimino-2 : 4-diacetyl-5-phenylimino-i ; 2; 4-thiadiazolidine, m. p. 
165—-167° (total, 0-85 g. 27%) (Found: C, 53-0; H, 4:3; N, 17-2; S, 9-06. CH,,O,N,5 
requires C, 52-8; H, 44; N, 17-6; S, 10-1%). 

5-Anilino-3-benzamido-| : 2 : 4-thiadiazole.—-3-Amino-5-anilino-1 : 2: 4-thiadiazole (0-01 
mole) in pyridine (24 ml.), treated with benzoy! chloride (1-4 g., 0-01 mole), was kept at 100° 
during 0-5 hr. The crude granular product, isolated in the usual manner, was dissolved in 
boiling ethanol (150 ml.). The product which separated on cooling (ethanolic filtrate A) gave, 
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on further crystallisation from ethanol, needles (1-65 g., 56°%,) of 5-anilino-3-benzamido-1 : 2: 4 
thiadiazole,m, p, 212--213° (decomp.) (Found : C, 60-7; H, 4-2; N, 18-1; 5,105. C,,H,,ON,S 
requires C, 60°8; H, 4-05; N, 18-9; S, 108%). Filtrate A contained small quantities of the 
tribenzoy! derivative (see following paragraph). 

2: 4-Dibenzoyl-3-benzoylimino-b-phenylimino-1 ; 2 : 4-thiadiazolidine.—(a) Interaction of the 
thiadiazole (0-01 mole) and excess of benzoyl] chloride (0-06 mole) as above gave an oil as crude 
product, After being stirred with water (2 x 100 ml.) at 95° (removal of benzoic acid), the 
residual semisolid mass was boiled with ethanol (25 ml.). The deposited white solid was collected 
at O° (m. p, 172--176°; 37 g., 73%,) and gave, on crystallisation from acetone-ethanol (6 and 
8 ml. per g.), prisms of 2 ; 4-dibenzoyl-3-benzoylimino-5-phenylimino-1 : 2: 4 thiadigzolidine, m. p. 
179-180" (Found: C, 68-8; H, 3-95; N, 11-4; S, 65. Cy gH, O,N,S requires C, 69-05; H, 
40; N, 11-1; S, 635%). 

(4) lreatment of 5-anilino-3-benzamido-1 : 2: 4-thiadiazole (0-01 mole) with an excess of 
benzoyl! chloride (0-05 mole) as above gave the same tribenzoy] derivative (75%), m. p. and mixed 
m, p. 179-180" 

5-Anilino-3-toluene-p-sulphonamido-1 : 2: 4-thiadiazole.--Interaction of the thiadiazole (0-01 
mole) and toluene-p-sulphonyl chloride (0-012 or 0-02 mole) in pyridine (15 ml.) at 100° during 
0-5 hr. gave a product which was isolated in the usual manner, and twice crystallised from 
ethanol-acetone-benzene (3:3:1; 100 ml. per g.). The resulting 5-anilino-3-toluene-p 
sulphonamido-\ ; 2; 4-thtadiazole formed prisms, m. p. 256-—-258° (63 or 72%, respectively) 
(found: C, 62-0; H, 41; N, 16-0; 5S, 18-2. C,,H,,0,N,5, requires C, 52-0; H, 4:05; N, 
16-2; S, 185%) 

Li- and Tri-sulphonyl Derivatives.--The use of an excess of toluene-p-sulphonyl chloride 
(0-04 mole) under the above conditions gave a crude granular product (4-7 g.) which was boiled 
with ethanol-benzene (1:1; 100 ml). The undissolved material (0-65 g., 19%) consisted of 
the monotoluene-p-sulphony! derivative, m. p. and mixed m. p. 256--258° (after crystallisation, 
see above Ihe filtrate was evaporated to half its bulk: it deposited, on prolonged storage, 
two kinds of crystals which were collected and readily separated mechanically : (i) light micro 
crystalline material (0-85 g., 13%) which was crystallised by dissolution in ethanol-acetone 
benzene (3:3:1), followed by partial evaporation, and afforded needles of 5-phenyl 
imino 3-toluene-p-sulphonimido-2 : 4-ditoluene-p-sulphonyl-1 : 2: 4-thiadiazolidine, m. p. 236 
238° (Found: C, 563-6; H, 3-8; N, 84; S, 19-2. C,y.H,,O,N,5, requires C, 63-2; H, 4-0; N, 
86; S, 196%); (ii) massive prisms (2-1 g., 42%) which, recrystallised from boiling ethanol 
(25 ml. per g.), gave platelets of the ditoluene-p-sulphonyl derivative, m. p. 204—-205° (Found ; 
C, 53:5; H, 40; N, 11-1; 5,191. CygH,,O,N,S, requires C, 62:8; H, 4-0; N, 11-2; S, 19-2%). 

3-Amino-5-p-tolylamino-1 ; 2: 4-thiadiazole.—-(a) N-Amidino-N’-p-tolylthiourea (0-01 mole) 
in ethanol (20 ml.) was oxidised with aqueous hydrogen peroxide as described for the pheny! 
homologue rhe product was twice crystallised from boiling water (750 ml. per g.) or ethanol 
(20 ml. per g.), giving platelets of 3-amino-5-p-tolylamino-1 : 2: 4-thiadiazole, m, p, 200-—-202° 

, 65%) (Found: C, 62:1; H, 5-0; N, 27-1; S, 160. C,H,,N,5 requires C, 52-4; H, 4-85 

: S, 15-56%) Its picrate crystallised from aqueous ethanol as deep-yellow felted needles, 
m. p. 283---234° (decomp.) (Found: C, 41-6; H, 3-2, C,H ,O,N,5 requires C, 41-4; H, 3-0%),. 
(L) The same product [70% ; m. p. and mixed m, p. with material prepared by method (a) 201 
203°) resulted when the reactant (0-01 mole), suspended in hot chloroform, was oxidised by 
bromine (ef. phenyl homologue), 

3-Amino-h-p-bromoanilino-1 ; 2 : 4-thiadiazole.-—A suspension of finely powdered N-amidino 
\’-p-bromophenylthiourea (2°73 g., 0-01 mole) in warm chloroform (250 ml.) was oxidised with 
bromine (cf. phenyl homologue, 6). The crude product (2-05 g., 75%) gave, after two crystallis 
ations from acetone-ethanol—water (10, 15, and 5 ml. per g.), spherical aggregates of needles of 
3-amino-5-p-bromoanilino-1 : 2: 4-thiadiazole, m. p, 212—214° (Found: C, 34:8; H, 2-6; N, 
20-8; S, 11-5; Br, 28-9. C,H,N,SBr requires C, 35-4; H, 2:6; N, 20-7; 5, 11-8; Br, 20-5% 
Its picrate, crystallised from aqueous ethanol, formed yellow felted needles, m. p, 231-232 
(Found: C, 33-6; H, 2-1. C,y,HyO,N,SBr requires C, 33-6; H, 20% 


3: 5-Di(avalkylamino)-1 : 2 : 4-thiadiazoles 


N-Phenyl-N’-phenylamidinothiourea.-The hot orange suspension obtained by introducing 
sodium (3-0 g¢., 0-13 g.-atom) into acetone (200 ml.) was treated successively with a hot solution 
of phenylguanidine nitrate “ (29-7 g., 0-15 mole) in acetone (30 ml.) and, during 2 min., with 
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phenyl isothiocyanate (13-5 g., 0-1 mole), After being refluxed during 20 min., the suspension 
was rapidly evaporated under reduced pressure to one-third of its bulk, and stirred into ice-water 
(1 1). The precipitated pale-yellow granular solid gave, on crystallisation from ethanol-light 
petroleum (5 ml. each, per g.) and then from ethanol alone, prisms of N-phenyl-N’-phenylamidino- 
thiourea, m. p. 130—132° (23-0 g., 85%) (Found: C, 61-95; H, 51; N, 21-2; 5S, 12-25, 
C,,4H,4N,S requires C, 62-2; H, 6-2; N, 20-7; S, 11-85%). 
N-Methylamidino-N’-phenylthiourea.—-Powdered methylguanidine sulphate (6-1 g., 0-05 mole) 
was refluxed with stirring during 1 hr. in the suspension obtained by adding sodium (0-92 g., 
0-04 g.-atom) to acetone (150 ml.), the heavy prisms of the starting material gradually giving 
way to a fine suspension of sodium sulphate, Treatment with phenyl isothiocyanate (4-05 g., 
0-03 mole), and refluxing for 0-5 hr., followed by isolation (as detailed immediately above), 
afforded an oil which solidified slowly at 0°, Crystallisation from ethanol (10 ml, per g.) gave 
prisms (3-4 g., 55%) of N-methylamidino-N’-phenylthiourea, m. p, 136-—137° (Found: C, 51-9; 


/o 
H, 5-6; N, 27-2; S, 15-7. C,H,,N,S requires C, 51:9; N, 5:8; N, 269; S, 154%). The 
hydrochloride, obtained almost quantitatively by dissolving the base in the minimum of warm 
concentrated hydrochloric acid, followed by crystallisation from water (3 ml. per g.), formed 
hydrated platelets, m. p. 85—87° (decomp.) (Found: C, 41-1; H, 58; Cl, 12-8 
CyH,.N,5,HC1,H,0 requires C, 41-15; H, 5-7; Cl, 13-5% 

N-Methyl-N’-phenylamidinothiourea.—A warm solution of phenylguanidine in acetone 
(quantities and details as for the NN’-diphenyl homologue) was treated with methyl isothio 
cyanate (7-3 g., 0-1 mole), and the resulting suspension distilled to 80-100 ml. and refluxed 
during | hr. The mixture was then evaporated to 40 ml, and stirred into ice-water (400 ml.), 
and the precipitated oil exhaustively extracted with ether, Vacuum-evaporation of the 
combined washed (warm water) extracts, with addition of benzene (removal of moisture), gave a 
dark oily residue, which was dissolved, with ice-cooling, in 4N-ethanolic hydrochloric acid (30 m1, 
0-12 moie). Slow dilution of this liquid with ether (total, 500 ml.) gave successive crops of 
crystalline solid. Recrystallisation of the combined material (14-2 g., 54%) from water (3 ml. 
per g.), with addition of a few drops of 3n-hydrochloric acid, afforded prisms of hydrated 
N-methyl-N’-phenylamidinothiourea hydrochloride, m. p. 114--117° (Found: C, 41-5; H, 5 
N, 20-9; S, 11-7; Cl, 138-1. C,H,,N,S,HC1,H,O requires C, 41:15; H, 5-7; N, 21-3; S, 12 
Cl, 13-5%) 

3: 5-Dianilino-1 : 2: 4-thiadiazole.—(a) N-Phenyl-N’-phenylamidinothiourea (5-40 g., 0-02 
mole) was oxidised with 6% hydrogen peroxide (0-06 mole) in the usual way, Crystallisation of 
the bronze-coloured product (m. p, 198-—-200°, after sintering at 195°; 43 g., 80%) from 
ethanol—acetone (15 and 3 ml. per g.; carbon) gave platelets (65--70%) of 3: 5-dianilino 
1:2: 4-thiadiazole, m. p. 200-——202° (Found: C, 62-85; H, 44; N, 21-0; S, 120%; M 
(cryoscopically, in thymol), 255. C,,H,,N,S requires C, 62-7; H, 45; N, 20-9; 5, 11-90%; 
M, 268). The product was not appreciably soluble in mineral acids and alkalis 

(b) A warm (35—40°) solution of N-phenyl-N’-phenylamidinothiourea (0-01 mole) in ethanol 
(20 ml.) was oxidised with bromine (0-01 mole), and the product isolated by removal of most of 
the solvent, followed by basification with aqueous sodium hydroxide (6% ; 8 ml.), The product, 
collected at 0° and crystallised as before, was 3; 5-dianilino-1 ; 2: 4-thiadiazole (1-5 g., 56%), 
m, p. and mixed m. p. 199—202° (Found ; C, 62:5; H, 4-4; N, 197; 5S, 121%) 

Reduction. Zine-hydrochloric acid treatment (as detailed for the 5-anilino-homologue above) 
followed by basification, reconverted the thiadiazole into N-phenyl-N’-phenylamidinothiourea, 
m. p. and mixed m. p. 130—132°, in 48% yield 

Monoacyl Dervivatives.—Interaction of 3: 5-dianilino-1 : 2: 4-thiadiazole with 8 equivs. of 
acetic anhydride in pyridine (conditions, isolation as above) gave, after crystallisation from 
benzene-ethanol (4: 1), a crystalline powder (88%) of the acetyl derivative, m. p. 23%-—-240° 
(Found: C, 62-2; H, 43; N, 17-0; S, 10:2. C,,H,,ON,S requires C, 61-9; H, 45; N, 18-1; 
S, 103%). Analogously, there was obtained (85%) a benzoyl derivative, forming truncated 
columns, m. p. 190-—~192° (from acetone-ethanol) (Found: C, 67-4; H, 415; N, 15-0; 5S, 8-5. 
Cy, HygON,S requires C, 67-7; H, 4:3; N, 15-05; S, 8-6%). 

Diacyl Derivative—Treatment of the thiadiazole with 6 equivs. of toluene-p-sulphony! 
chloride (usual conditions) gave (52%) prisms of 3 : 5-di(phenylimino)-2 : 4-ditoluene-p-sulphonyl- 
1: 2: 4-thiadiazolidine, m., p, 240--242° (from acetone-ethanol) (Found: C, 57-95; H, 3-9; N, 
10-0; S, 16:3. CygH,,O,N,S, requires C, 58:3; H, 42; N, 97; 5, 167%). 

5-Anilino-3-methylamino-1 : 2: 4-thiadiazole.-A boiling solution of N-metlylamidino-N’- 
phenylthiourea hydrochloride (2-63 g., 0-01 mole) in ethanol (25 ml.) and concentrated hydro 
chloric acid (0-5 ml.) was treated with hydrogen peroxide (0-03 mole) during 5 min., and distilled 
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to half-volume under reduced pressure. Addition of the clear residual liquid to ice-water 
(100 ml.), followed by basification (to litmus) with sodium hydroxide, precipitated the crude 
material (1-65 g.), which gave, after crystallisation from benzene (20 ml. per g.), white granules 
of b-anilino-3-methylamino-1 ; 2: 4-thiadiazole, m. p. 187—138° (1-35 g., 65%) (Found: C, 62-45; 
H, 49; N, 27-3; S, 16-5. C,yH,)N,S requires C, 52-4; H, 4:85; N, 27-2; S, 155%). 

3-A nilino-5-methylamino-| : 2 : 4-thiadiazole.—Oxidation of N-methyl-N’-phenylamidino- 
thiourea hydrochloride (as immediately above) afforded a crude product (1-45 g.) which consisted, 
after crystallisation from benzene (15 ml. per g.), of prisms (slow cooling) or felted needles 
(rapid cooling) of 3-anilino-5-methylamino-1 : 2: 4-thiadiazole, m. p. 147—149° (1-24 g., 60%) 
[Found: C, 62-6; H, 496; N, 27-0; S, 15-56%; M (cryoscopically, in thymol), 200, 205. 
CyH,,N,5 requires C, 52-4; H, 4-85; N, 27-2; S, 15-56%; M, 206). 


Grateful acknowledgment is made to Mr, W., Tertiuk for valuable technical help, 
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456. A New Uhromatographic Procedure and its Application to 
High Polymers. 


By C. A. BAKER and R. J. P. WILLIAMs. 


A new chromatographic method for the fractionation of mixtures is 
described which may be generally applicable. It employs equilibration 
between a moving solution and a stationary precipitated phase along the 
length of a column, The column is virtually a continuous series of filter 
beds covering a range of temperatures, The application to the fractionation 
of polystyrenes is described, and the homogeneity of the fractions compared 
with those obtained by earlier methods, Details of the properties of the 
fractions are given, 


CHROMATOGRAPHIC procedures utilise repeated transfer across phase boundaries to bring 
about the separation of components in mixtures, The three common forms are known as 
adsorption, liquid-partition, and vapour-phase chromatography and employ respectively 
equilibration between (1) an adsorbed film on a solid surface and a flowing solution, (2) a 
stationary solution and a flowing solution, (3) a stationary solution or an adsorbed film and 
a flowing gas stream. In each case the static phase is held on a support which is packed 
in a column. The procedures make use of differences in adsorbability, solubility, and 
vapour pressure, but no method has been devised which takes advantage of the differences 
in the specific forces in interaction between like molecules which bring about crystallisation. 
The method described here fills this gap in so far as it is a chromatographic method based 
upon the equilibration of substances between a stationary precipitated phase and a moving 
solution, In essence the method requires a column of inert material, which acts only as a 
filter bed, in a temperature jacket. The jacket is so designed that at the top it is held 
at a higher temperature than at the bottom, 4.¢., the column is made into a continuous 
series of filter beds covering a continuous range of temperatures. A further requirement 
is a progressively modified solvent, as used in gradient elution,’ which is passed down the 
column, The material to be analysed is applied to the top of the column as in other 
chromatographic techniques. There is the additional requirement that the substance 
under examination must have a positive temperature coefficient of solubility. 

Consider a simple substance placed at the top of such a column. Initially, the solvent 
passing down the column is chosen so that negligible quantites of material dissolve even at 
the highest temperature of the column. This will be called the poor solvent. A progressive 
change of solvent, brought about by a mixing vessel, leads on to the column a liquid with 
an increasing solvent power for the substance. At some time after the beginning of an 
experiment, material will dissolve appreciably at the top and pass down the filter beds to 
colder parts of the column. Provided the substance has a positive temperature coefficient 

+ Bamuister, Phillips, and Williams, Analyt. Chem., 1954, 26, 1451; Williams, Analyst, 1952, 77, 906. 
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of solubility there will be a precipitation of material at these lower temperatures. The 
precipitated material will be re-equilibrated with the mobile phase as more and further 
improved solvent passes over it. If the equilibrium of the material between the solid and 
the liquid phase is rapid, the substance must travel as a saturated solution down the column. 
It is continuously transferred between the stationary precipitated phase and the mobile 
solution, and finally passes out from the column into some collecting device, ¢.g., an auto- 
matic fraction collector, as a saturated solution at the temperature of the bottom of the 


Fic. 1. The expected peak shape in “ crystallisation 
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column. If a mixture of two substances is applied to the column and they form mixed 
crystals (or they grossly affect the solubility of one another by interaction in solution) then 
as they travel through the column they will automatically go through a series of separations 
by continuous fractional reprecipitation or recrystallisation. Fig. 1 shows the expected 
shape of the concentration-fraction number diagram for a simple substance (cf. Fig. 4). 

The Appavatus,—-The essential parts of the apparatus (Figs. 2a and b) are the column A, 


the temperature jacket B, the mixing vessel C which provides the solvent gradient, the container 
of good solvent D, a syphon £, and a fraction collector F, The arrangement of these parts is 


shown in Figs. 2a and 2b, 
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The column used is a glass tube, 35 cm. long and 24 mm. wide (external diameter). It is 
packed with glass beads of average size 0-1 mm. diameter (sold under the name “‘ Ballotine 
no. 15 by the English Glass Co.). The glass beads are packed as a slurry in the poor solvent, 
vhich is also put in the mixing vessel C. Near the bottom of the glass column is fitted a 1 cm. 
no. 3 sintered-glass disc, J, and the column is tapered at the bottom to a fine capillary J, which 
controls the rate of flow of soivent through the column as the glass beads permit too rapid a 
flow. In later forms of the column the capillary, which became blocked infrequently, was 
made exchangeable by fitting it to a B. 7 cone and terminating the column in a corresponding 
Quickfit B. 7 socket (Fig, 2b). 

rhe jacket is a cylindrical aluminium block, B, of length 30 cm. and external diameter 
50 mm., from which has been drilled out a hole of 26 mm. diameter making it a close fit with 
the external diameter of the glass column, The top of the jacket is heated by an electric heating 
spiral, //, dissipating 60 w, The bottom is cooled by a spiral of 4 turns of copper tubing, G, 
through which cold tap-water is passed. The whole column is well insulated with asbestos 
string and cotton-wool so that, while the bottom of the column is held close to 10°, the top 
is at 60—65 It has been proved that the temperature of the glass-bead packing varies 
linearly down the jacketed length of the column. 

solvent gradient is supplied by an apparatus already described and illustrated in 


Pic, 3. The solubility of three polymer 
fraction (Continuous line is for a 
fraction of low molecular weight, the 
dotted line for one of intermediate 
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for one of high molecular weight The 
solubility of each fraction 1s recorded 
at three temperature from left to 
vight 25 P 45 F and 65 ) 
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Mig. 2a The solvent gradient obtained is logarithmic in form. The advantages of this 
gradient form will be made apparent later (p, 2359). Other gradients * may be preferable in 
different circumstances 

Che collection of saturated solutions from a column is more difficult than that of unsaturated 
solutions normally handled in chromatography. [Evaporation of solvent in the syphon, used 
here to cut the fractions as in other volume-fraction collectors, must be prevented, for if it is 
allowed to take place a second phase will separate in the syphon and may not be cleanly delivered 
into the fraction-collector tubes. In the experiments described here two precautions were 
taken. The syphon was connected to a solvent reservoir, K, as shown in Fig, 26, so that the 
air space above the liquid in the syphon was always saturated The bottom of the syphon was 
immersed in a small thermostat, L, held at 35° so that the liquid was held at a temperature well 
above that at which a second phase separates In these circumstances precipitation was never 
observed in the syphon but it frequently occurred in the test-tubes on the collector, 

Choice of Test Substances.—-Suitable mixtures for separation on the column must have 
positive temperature coefficients of solubility and form mixed crystals or solid solutions, High 
polymers fulfil these conditions (see Fig. 3). They are mixtures of compounds which differ 
only in the number of identical units in the chains of the molecule Ihe usual method for their 
fractionation is a single-stage fractional precipitation brought about by cooling a solution, 1.¢., 
a theoretical stage of the column. The method is far from satisfactory * and could obviously be 


Alm, Williams, and Tiselius, Acta Chem. Scand., 1952, 6, 826 
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improved by an increase in the number of stages. It should be observed that intermolecular 
forces in many high polymers are often so weak that they are of low crystallinity and are 
precipitated as highly viscous liquids or gels. The operation of the column is not affected by 
the absence of solid crystals providing that the polymer gel does not flow through the column. 

For testing the method of fractionation, polystyrene was chosen, on the advice of Professor 
H. W. Melville (Birmingham University). The polymerisation of styrene has been carefully 
studied, and kinetic analysis of the rate data indicates that the polymer is ideally linear, ¢.¢., 
there is neither cross-linking nor chain-branching.* An appendix to this paper (p. 2361), 
is concerned with the demonstration of these facts for particular polymers prepared by us 
Such polymers have two advantages from the points of view of this study. The solubility of 
fractions is proportional to chain lengths (Fig. 3), a readily determined parameter, and the 
simple polymerisation kinetics lead to a determinable molecular-weight distribution which can 
then be assumed as a check on the method of analysis proposed here (p. 2362). 

Three such polystyrenes have been prepared (p, 2361). The number-average molecular 
weights, /,, of the polymers as given by the rate expressions were 100,000, 316,000, and 741,000, 
rheir respective osmotic molecular weights were found to be 108,000, 350,000, and 725,000, 
with a possible error of +5%. The polymers will be referred to in the paper by their osmotic 
values, e.g., 108,000 polystyrene. 

Analysis of Molecular-weight Distribution in Certain Polystyrene The polymers were 
analysed under the following column conditions: temperature gradient 60-—-10°; solvent 
gradient from 100% ethanol in the mixing vessel and the column initially, to 100% ethyl methyl 
ketone in the top vessel; mixing vessel 150 ml.; flow-rate 5 ml./hr,; 10-ml, fractions were 
collected, The polymer was applied to the top of the column as follows; 300 mg. of polymer 
were dissolved in 10 ml. of ethyl methyl ketone; the solution was added to 30 g. of glass beads, 
and the solvent evaporated with a hot-air fan Che polymer coats the glass beads as a thin 
film but leaves the beads apparently unaffected, at least to the naked eye. These bead are 
added to the top of the column in a slurry in the poor solvent and fill a distance of 4 cm. along 
its length. This is a similar distance to the length of the heating spiral at the top of the column, 

In each experiment 50 test-tubes of effluent were collected. The tubes were analysed for 
polymer by the following procedure. The polymer solution in the tube was transferred with 
washings with ethyl methyl ketone to a 250-ml. beaker, On occasion, polymer gel was found 
to have separated in some of the test-tubes owing to evaporation of solvent rhis polymer 
was transferred by dissolving it with additional ethyl methyl ketone. The polymer solution 
in the beaker may now be some 30 ml, ‘This solution was flooded quickly with 100 ml. of 
methanol while being stirred rapidly. A fine suspension of polymer resulted, which gradually 
settled. After at least 3 hr. the clear liquid was decanted. The precipitate was thoroughly 
washed by decantation with methanol and finally transferred to a watch-glass of known weight 
After allowance of a time known to be sufficient for the evaporation of the solvent, the watch 
glass were weighed In this way the amount and thence the concentration of polymer in each 
test-tube were found. Recovery of polymer invariably exceeded 90% and was usually greater 
than 95%. The difference from complete recovery is due to the complicated handling of 
fractions. In separate experiments, designed to test the recovery, it was proved that all the 
polymer was recovered from the column. 

The fractions were analysed by measurement of their specific viscosity (0-5%, solution in 
toluene) in an Ostwald viscometer, and in certain cases by osmotic-pressure determinations at 
a given concentration. Later in the work a calibration curve of viscosity against osmotic 
molecular weight was set up by using some of the fractionated material, From this calibration 
and the information from the fractionation on the column, a cumulative percentage-composition 
curve against molecular weight can be obtained for any given polymer, A typical analysis 
of a chromatographic experiment for the 108,000 polystyrene is shown in Fig. 4, It is a plot 
of concentration of polymer in a given fraction against the tube number of the fraction, All 
but the last two tubes contained saturated solutions of polymer. The numbers inserted in the 
Figure refer to the specific viscosity of the fraction rhe viscosity increases along the fractions 
as expected from the decrease of solubility with increase in molecular weight (see Fig. 3). The 
experiment was repeated four times and shown to be highly reproducible, A detailed discussion 
of the properties of the fractions is given on p, 2359. Experiments with the 350,000 and 725,000 
polymers were carried out with some trivial modifications in method (see p, 2358). From these 
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analyses and the calibration curve of viscosity against molecular weight, molecular-weight dis- 
tributions in the three polymers have been determined and compared with theory (see Appendix). 
The agreement, as shown in Figs. 6 and 6, is good. Exact coincidence between experiment and 
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theory could not be expected in view of the number of different assumptions involved in the 
theory (p. 2361). The experiments confirm the belief that polystyrene is a strictly linear polymer, 
implying that the kinetics of formation of the polymer involve termination by combination only 

Further Test Experiments.—The experiments with polymers of known molecular-weight 
distribution were considered to be the best absolute tests of the new method that could be 
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devised. Because of some not altogether satisfactory features of the kinetics of polymerisation 
(see Appendix), it was however thought better to make a number of experiments on the 
relative efficiency of our fractionation as compared with earlier techniques. It has been 
mentioned that, after the saturated solutions from the column have been delivered into the 
test-tubes of the fraction-collector, where no attempt was made to prevent evaporation, two 
phases separate. By decanting the supernatant liquid from the gel phase and investigating 
the properties of the polymer in both phases, the fractionation on the column can be tested as 
compared with a further one-stage fractionation (by what amounts to a conventional precipit- 
ation procedure). The result of the analysis of split fractions from a run with 108,000 polymer 
(cf. Fig. 4) can be summarised as follows : 


Tube no. , 31 32 33 h 35 
gel sol gel sol gel 0 re sol gel 
Polymer weight 
(mg.) K 17 11 22 15 15 20 34 21 23 I 
O17 O21 O21 O23 O23 O29 O31 36 040 O43) 0-63) (OOS 


It can be seen that in no case on further fractionation did the viscosity of a polymer solution 
(0-5% solution in toluene) of sol material fall below that of the gel in the previous tube and that 
in most cases the viscosities of sol and gel material from the same tube are very similar. 
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Fic.7. Distribution of specific viscosity 
in an industrial polymer. (The line 
through the circles is the result from 
batch fractionation. The other line is 
the best smooth curve through the 69 
points from the summed analysis by 
chromatography of the same seven 
batch fractions. The crosses on this 
line vepresent the chromatographic 
analysis of the original polymer.) 
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The polymers prepared by us under controlled conditions were not available in large 
quantities, and the continuation of the testing of the new method was made with an industrial 
polymer produced by Distillers Co, Ltd. under the name of “ Distrene.”’ The first test made 
was a determination of the molecular-weight distribution in this polymer by three methods : 
(1) by batchwise precipitation into seven fractions using a conventional procedure followed by 
analysis of the fractions by osmotic-pressure and viscosity measurements; (2) by column 
analysis followed by determinations of osmotic pressure and viscosity; and (3) by column 
analysis of all seven batch fractions from method (1) and subsequent examination of the fractions 
before summing the results to give a composite analysis Che results are shown in Fig. 7. The 
conventional method gives a result in disagreement with the other two methods, Both column 
methods give the same result; the line drawn through the crosses on the Figure represents 
the best smooth curve through 69 points, method (3), from the seven different batch fractions, 
and the points from method (2) lie on this line. The molecular weights, by osmometry, of the 
seven fractions from method (1) did not lie on the plot of molecular weight against viscosity 
which we claim to be a calibration curve for near-homogeneous fractions. The molecular 
weights of the fractions from the column analyses gave points which lay on the plot within 
experimental error. Fig. 8 is a plot of the molecular-weight distribution in the seven 
fractions from method (1) compared with the distribution in the whole polymer 

A usual method for the examination of the efficiency of a chromatographic method is the 
re-running of material through the column, ‘The method is assumed to be good if the second 
analysis substantiates the initial one. Such experiments have been performed with polystyrene 
fractions. They are well illustrated by Fig. 9. The distribution of molecular weight in the 
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material of the fractions was tested by turbidity titration (this test was carried out by Dr. Stead, 
University of Birmingham, under the guidance of Professor Melville). The method is described 
by Stead and Melville. A comparison between the titration of a fraction and that of a whole 
polymer or that of a fraction from batch precipitation shows the narrow range of molecular 
weights in the column fractions (Fig. 9c). There does not appear to be a very large overlap 
of molecular weight even between material from adjacent test-tubes. This result confirms the 
impression of the previous experiments and, in particular, it should be considered together with 
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the experiment on the further fractionation of fractions from the column (p. 2357). There it 
was shown that the viscosity of material from a given test-tube, a given fraction, did not overlap 
with material from test-tubes on either side of it 

It was mentioned earlier that fractionation of the highest molecular-weight standard polymer, 
725,000, was not altogether satisfactory without slight modification in method. The 
modification was a change of solvent gradient. The gradient used in experiments with the 
lower molecular-weight material ran from 100% ethanol to 100% ethyl methyl ketone. The 
spread of the material of lower molecular-weight in this gradient was satisfactory from the 


* Melville and Stead, /. Polymer Sci., 1955, 16, 505, 
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point of view of the method (Figs. 3 and 4) but polymer of higher molecular weight tended to 
be spread over too few tubes so that the solutions were unduly concentrated. It is generally 
recognised that a high concentration of polymer reduces the fractionating efficiency, It was 
obvious from experiment that the solvent was being changed too rapidly. Two changes were 
made. The good solvent was changed to 10%, ethanol in ethyl methyl ketone and, in order to 
shorten the time taken for the experiment, the poor solvent in the mixing vessel was changed to 
50% ethanol in ethyl methyl ketone. With this gradient, satisfactory analyses were made of 
material of high molecular weight. The advantages of the logarithmic form of the solvent 
gradient in polymer analysis are that it counteracts the change of solubility with solvent 
composition and molecular weight. The solubility of material of high molecular weight is much 
more sensitive to changes in solvent composition than that of polymer of low molecular weight 
(Fig. 3). The logarithmic gradient changes more rapidly over the solvent range in which low 
polymer is soluble than over the range in which higher polymers dissolve hese factors are im 
portant when making adjustments in solvent gradient lor example, a number of experiments 
have been performed with an American Standard Polymer, a polystyrene, labelled No, III,’ 
obtained by batch fractionation of a commercial polymer. It was analysed by the column 
method described here, the same conditions being used as those described for the 725,000 
polymer, Somewhat surprisingly, it was shown to have distribution almost identical with that 
of an unfractionated 725,000 polymer. This result has been confirmed with two other fraction 
of high molecular weight from batch precipitation of commercial polymers The importance 
of these observations is discussed below. 

The Properties of Fractionated Polystyrene._-Three groups of fractions will be discussed here 
The first, Y-fractions, were made by the batch-wise precipitation of polystyrenes which had been 
prepared under carefully controlled conditions such that the ratio of the weight-average 
molecular weight, M,, to the number-average molecular weight, M,, was as 1:5: 1-0 
(see Appendix The second group, Z-fractions, were prepared by the same procedure from 
industrial polymers of much wider heterogeneity, M,,: M, being greater than 2:0; 1-0 
lractions prepared by Desreux’s method ™ are different again: they form a third group of 
fractions which are obtained by fractional solution Finally, there are fractions prepared by 
the method described in this paper. Whereas other methods give fractions of differing hetero 
geneity depending upon the nature of the original polymer, yet the new chromatographic 
method gives fractions which cannot be differentiated no matter what the source of the original 
polymer 

rhe properties of the fractions which we have studied include osmotic molecular weight, 
measured in toluene, and intrinsic viscosity in toluene and cyclohexane at 34°. This temperature 
is the §-point for polystyrene-cyclohexane. Our studies of these properties call for two 
comments, The intrinsic viscosity of a polymer solution in one solvent as compared with that 
in another is independent of molecular-weight distribution but not, of course, of average 
molecular weight. Secondly, the extrapolation of the osmotic pressure-concentration ratio, 
m/c, against ¢ was in good agreement with measurements by Krigbaum and Flory “ but did 
not agree closely with those by Bawn, Freeman, and Kamalidden " at higher molecular weights 

rhe intrinsic viscosities and osmotic molecular weights of a number of fractions are plotted 


in Fig. 10 rhe points for all fractions prepared by the new chromatographic method lie on 
Ihe points for whole polymers do 
which were prepared according to 


the same curve no matter what the source of the fraction 
not lie on this curve, nor do those for Z- or Y-fraction 
standard recipes. If the osmotic molecular weights of the polymers prepared under controlled 
conditions (see Appendix) are multiplied by 1:5 to obtain their weight-average molecular 
weights, then the points for the whole polymers lie very close to the full line. Again, the 
weight-average molecular weight of the American Standard polymer No, ITI is known from the 
literature to be 960,000. This point also falls very near the line It is concluded from these 
observations that the line in Fig. 10 is very close to that for homogeneous polymer fractions 
This being assumed to be the case, the heterogeneity of other polymers and polymer fractions 
can be discussed. Several points are of interest: (1) Industrial polymers are of very wide 
heterogeneity; for ‘ distrene’’ M,,: M,, 30:10. (2) Z-Fractions are of considerable 
heterogeneity; M,,: M,, for those of highest molecular weiht is 1-5: 1-0. All the fractions of 
this type have not the same heterogeneity, those of lowest average molecular weight having 
the smallest molecular-weight spread. (3) Polymers prepared according to methods described 
in the appendix have M,: M, ratios of 15: 1-0, which is in agreement with theoretical 


Frank and Mark (1.U.P.A.C. Report), J. Polymer Sci., 1953, 10, 129 
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prediction. (4) Y-Fractions are of low heterogeneity, M,,: M, = 1:15: 1-0, but their hetero- 
geneity increases along a series of fractions prepared from one polymer with molecular weight. 

It will be appreciated from these comments that the new fractions have a higher number- 
average molecular weight for any given viscosity than previously described fractions. In 
support of the contention that they are near-homogeneous fractions, the curve of Fig. 10 falls 
close to that obtained from the measurement of molecular weight by light-scattering methods.” 

Fractions can be prepared by fractional solution as well as by the above methods, One 
particular technique “ is apparently similar to the chromatographic method described here. 
It is however a single-stage method. ‘The method yields fractions of very high homogeneity 
and is probably better than fractional precipitation. It is less satisfactory than the chromato- 
graphic method when applied to the fractionation of industrial polymers. It suffers from the 
further disadvantage that it is a non-equilibrium method. 


42° oy 


XN 
° 


Fic. 10. The relation between M, 
and {n) im toluene, (Filled circles 
are for chromatographic fractions ; 
1, 2, 4, 5, 6, 7, 8, and 11 ave batch 
Z-fractions from ‘* Distrene"’; 9 is 
 Distvene”’ itself; 3, 10, and 13 
ave the polymers of M, 108,000, 
$50,000, and 725,000 respectively ; 
12 is the Standard polymer No, IIL.) 


] » foluence 
~ ~ 
-) — 


[> 
é 
S 
~_ 


+s) 


ic. 11, Hvequency distributions of molecular weight 
in (1) 108,000 polymer, (2) a chromatographic 
fraction, (3) a Y-fraction, (4) a Z-fraction 


SS a 
2 3 a 


af 
/7,, x10 


linally, it is important to note that theories of intrinsic viscosity depend for their verification 
upon the preparation of near-homogeneous fractions. It is clear from the present work that 
such fractions cannot be readily prepared by current techniques. The fractionation of polymers 
of different degrees of heterogeneity leads to fractions of different heterogeneity, and the study 
of these fractions can lead to a variety of relations between M,, and intrinsic viscosity. Fig. 10 
makes this point obvious. In Fig. 11 the molecular weight distribution in various types of 
fraction is given from their analysis by the present chromatographic method. This and other 
evidence presented above indicates that the molecular-weight distribution in industrial polymers 
cannot be found by the earlier methods of fractionation. 


Conclusions..-At the outset of this work the analysis of high polymers was undertaken 
in order to establish a new method of chromatography. The method has now been proved 
by its ability to fractionate polystyrenes of known molecular-weight distribution. Its 
ubsequent use in the study of the distribution of molecular weights in other polystyrenes 
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of unknown heterogeneity, as described in detail above, may have obscured the general 
principle on which the fractionations are based. The method that has been described is 
a form of crystallisation chromatography which should be of value in separating pure 
components from mixtures whether they be of, for example, salts or proteins. 


APPENDIX. 


Kinetics of Polymerisation of Polystyrene.—Initiation of the polymerisation of styrene by 
radicals leads to relatively simple reaction kinetics providing the reaction is carried out in the 
absence of oxygen and at constant temperature. The three polymers prepared by one of us 
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Fic. 13. The inverse of the number-average 
molecular weight plotted against the vate of 
polymerisation: © This paper, + Melville and 
Bevington (communicated). Molecular weights 
by osmometry except the fom t which was 
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(C. A. B.), under the guidance of Professor H. W. Melville and Dr, J. C. Bevington at 
Birmingham University, were made under controlled conditions which are standard practice in 
this field. 2: 2’-Azobisisobutyronitrile was used as the initiator, and the reaction vessel, a 
dilatometer, was held at 60°. The rate of reaction was observed in the dilatometer by following 
the meniscus with a travelling microscope. 

The rate of polymerisation, R,, is given by 


Ye ree 


where k,, ky, and k, are the rate constants of propagation, initiator decomposition, and termin 
ation respectively, [I] is the concentration of initiator, [M) the concentration of monomer, and / 
the efficiency of the initiation step in the polymerisation. The equation is based on assumptions 
summarised by Flory.* The initial rate, found by the extrapolation of rate curves, should 
be directly proportional to [I}#. The experimental results are plotted in Fig. 12 


The kinetic chain length, v, is given by 
vmx (hP/2h)(M)/Rp - © © © «© «© «© «© « (2) 


whence the inverse of the number-average molecular weight, M,,, proportional to v, should vary 
with the initial rate. Fig. 13 shows how well this relation is obeyed. From both Figs. 12 and 


® Flory, op. cit., ref. 5, p. 106, 
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13 it can be concluded that the rate of polymerisation in the preparation of the three standard 
polymers described and analysed here was in no way anomalous and that therefore they are 
likely to be typical of all styrene polymers prepared in this way in so far as molecular weight 
distribution is concerned, It will be assumed then that transfer to monomer may be neglected. 
Ihe kinetic expressions do not differentiate between two mechanisms for chain termination 
lty using radioactive-labelled initiator, however,®™ it has proved possible to show that te 
mination in styrene polymerisation is by combination. This method of termination being 
assumed it follows that the frequency, M,,, of synthesis of a polymer of m units in a chain is 


given by ” 


AW ) f 
In M,, = In ie (m )) ™) ( 0 ~ 5 ire oe & 


where A 2fky{1) and 0 V (2h,) ky 
In order to use this equation, all the rate constants have to be evaluated: k,, the rate of 
decomposition of the initiator, is known to be 10-1 x 10%; k, and k, can be found from the 
plots in Figs. 12 and 13, Now with assumption of termination by combination, 2v = ¥7,, #, 
can be measured, for any given polymer, by osmometry. The value 108,000 being taken for 
the lowest polymer prepared in this work (this is the most accurately known molecular weight), 
the value of / is found to be 0-61. This value is lower than those in the literature and it must 
be admitted that its reliability is very sensitive to the other rate constants. Since this work 
was completed, however, Bevington ' has shown that a value of 0-60 for / is to be expected 
by using the values derived for the constants in equation (2), the molecular weights of the 
other two polymers are found to be 316,000 (350,000 by osmometry) and 741,000 (725,000 by 
osmometry) 
Ihe three equations for the molecular-weight distributions are [see equation (3)] : 
log M,,/m 8°36 «x 104m — 12-496 (108,000 polymer) 
log M,,/m 2-86 »« 10m 14:357 (350,00 polymer) 
log M,,/m 1-216 x 10°%m 15-842 (725,000 polymer 


m 


lhe distributions and their experimental verification are given in-ligs. 5 and 6, 
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457. Slereochemistry of cycloHe wane Derivatives. Part 111.* 
Hydroxylation of (+-)-trans-p-Menth-2-ene. 


By P. R. felis and B. MILLIGAN, 


rhe configurations of some of the (4-)-p-menthane-2 : 3-diols have been 
clarified. Hydroxylation of (+)-trans-p-menth-2-ene with a variety of 
reagents is described and the configurations of the derived glycols have been 
established, A preliminary examination of the rates of oxidation of a 
number of glycols by periodate is reported 


MacsetH and Ropertson! have described seven (-+-)-p-menthane-2 ;: 3-diols. Six of 
these isomers were derived by hydroxylation of the ~-menth-2-enes and a seventh proved 
to be cis-2-hydroxyneoisomenthol. <A further isomer was considered to arise on reduction 
of diosphenol by lithium aluminium hydride or the Ponndorf method and was assigned 
the configuration cis-2-hydroxyneomenthol (l ). Further characterisation of cis-2-hydroxy- 
menthol (II) derived from trans-p-menth-2-ene with osmium tetroxide has now shown it 
to be ide ntical with this reduction product from diosphenol. The hitherto unknown 
(+-)-cts-2-hydroxyneomenthol (I) and the diol (II) have now been obtained by hydroxyl- 
ation by the iodine-silver acetate-water method.* Chromatography of the esterified 
product afforded the (-+)-di-p-nitrobenzoate, m. p. 165—166°, of cis-2-hydroxymenthol 
(11) and the ester, m. p. 162°, of the diol (I). This separation is facilitated by use of the 
m-nitrobenzoates. In addition, mixed crystals, m. p. 155°, of the two di-p-nitrobenzoates 
were isolated. These were identical with the unknown ai p-nitrobenzoate of the same 
m. p. derived from the product of hydrogenation of (-|-)-2-hydroxymenthone with Raney 
nickel,? which thus affords largely (4 )-c1s-2-hydroxyneomenthol (1) and (-+)-cts-2 
hydroxymenthol (I1) 


Rese i 


HO HO HO HO 


(1) (il) (IV) (il) 


Phes > hydrogenation results can now be explained. It has been pointed out that 
alkaline poe oor is of 2-acetoxymenthone would yield a mixture of 2-hydroxymenthones 
and 3-hydroxycarvomenthones by way of an enediol intermediate, evidence for whose 
existence was presented.4 This hydrolysis should yield the ketols in their thermo 
dynamically more favourable conformations. The more stable conformation of the 
substituent in a polysubstituted cyclohexane derivative depends upon both steric and dipole 
interaction. It is known that the former effect is minimised when the substituent adopts 
an equatorial position, although in the case of a cyclohexanone substituted in the 2 
position with an equatorial group this stabilisation will be decreased by the eclipsed inter- 
action between the group and the carbonyl-oxygen atom [see (III) and (I[V)*), It is 
apparent that attraction between the carbonyl and the hydroxy! dipoles would be much 
more significant if the hydroxyl group assumed an equatorial, as opposed to an axial 
conformation. Thus from both these considerations the mixture of hydroxymenthones 
and hydroxycarvomenthones must consist predominantly of structures ([II]) and (IV) 
The structures related to the tsomenthone configuration may be disregarded in view of 
the reduction products 


* The papers, /., 1955, 2767, and 1956, 805, are regarded as Parts I and II 


th and Robertson, /., (4) 1953, 895; (6) 1953, 3512; 1954, 701 
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2364 Jefferies and Milligan: Stereochemistry of 


In order to explain the high value for the observed dipole moment (2-9 b) of 2-hydroxy- 
cyclohexanone, Svirbely and Lander * assumed the presence of a proportion of the enol 
in benzene solution. When the accepted link moments,* the normal valency angles, the 
value 3-08 p for cyclohexanone,’ and coplanarity are assumed, the value 2-7 D is obtained 
by graphical calculation for 2-hydroxycyclohexanone in the hydrogen-bonded, equatorial- 
hydroxyl conformation. This value could be significantly increased by induction, or by 
bond deformation arising from dipole interaction, and we believe that the proportion of 
enediol present is small, 

The ketol mixture derived from 2-acetoxymenthone failed to produce a colour with 
ferric chloride and so must consist predominantly of the forms (III) and (IV). 

Reduction with sodium in alcohol would yield both hydroxyl groups in equatorial 
positions, giving (+-)-trans-2-hydroxymenthol. Catalytic hydrogenation in neutral 
media yielded mainly (+-)-cis-2-hydroxyneomenthol (I) and (-+-)-cis-2-hydroxymenthol 
(11), corresponding to the reduction of the carbonyl group to the axial-hydroxyl group in 
both (III) and (IV), as expected for a hindered carbonyl group.® 

In view of the ready availability of (-+-)-trans-p-menth-2-ene we have undertaken an 
examination of its hydroxylation in the hope of making the derived diols available. 

by treatment of (-+-)-trans-p-menth-2-ene with lead tetra-acetate and subsequent 
hydrolysis Hiickel and Kummerle® obtained a glycol characterised as the bisphenyl- 
urethane, m. p. 149—150°, Hydroxylation by way of the epoxide # yielded a diol which 
formed a bisphenylurethane, m. p. 83-—85°. We have examined hydroxylation with 
peracetic acid and by the epoxide method.!® Separation of the product as the /-nitro- 
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benzoates gave esters of m. p.s 141° and 174° in the ratio of 1:15. Hydrolysis of the 
latter ester gave (--)-trans-2-hydroxyneomenthol (V). Hydrolysis of the former ester 
afforded (—)-trans-2-hydroxymenthol (VI). 

In contrast approximately equivalent quantities of these diols may be obtained by 
Prévost’s method ' using the iodine-silver benzoate complex. Although the yield of 
glycol mixture is inferior to that obtained by using per-acid, the method may prove of some 
value in preparing diequatorial trans-diols. The only product isolated from the reaction 
with excess of the iodine-silver p-nitrobenzoate complex was a small quantity of the 
p-nitrobenzoate of an iodohydrin. 

Reaction of (-+-)-trans-p-menth-2-ene with osmium tetroxide and esterification gave a 

irbely and Lander, /. Amer. Chem. Soc., 1950, 72, 3756 
* Le bévre, ‘' Dipole Moments,’’ Methuen and Co., Ltd., London, 1938, p. 64, 
Cunthard and Gaumann, Helv. Chim. Acta, 1951, 394, 39 

* Barton, /., 1953, 1027 

* Huckel and Kummerle, J]. prakt. Chem., 1942, 160, 74. 

' Hluckel, Tappe, and Legutke, Annalen, 1940, §43, 191. 

'! Prévost, Compt. rend., 1933, 196, 1129; 107, 1661 
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p-nitrobenzoate, m. p. 108°, which was assigned the configuration (—)-cis-2-hydroxy- 
menthol (II), arising by attack of the olefin trans to the isopropyl group. Ginsburg’s 
method * provided a convenient route to the two cis-diols, no frans-isomers being detected : 
esterification of the product and chromatography afforded esters, m. p. 108° and 169°, in 
the approximate ratio of 2:1; as expected, the steric control in this reaction is much less 
than with osmium tetroxide. The di-p-nitrobenzoate of m. p. 108° yielded the parent 
diol, (—)-cis-2-hydroxymenthol (II). The second ester, m. p. 169°, afforded the diol 
which was assigned the structure (—)-cis-2-hydroxyneomenthol (I). 

None of the above active diols forms a bisphenylurethane similar to that described by 
Hiickel and Kummerle.® 

Experimental confirmation of the structures assigned to the optically active diols has 
been obtained by a study of the bromohydrins obtained by reaction with hydrogen bromide 
of the epoxide mixture derived from (-+-)-trans-p-menth-2-ene. Separation of the bromo- 
hydrins as the /-nitrobenzoates afforded esters, m. p. 99° and 105°, in the proportion 1 : 5 
Reduction of the former with lithium aluminium hydride gave (-+-)-seomenthol (VII). 
If the normal trans-disposition is assumed for the bromine and the hydroxyl group this 
bromohydrin will have the configuration ¢rans-2-bromoneomenthol (VIII). Similar 
treatment of the ester, m. p. 105°, yielded a substance which corresponds closely to the 
properties expected for the unknown enantiomorph of (—)-neocarvomenthol ™ (IX). 
The bromohydrin is thus trans-3-bromoneocarvomenthol (X). Preliminary attempts to 
achieve these relations with chlorohydrins were unsuccessful as the chlorine atoms did not 
undergo hydrogenolysis. Although the reported reductions may proceed by way of epoxide 
intermediates the stereochemistry of the products will not be altered. 

Reaction of the ester, m. p. 99°, of the bromohydrin (VIII) with potassium hydroxide 
gave the epoxide (XI); and its isomer (XII) was prepared similarly from the ester of 
m. p. 105°. The epoxides regenerated virtually pure bromohydrins. Hydration of the 
epoxides gave (-}-)-trans-2-hydroxyneomenthol (V) as the major product in both cases, 
whose structure may now be regarded as established. It is apparent that the proportion 
of bromohydrins originally separated indicates a predominance of the oxide (XII) in the 
mixture derived from the menth-2-ene, as expected for the least hindered mode of attack. 

The configurations of the efs-diols have been confirmed in the following way. Conver- 
sion of the bromohydrin (VIII) into its acetate and reaction with silver acetate in moist 
acetic acid 8 gave cis-2-hydroxyneomenthol (1). Similar treatment of the bromohydrin 
(X) yielded cis-2-hydroxymenthol (II). In view of the mechanism ™ of these inversions, 
these structures may be regarded as established. The best overall yields of the cis-diol 
mixture involved conducting this inversion directly on the mixture of bromohydrin acetates, 
although this required more steps than in the method described by Ginsburg.* 

It is known that the rupture of epoxides in rigid structures produces axial substituents." 
For non-rigid systems it is necessary to consider the rupture of the possible conformations 
of each epoxide.!® If boat structures are neglected, the epoxide (X1) may be regarded as 
(XIII) or (XIV), and (XII) as (XV) or (XVI) (RK == Me, R’ = Hin all cases), The confor 
mations (XIII) and (XV) bearing pseudoequatorial alkyl substituents would exist in 
greater proportions. Application of the Fiirst-Plattner rule to these conformations 
involves rearside attack at position 2 and 3 respectively, yielding trans-2-hydroxyneo 
menthol (XVII or V). Rupture of the less stable conformations (XIV) and XVI) would 
proceed similarly by attack at position 3 and 2 respectively, giving initially (XVIII) which 
would undergo conformational inversion yielding the all-equatorial isomer, trans-2 
hydroxymenthol (VI). The effect of steric factors on the rates of rupture of the different 
conformations would be slight, although the forms (XIV) and (XVI) might be expected 
to react somewhat slower than (XIII) and (XV) since greater hindrance will be exerted 
by the pseudoalkyl groups in the transition state 


(ancien and Read, J., 1934, 233; 1035, 1138 
Vinstein and Buckles, /. Amer. Chem. Soc., 1942, 64, 2787 

First and Seotoni, Helv. Chim. Acta, 1953, 96, 1410 

Angyal, Chem. and Ind., 1954, 1230; Bose, Chaudhuri, and Bhattacharyya, thid., 1963, 1257 
Newth, ibid., p. 1257; Cookson, i/id., 1964, 223; Overend and Vaughan, idid., 1965, 996 
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If these considerations are correct, the mixture of diols arising from the rupture of the 
epoxide mixture would consist almost entirely of the diol (XVII). Measurement of the 
rotation of the diol mixture indicates 90%, of (XVII) and 10% of (XVIII). 

imilar reasoning may be applied to the rupture of the epoxides derived from cis- 
menth-2-ene. The epoxide (XIII, X1V; R =< H, R’ = Me) will be more stable as (XIII) 
although the energy difference between the conformations will be considerably less than 


(X11) 


I 
Jf 


(XIV) (XVITN) (XVI) 


with trans-p-menthane epoxides, The two conformations should have similar rates of 
rupture. On the other hand, the epoxide represented as conformation (XV, XVI; R = H, 
KX’ -= Me) should be more stable as the former and undergo attack somewhat more readily 
than (XVI) in which this attack is hindered by the larger isopropyl group. We should 
thus expect a mixture of glycols with trans-2-hydroxyneoisomenthol (XVII; R H, 
I’ Me) in slight excess, corresponding to rupture of (XV) and (XIII). Previous work ™ 
indicates this to be the ease. Rupture of the epoxides (XI and XII) with hydrogen bromide 
has so far failed to yield products with equatorial-bromine and -hydroxyl groups, the two 
observed products (III and IV) corresponding to attack of (XIII and XV; R Me, 
<’ -- H) by bromide ion. This may be due to the expected greater degree of hindrance 
to bromide-ion attack on the conformations (XIV, XVI; R Me, R’ H). 

lhe oxidation of cis- and trans-cyclohexane-1 ; 2-diol by periodate has been examined 
kinetically by Price and his co-workers.4® They carried out oxidations at various initial 
and showed the reaction to be bimolecular and subject to acid-catalysis. In 
reproducible rate constants could be obtained only by operation in buffered 
olutions. Taylor '7 has discussed the variation in rate constant with different proportions 
of ethylene glycol and periodate, and we find a similar increase in the rate constant with 
increasing periodate concentration for both cis- and trans-cyclohexane-1 : 2-diol. 


pH value 


our hand 


Oxidation of diols (0-O1m) with potassium periodate (0-006m) 
in buffer pH 10-5 at 25°. 
hy hs 
(1. mole"! (1. mole"? 
Diol min!) Diol min.~*) 


loHexane-1 : 2-diol ............ 12 |-)-cis-2-H ydroxyneotsomenthol 
loliexane-1L ; 2-diol ‘ O-70 +-)- and (—)-trans-2-Hydroxymenthol 
-Hydroxyneomenthol . ay +-)- and (+-)-trans-2-Hydroxyneomenthol 
2-Hydroxymenthoi . ro 43 }-)-trans-2-Hydroxytsomenthol 


We have therefore mieasured the oxidation rates of the available p-menthane-2 : 3 
diols at fixed reactant concentrations. The results given in the Table show that the 


46 Price and Kroll, J. Amer. Chem. Soc,, 1938, 60, 2726; Price and Knell, ibid., 1942, 64, 552 
'? Taylor, bid., 1953, 75, 3912 
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cis-glycols are oxidised much faster than cis-cyclohexane-| : 2-diol. Similarly trans-2- 
hydroxymenthol and trans-2-hydroxyisomenthol with conformations stabilised as di- 
equatorial 2; 3-diols react faster than trans-cyclohexane-1 ; 2-diol. The very slow rate 
of oxidation of trans-2-hydroxyneomenthol must arise from its diaxial 2 ; 3-diol structure. 
This does not imply that this structure is oxidised since the reaction may proceed by way 
of the diequatorial diol structure present in the inverted conformation. 

In general, the relative rates of oxidation can be reconciled with the strain associated 
with the formation of a cyclic complex in which the C-O bonds are rotated to some degree 
of coplanarity.!* 

The similarity of the rotations of the cis-diols and their respective derivatives is 
noteworthy. 


EXPERIMENTAL 


Light petroleum refers to the fraction of b. p. 60—70°. Rotations were measured in CHCl, 
in a 1 dm, tube. Esterifications were normally carried out with a large excess of the acid 
chloride in pyridine during 48 hr, 

cis-Hydroxylation of (-+-)-trans-Menth-2-ene.—-The hydrocarbon (12 g.) in ‘ AnalaR ”’ 
acetic acid (300 ml.) was stirred mechanically and powdered silver acetate (27-4 g.) was added 
during 10 min. Jlodine (19-5 g.) was added during 30 min., and the mixture heated at 100° 
for 3 hr. with a solution (4%) of water in acetic acid (33 ml.). Salt (66 g.) was added to the 
cold solution which was stirred for a further 30 min. The precipitate was separated and washed 
with hot benzene (100 ml.), and the combined filtrates were evaporated under reduced pressure. 
Hydrolysis of the residue with potassium hydroxide (6-5 g.) in methanol (50 ml.) overnight 
and isolation in the usual manner gave a fraction (11 g.), b. p. 104—114°/4 mm., which 
was esterified with p-nitrobenzoyl chloride. The ester (20 g.) in light petroleum—benzene 
(10: 1) was absorbed on alumina (260 g.). Elution with light petroleum—benzene (5: 1) 
yielded mixed crystals, m. p. 155°, alone or mixed with a sample derived from esterification of 
the hydrogenation product of (-+-)-2-hydroxymenthone.* Elution with light petroleum 
benzene (1: 1) gave (-+-)-cis-2-hydroxyneomenthol di-p-nitrobenzoate (0-5 g.) (Found: C, 61-2; 
H, 56; N, 59. CyH,,O,N, requires C, 61-3; H, 5-5; N, 6-0%) as pale yellow prisms, m, p 
162° after repeated crystallisation from methanol-chloroform, Elution with benzene and 
crystallisation from methanol-chloroform afforded the di-p-nitrobenzoate of ( -4-)-cis-2-hydroxy- 
menthol (3-0 g.) as pale yellow rhombs, m, p. and mixed m. p. 165—-166°. The mixed crystals 
(6-5 g.), on further chromatography, afforded the esters of (-+-)-cis-2-hydroxymenthol (1-5 g.) 
and (-{-)-cis-2-hydroxyneomenthol (0-7 g.). A similar reaction and esterification of the mixed 
diols (13 g.) with m-nitrobenzoyl chloride yielded after chromatography and fractional crystal 
lisation mixed crystals (8-4 g.), the di-m-nitrobenzoate of ( +-)-cis-2-hydroxyneomenthol (1-8 g.) 
which formed pale yellow rhombs, m, p. 103° (Found: C, 61-6; H, 569; N, 62. Cy HygN,0O, 
requires C, 61-3; H, 5-5; N, 60%), and of (-+)-cis-2-hydroxymenthol (46 g.), m. p. 152° 
(Found: C, 61-6; H, 5-6; N, 61%), as prisms from chloroform—methanol. Hydrolysis of 
either the m-nitrobenzoate, m. p. 103° or the p-nitrobenzoate, m. p, 162°, in the usual way and 
distillation at 100° (bath)/0-5 mm. gave (--)-cis-2-hydrovyneomenthol, m, p,. 54° (Found: 
C, 60-2; H, 11-8. Cy HO, requires C, 69-7; H, 116%). The monotoluene-p-sulphonate, 
prepared by means of the acid chloride (1-5 mols.) in pyridine during 24 hr., crystallised from 
light petroleum as needles, m. p. 99° (Found: S, 10-0. Cy,H,0,S requires 5S, 98%). The 
original sample of cis-2-hydroxymenthol di-p-nitrobenzoate had m, p. 165-—-166° after 
repeated crystallisation from ethanol. Esterification of a fresh sample of this diol with m-nitro- 
benzoyl chloride gave the ester, m. p. and mixed m. p. 152°, The monotoluene-p-sulphonate, 
prepared from each sample, had m. p. and mixed m. p. 124° (Found: C, 63-0; H, 7-9; S, 10-0 
C,,H,,O,5 requires C, 62-6; H, 8-0; S, 9-8%). 

Hydroxylation of (4-)-trans-p-Menth-2-ene with Pevacetic Acid.--Hydrogen peroxide (30% ; 
$6 ml.) and acetic acid (340 ml.) were kept at 80° for 1 hr.; (-+-)-tvans-p-menth-2-ene (n¥? 
1:4460, d3) 0-8074, (a)? + 125°; 30g.) was added; after being kept at 50° for 45 hr., the mixture 
was poured into water and extracted with benzene (4 x 100 ml.), and the extract washed with 
5°, aqueous sodium carbonate and water. Removal of the solvent left the crude mixture of 


5%, 


monoacetates (25 g.), which was hydrolysed by potassium hydroxide (20 g.) in boiling water 


‘* Angyal and Macdonald, J., 1952, 686. 
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(70 ml.) for 2 hr. Continuous extraction with ether and evaporation of the dried extract gave 
the crude diol {18 g.; [a]}? + 28-5° (¢ = 1-0)} which was added to the product (10 g.) from a 
previous preparation and distilled. Four fractions collected were: (i) 5-2 g., b. p. 68—124°/8 
mm.; (ii) 14 g., b. p. 124—128°/8 mm.; (iii) 9-3 g., b.p. 128-—-132°/8 mm., and (iv) 9-8 g., 
b. p. 132-—-136°/8 mm. 

Vractions (ii) and (iii) were esterified with p-nitrobenzoyl] chloride in the usual way, and the 
crude ester (22 g.) in light petroleum~—benzene (4; 1) was chromatographed on alumina (200 g.). 
Elution with benzene yielded trans-2-hydroxyneomenthol (—)-di-p-nitrobenzoate (5-3 g.) as pale 
yellow prisms, m. p. 174°, [aJi* —70-5° (c 1-0), after crystallisation from methanol-chloroform 
(Found: C, 61-6; H, 6&7; N, 59. CyHyO,N, requires C, 61-3; H, 5-5; N, 60%). The 
intractable oil (9-0 g.) obtained by elution with light petroleum—benzene (4:1 and 2:1) in 
light petroleum—benzene (10: 1) was re-chromatographed on alumina (180 g.). Elution with 
the same solvent yielded the (-4-)-di-p-nttrobenzoate of trans-2-hydroxymenthol (0-4 g.) as pale 
yellow needles, m. p. 141°, [a)#” +4 235° (¢ 0-5), after five crystallisations from light petroleam- 
chloroform (Found: C, 61-2; H, 5-4; N, 64%). Elution with benzene gave a second crop of 
the di-p-nitrobenzoate, m, p, 174° (1-1 g.). Similar treatment of fraction (iv) yielded the ester, 
m. p. 141° (0-2 g.), and the ester, m. p. 174° (7-0 g.). The diol mixture prepared by hydration 
of the epoxides ” was separated in the same way. 

(| )-trans-2-Hydroxwyneomenthol.-The di-p-nitrobenzoate, m. p. 174°, was hydrolysed in 
the usual way, and, after removal of the methanol by fractional distillation, the residue was 
continuously extracted with ether. Evaporation of the dried extract and distillation of the 
residue gave diol (1-8 g.), b. p. 132°/10 mm,, (a)? -+-40-8° (c 1-0) (Found: C, 69-6; H, 11-8; 
CygligoO, requires C, 69-7; H, 11-6%). The bis-3 : 5-dinitrobenzoate crystaliised from ethanol- 
chloroform as pale yellow prisms, m. p. 200°, (a)? + 95-2° (c 0-7) (Found: C, 61-5; H, 46; 
N, 10-2. Cyl O Ny requires C, 61-4; H, 44; N, 100%). The bisphenylurethane, prepared 
at 150° in the absence of solvent, crystallised from acetone-hexane as needles, m. p. 86--—-88°, 
(a)\? — 64-8” (6 1-3) (Found: N, 67. CygHsgO,.N, requires N, 6-8%). 

(—)-trans-2-Hydroxymenthol,—The di-p-nitrobenzoate, m. p. 141° (1-2 g.), was hydrolysed 
with methanolic potassium hydroxide as before, Continuous extraction of the aqueous filtrate 
with ether yielded the diol (0-5 g.). Wasteful crystallisation of the original material from water 
containing a little methanol gave the pure diol as needles, m. p. 85°, [a}}° —9-3° (c 0-5) (Found : 
C, 70-2; H, 11-65. CygHy,O, requires C, 69-7; H, 116%). The bis-3 : 5-dinitrobenzoate 
crystallised from methanol~benzene as needles, m. p. 192-5°, [«}}? +-96° (c 0-5), retaining benzene 
of crystallisation (Found: C, 63-3; H, 48; N, 9-7, CygHO,,N,,0-33C,H, requires C, 53-2; 
H, 44; N, 96%). <A bisphenylurethane, prepared as above, crystallised as needles, m. p. 186°, 
(a}\® —19-1° (c 0-7) (Found; N, 7:3%). 

Hydroaylation of (4-)-trans-p-Menth-2-ene by the Prévost Reaction.—(i) A solution of iodine 
(12-7 @.) in anhydrous benzene (120 ml.) was added dropwise to a stirred suspension of silver 
benzoate (32-3 g.) in benzene (160 ml.),  (-+-)-¢vans-p-Menth-2-ene (7-8 g.) in benzene (30 m1.) 
was added slowly, and the mixture refluxed for 3 hr. and then filtered. The residue was washed 
with chloroform (150 mL), and the combined filtrates were washed with 5%, aqueous sodium 
hydroxide (2 « 100 ml.), then water, and dried. Evaporation gave the crude benzoates 
(14-0 g.) which were chromatographed on alumina, Elution with hexane-benzene and benzene 
failed to yield any crystalline fraction, and the combined material was hydrolysed with meth- 
anolic potassium hydroxide in the usual way. The diol (1-5 g.; b. p. 90-—102°/0-2 mm.) gave 
a crude p-nitrobenzoate (4-0 g.) which was chromatographed in benzene-hexane (1: 10) on 
alumina (80g.), Elution with this solvent afforded the (-+-)-p-nitrobenzoate of trans-2-hydroxy- 
menthol (1-05 g.), and benzene eluted the (—)-p-nitrobenzoate of trans-2-hydroxyneomenthol 
(O-B 2 

(ii) lodine (12-7 g.), silver p-nitrobenzoate (38-8 g,}, and (-+-)-trans-p-menth-2-ene (7-8 g.) 
were caused to react, and worked up as above, the alkaline washing being omitted, The product 
(18-5 g.) in benzene-hexane (1: 10) was chromatographed on alumina (200 g.), Elution with 
this solvent gave an todohydrin p-nitrobenzoate (0-35 g.) which crystallised from methanol as 
needles, m. p. 137° (Found: C, 47-3; H, 6-2; N, 31. C,,H,,O,NI requires C, 47-3; H, 5-1; 
N, 32%). Other eluants gave fractions which failed to crystallise 

cis-Hydroxylations.—(a) (+-)-trans-p-Menth-2-ene (1-0 g.) was treated with osmium tetroxide 
(1 g.) by the usual method.“ The partly crystalline product (0-7 g.) in light petroleum was 
chromatographed on alumina (15 g.). Elution with ether~benzene (1:1) gave prisms, m. p. 
58° (0-45 g.). Recrystallisation could not be achieved. Esterification gave (—)-cis-2-hydroxy- 
menthol di-p-nitrobensoate, m. p. 108°, (ai? — 165° (c 0-6), as pale yellow needles, after three 
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crystallisations from methanol (Found : C, 61-7; H, 5-5; N, 61. C,,H,,O,N, requires C, 61-3; 
H, 5-5; N, 60%). 

(b) (+-)-trans-p-Menth-2-ene (16 g.) was treated with silver acetate, iodine, and aqueous 
acetic acid as for the inactive hydrocarbon and after hydrolysis, isolation, and distillation gave 
a fraction (12 g.), b. p. 110—118°/4 mm., [a]? --10-6° (¢ 4-0), Esterification with p-nitro- 
benzoyl chloride gave the crude ester (20 g.) which was dissolved in light petroieum—benzene 
(10: 1) and absorbed on alumina (250 g.). Elution with light petroleum—benzene (1: 5 and 
1: 1) gave a mixture (6-0 g.) which on fractional crystallisation from methanol-chloroform gave 
the (—)-di-p-nitrobenzoate of cis-2-hydroxyneomenthol (2-1 g.) as pale yellow prisms, m. p, 
160°, [a)}? —170° (c 1-0) (Found: C, 61-5; H, 5-5; N, 62%). Elution with benzene afforded 
the (—)-di-p-nitrobenzoate of cis-2-hydroxymenthol (3-6 g.) as needles, m. p. 108”, alone or 
mixed with a sample obtained by use of osmium tetroxide. A similar chromatogram of crystals 
(6-0 g.) isolated from mother-liquors gave di-p-nitrobenzoates, m. p. 108° (2:3 g.) and 169° 
(1-0 g.). 

(c) The epoxide mixture (14-5 g.) derived from (-+-)-trans-p-menth-2-ene ® (15 g.) in absolute 
ether (100 ml.) was saturated with dry hydrogen bromide at 0°. Ice was added and the 
ethereal layer washed with aqueous sodium hydrogen carbonate and dried. The product 
(15-8 g.) had b. p. 80—82°/0-4mm. A portion (10 g.) was esterified with p-nitrobenzoyl chloride, 
Crystallisation of the product from methanol-chloroform afforded (—)-trans-3-bromoneo- 
carvomenthol p-nitrobenzoate (7-5 g.) as large pale yellow prisms, m. p. 105°, [a]}* —35-2° (¢ 1-2) 
(Found: C, 52-9; H, 6-2; N,3-6. C,,H,,O,NBr requires C, 53-1; H, 5-7; N,3-6%). Fraction- 
ation of the residue from methanol afforded a further quantity of the above ester (1-0 g.) and 
the ester (1-6 g.), m. p. 99°, [a}}? —652-7° (c 1-4), of (—)-trans-2-bromoneomenthol (Found ; 
C, 53-0; H, 56%). The remainder of the bromohydrin mixture (5-8 g.) was acetylated with 
acetic anhydride and sulphuric acid, and the acid removed with calcium carbonate. Distillation 
of the filtrate yielded the acetate mixture (5-8 g.), b. p. 134-—137°/18 mm., which was added to 
freshly prepared silver acetate (4-5 g.) in “ AnalaR "’ acetic acid (100 ml.) containing water 
(0-5 ml.) and heated at 100—115° with stirring for 11 hr. The precipitate was separated and 
washed with benzene. The combined filtrates were evaporated under reduced pressure and the 
residue was hydrolysed in the usual way. Isolation with ether yielded the mixture of cis-diols 
(2-75 g.), b. p. 87—88°/0-3 mm., m. p. 60-—62°, a part (1-8 g.) of which was esterified and 
separated as in (b), to give the ester of (—)-cis-2-hydroxymenthol (2-5 g.) and of (—)-cis-2- 
hydroxyneomenthol (0-6 g.). 

(—)-cis-2-Hydroxymenthol.—Hydrolysis of the di-p-nitrobenzoate, m, p. 108°, gave the 
diol which, after vacuum-sublimation, had m. p. 67°, {|}? —32-0° (¢ 1-0) (Found: C, 69-8; 
H, 11-7. CygH, 0, requires C, 69-7; H, 11-6%). The bisphenylurethane crystallised from 
acetone-hexane as needles, m. p. 168°, [a)\* — 113° (c 1-4) (Found: N, 68. C,,H,,O,N, requires 
N, 68%). The monotoluene-p-sulphonate was prepared with an excess of the acid chloride in 
pyridine, yielding prisms, m. p. 80°, [a]i? —60° (c 0-8), from hexane (Found: C, 62-5; H, 8-0; 
S, 9-9. C,,H,,0,S requires C, 62-6; H, 8-0; S, 98%) 

(—)-cis-2-Hydroxyneomenthol.—A similar hydrolysis of the di-p-nitrobenzoate, m, p. 169° 
(1-2 g.), gave the diol (350 mg.) which after vacuum-sublimation had m. p. 81°, [a]i* —29-4° 
(c 1-2) (Found; C, 70-1; H, 12:1%). A mono-3 : 5-dinitrobenzoate crystallised from methanol 
as needles, m. p. 209°, OK —46-9° (c 0-6) (Found: C, 55-7; H, 61; N, 7-8, Cy,Hy,O,N, 
requires C, 55-7; H, 6-0; N, 7:7%). The bisphenylurethane crystallised from acetone-hexane 
as needles, m. p, 182-5°, [a]}® —113° (c 1-0) (Found: N, 68%). The monotoluene-p-sulphonate 
crystallised from hexane as prisms, m. p. 115°, {a]}? —60-3° (c 1-0) (Found: C, 62-8; H, 8-0; 
S, 99%). 

Reaction of the Mixed Epoxides with Hydrochloric Acid.—The epoxide mixture (15 g.) was 
shaken overnight with 10% hydrochloric acid (200 ml.), and the solution continuously extracted 
with ether. Fractionation gave unchanged epoxide (9-5 g.) and a viscid fraction (5-4 g.), b. p 
82-—90°/0-4 mm, Esterification and crystallisation from chloroform-methanol gave the 
chlorohydrin p-nitrobenzoate as prisms, m. p. 127°, [a)* —21-1° (c¢ 2-5) (Found: C, 59-8; H, 7-0; 
N, 41; Cl, 10-4. C,,HgyO,NCI requires C, 60-1; H, 65; N, 4-1; Cl, 106%). The mother 
liquors afforded the p-nitrobenzoate (1-0 g.) of (+-)-trans-2-hydroxyneomenthol, Attempted 
hydrogenolysis of the chlorohydrin ester (platinum at 80°/400 Ib. per sq. in.) afforded the 
p-aminobenzoyloxy-compound as needles, m. p. 93-5", [a})” — 34° (¢ 1-3) (Found: C, 65-7; H, 7-9; 
N, 4:5; Cl, 12-0. C,,H,,O,NCI requires C, 65-7; H, 7-8; N, 45; Cl, 11-4%), from hexane 
This ester produced the chlorohydrin, isolated as the p-nitrobenzoate, on treatment with excess 
of lithium aluminium hydride in boiling ether during 8 br. 


2370 Stereochemistry of cycloHexane Derivatives. Part 11]. 


Reactions of (-—)-trans-2-Bromoneomenthol and (-—)-trans-3-Bromoneocarvomenthol.—(a) 
The p-nitrobenzoate, m. p. 99° (1-7 g.), in ether (50 ml.) was added to a stirred suspension of 
lithium aluminium hydride (0-8 g.) in ether (150 ml.), and the mixture was boiled for4hr. After 
decomposition with dilute sulphuric acid the ether layer was separated and dried, Evaporation 
gave a residue which was washed with light petroleum (b. p. <40°) and the insoluble azobenzyl 
alcohol separated, The petroleum residue on esterification gave (—)-neomenthy]l 3 ; 5-dinitro- 
benzoate, m. p. 153°, Similar reduction of the bromohydrin p-nitrobenzoate, m. p. 105°, and 
esterification of portion of the product gave (-+-)-neocarvomenthyl 3 : 5-dinitrobenzoate, m. p. 
128-5°, (a|\’ +-23° (c 1-6) (Found: C, 58-0; H, 64; N, 80. C,,H,,O,N, requires C, 58:3; 
H1, 6-4; N, 80%), as needles from methanol. The remainder of the product after crystallisation 
from light petroleum afforded the p-nitrobenzoate as prisms, m. p. 95°, (a)! +-24° (c 1-3) (Found : 


C, 67-0; H, 7:7; N, 46. Cy,HO,N requires C, 66-9; H, 7-5; N, 46%). 

(b) The p-nitrobenzoate (2-5 g,), m. p. 99°, of (—)-trans-2-bromoneomenthol with potassium 
hydroxide (10 g.) in methanol (30 ml.) was distilled in steam, After isolation with ether the 
epoxide was shaken with 5% aqueous perchloric acid (15 ml.) for 3 hr. Extraction with ether 
and esterification gave (-+-)-trvans-2-hydroxyneomenthol di-p-nitrobenzoate, m. p, and mixed 
m. p. 173° after crystallisation from ethanol. 

)-tvans-3-Bromoneocarvomenthyl p-nitrobenzoate (17-5 g.), m. p. 105°, was converted 

) the epoxide in the same way. The pure product (2-5 g.) had b. p. 82°/17 mm., ni? 1-4538, 

z\\" +49-3° (c 0-8) (Found: C, 77-9; H, 11-8. CygH,,O requires C, 77-9; H, 11-7%). 
Hiydration with aqueous perchloric acid as above and esterification afforded the same ester, 
m. p. 173 

c) The epoxide (0-35 g.), derived from the bromohydrin p-nitrobenzoate of m. p. 99°, in 
ether was saturated with hydrogen bromide at 0°, Isolation in the usual way gave the bromo- 
hydrin which was acetylated with acetic anhydride and sulphuric acid. The bromide acetate 

as treated with silver acetate in moist acetic acid as described for the reaction with the mixture 
of bromohydrins. Hydrolysis of the acetate gave (—)-cis-2-hydroxyneomenthol, m. p. 79-5° 
alone or mixed with a sample derived previously. Preparation of the monotoluene-p-sulphonate 
confirmed the identity. 

This reaction sequence was also applied to the epoxide derived from the bromohydrin 
p-nitrobenzoate, m, p. 105°, The bromohydrin on distillation had m, p. 30°, [a)}? + 34-8° 
(c 1-5) (Found: C, 61-5; H, 81; Br, 33-8. C,,H,OBr requires C, 51-1; H, 8-1; Br, 340%). 
lhe derived acetate (2-9 g.) was a liquid, b. p. 72°/0-1 mm. It was treated similarly with silver 
acetate in moist acetic acid and after hydrolysis, isolation, and sublimation at 50°/0-5 mm. 
yielded )-cis-2-hydroxymenthol (1-4 g.), m. p. 65-—66° alone or mixed with material obtained 
previously 

Periodate Oxidations,—Solutions of glycol (0-01mM) and potassium periodate (0-006mM) were 
made up in buffer, pH 10-6, prepared by addition of 0-1N-hydrochloric acid (100 ml.) to sodium 
carbonate (5-301 g.) in water (500 ml.) and dilution to 11. Equal volumes of diol and periodate 
were mixed and kept at 25° and the reaction followed by quenching aliquot parts (5 ml.) in 
borate buffer, pH 7-8 (15 ml.). The iodine was estimated with 0-005n-sodium arsenite. Kate 
constants were calculated by the usual method and were reproducible within 5%. 


Microanalyses were performed by the C.S.1,.R.O. Microanalytical Laboratories, We thank 
Professors A. K, Macbeth and G, M. Badger for their interest. One of us (B. M.) acknowledges 
a research fellowship from 1I.C.1,A.N,Z, 
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458. The Relative Tendencies of Simple Monoamines to form Co-ordin- 
ation Compounds : The Stability Constants of Some Amine-Platinous 
Complexes.* 


By J. Caatt and G. A. GAMLEN. 


The equilibrium constants (AK, and A, respectively in Table 1) have been 

determined for the reactions : 
C,H, PtCl,~ + am —= trans-C,H,amPtCl, -+- Cl 

and trans-C,H,,H,OPtCl, + am = trans-C,H,amPtCl, + H,O where 
am = anamine. In this way the relatively weak affinity of simple tertiary 
alkylamines for platinum(m) is quantitatively demonstrated. Possible 
causes of this weakness are discussed. Two platinous complexes containing 
simple tertiary alkylamines as ligands have been isolated, viz., trans 
C,H,,NMe,PtCl, and its 1-methylpiperidine analogue 


SIMPLE tertiary amines, other than heterocyclic amines of the pyridine type, do not usually 
give co-ordination complexes with salts of the transition metals. On the other hand, the 
tertiary amino-group will co-ordinate to metals, albeit somewhat weakly, when it is part 
of a chelate ligand containing a strongly co-ordinating group. Even those metals which 
are wel! known for the variety and high stabilities of their complexes, e.g., Co(1m), Ru, Os, 
Kh, Ir, Pd, and Pt, form very few complexes with simple tertiary alkylamines. 

The opportunity to obtain some quantitative measure of the relative tendencies of one 
of these metals to co-ordinate with ammonia and the simple alkylamines was presented by 
the discovery that the ethylenetrichloroplatinite ion C,H ,PtCl,~ behaves as a labile complex 
so far as the chlorine atom in the trans-position to the ethylene molecule is concerned. 
Leden and Chatt* have already used this lability to determine the relative tendencies of 
platinum(l) to form complexes with the halide ions and thiocyanate ion, and we now 
record similar determinations of the affinity of ammonia and amines for platinum(). The 
methylamines were especially chosen for study because steric effects would be smallest in 
the series methylamine, dimethylamine, and trimethylamine. 

In an aqueous solution of Zeise’s salt, KC,H,PtCl,, the equilibria (1) and (2) are 
established immediately. 


C,H,PtCl,~ + H,O = trans-C,H,,H,OPtCl, + Cl 


trans-C,H,,H,OPtCl, = trans-C,H,PtCl, OH” +- H' i 


On the addition of an amine salt (amHX) containing an anion (X) of negligible 
complexing power (such as perchlorate), two further independent equilibria are rapidly 
established : 

C,H,PtCl,~ +- amH* = trans-C,H,,amPtCl, + Cl” + H’' a 


amH! == am -- H' 2 pew = oe eee 


All the species in equations (1)-——(4) are in equilibrium with one another, but the 
constants of the above equilibria are sufficient to define their concentrations. We shall 
denote these constants by K,, Ky, Ky, and K, respectively. K, is small (80 405 x lo 
at ionic strength 0-2 at 25°).* Ky, is of the order * of 10°° and K, is <10"; in solutions of 
pH <3 the formation of hydroxy-complex by reaction (2) is scarcely significant, and that of 
free amine by reaction (4) is sufficiently suppressed to become negligible. Equilibrium (3) 
is by far the most important in the solution. 

The equilibrium constants were determined by measuring the hydrogen-ion con 
centrations in solutions containing known quantities of Zeise’s salt and amine perchlorate, 

* Throughout this paper the square brackets normally used to enclose Werner complexes have been 
omitted to avoid confusion with square brackets used as a symbol for concentration 


+ Mann and Stewart, /., 1955, 1269, and previous references quoted therein 
+ Leden and Chatt, /., 1955, 2936. 
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Allowance was made for the presence of the aqua- and hydroxy-complexes when this was 
necessary. K, was measured independently by using solutions of amine and perchloric 
acid (Table 1). All measurements were made at an ionic strength of about 0-2 and 23°, 
and the constants are concentration constants, valid only under those conditions, Amine 
perchlorate and perchloric acid were used to provide the ionic medium and maintain the 
ionic strength. 

The equilibria of greatest interest are those concerning the direct replacement of a 
chloride ion or a water molecule by a molecule of monoamine : 


CAH, PtCi,” + am == trans-C,H, amPtCl, + Clo. .  .  (5) 
trans-C,H,,H,OPtCl, +- am = trans-C,H,amPtCl, 4+ H,O . . (6) 


he former is of interest because most of the common methods available for the prepar- 
ation of platinous complexes involve the replacement of chloride ion by some other ligand. 
he latter refers to the formation of the amine complex from the aqua-complex and so is 
comparable with the stability constants which are available in the literature * and refer to 
the stabilities of the amine complexes of other metals. The constants of the above two 
equilibria, K, and Kg, were therefore evaluated and are listed in Table 1. Their exponents, 
which are proportional to the free energies of formation of the amine complexes by reactions 
(5) and (6), are also listed for comparison with existing data of this type. 


Tan_e 1, The formation constants of the amine complexes trans-C,H,,amPtCl, according 
to equations \5) and (6), and the acid dissociation constants (K,) of the tons amH"*, all 
at tonic strength 0-2 and 23°. 

lotkK, log K, 1o*K, log K, pk, 
Ammonia 3 53 67 9-25 +. 0-03 
NS |E te ER ey, 10 61 430 10°74 -+- 0-05 
Dimethylamine 4-+-% 55 110 10-86 -+- 0-02 
lrimethylamine Aye ~3-0 AB rw Be! 9-89 + 0-05 


Apert Redadenpendveovenistes as j 5&7 170 § 11-07 +. 0-04 


1-Methylpiperidine 4:3 7 10-02 +. 0-05 

Certain difficulties, described in the Experimental section, were experienced in the 
measurements involving the tertiary amines, but there is no doubt about the order of their 
constants given in Table 1. Attempts to obtain constants for the corresponding equilibria 
involving aniline and pyridine failed owing to the low solubilities in water of trans- 
CH,,PhyNH,PtCl, and trans-C,H,,pyPtCl, respectively. 

Since the amines are the fourth ligands to enter the platinous complex it might be 
argued that A, should be compared with the fourth stability constants in other metal 
salt-amine systems. However, the statistical factor will be different because in the 
platinous system only one and not four amine molecules are held in equilibrium with the 
solution. It might equally well be argued that K, should be compared with first stability 
constants since it is the first and only amine molecule held by the platinous salt in 
equilibrium with the solution. However one makes the comparison, the constants are 
amongst the highest complex formation constants of monodentate amines which have been 
measured 

Che only data sufficiently extensive for comparison are provided by J. Bjerrum’s 
studies * of metal ammine formation. It is at once apparent that the constant, K, 
6:7 x 10’, is very much higher than the fourth stability constants which have yet been 
observed in other metal ammine systems. The nearest is in the cobalt(111)-ammonia 
system and it is estimated to be 7-8 « 10° at 30° and ionic strength 2. All those of the 
bivalent metal ions in the first transition series are less than 150. The more correct 
comparison is very probably with the first stability constants. Even then K, is large, 
being exceeded only by that in the mercury(l)~ammonia system where the first constant 
i 56 x 10%. The first constant in the cobalt(11)-ammonia system is estimated at 


* Eg, |. Bjerrum, Chem, Reviews, 1950, 46, 381. 
* Jdem, “ Metal Ammine Formation in Aqueous Solution,’’ Haas and Son, Copenhagen, 1941. 
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2 x 10’, but even the most stable of the remaining metal ammine systems which have 
yet been examined (e.g., Cu** and Ag* with ammonia) have first constants <105, 

The low affinities of the trialkylamines for platinum(!!) as compared with ammonia are 
obvious from the constants in Table 1. Unfortunately, the first stability constants of only 
a few similar systems are available for comparison with these; those few are plotted in the 
Figure. 

Without examining more transition metal-monoamine systems and obtaining heats and 
entropies of the formation reactions, it is not possible to find out why the tertiary alkyl- 
amines co-ordinate to the transition metals so very much more weakly than the less basic 
ammonia, but the following points are now apparent. 

In ammonia and amines the electronic effects of replacing a hydrogen atom by a methyl 
group increase the electron-donor tendency of the nitrogen atom. Thus, if complex 
stability depended only on that donor tendency, the stability of the complexes should 
depend on the amine present in the complex and increase in the order of the amines, 
NH, < NMeH, < NMe,H < NMe,. This order of complex stability has not yet been 


4-0 a 
10-Or H 


The relative affinities of ammonia and methyl- 9-0 
amines for acceptor ions and molecules. 


+ 


The quantities plotted are: 
H’ : pK, at 23° and ionic strength 


0-2. 
Hg't :log ((Hgam*+)([Hg*t}“"[am]"), 
(i) at 22° and ionic strength 
2-0 for NH,, Pt (I) 
(ii) at 25° and ionic strength gy ° 
0-5 for NH,Me, from . BMe.atO 
ref. (3). 3 
: 10g ae at 23° and ionic strength 
irs. » Ral }[Ag'}"[am]"') at 
25° and ionic strength 0-5, 


from ref, (3). , o 
de K, at 0° and 100°, from BMe. at 00 
3 


5. ¢, Brown hd 
wh 7 NHMe NHMe, NMe 
"dailies 


“f/O0OL 3 


observed but would probably be found in complex formation with a proton (i.¢., “ onium "’ 
ion formation) in suitable organic solvents.® In all systems so far examined, trimethyl- 
amine (and other trialkylamines) form weaker complexes than would be expected if the 
basic strength of ammonia is assumed to be the norm and only electronic effects are taken 
into consideration. This deviation has been variously attributed to steric effects,* 
solvation effects,’ a consequence of the electroneutrality principle,* and, in the case of the 
transition metals, to interaction of the NH groups of the amine with d-orbitals 
of the metal atom.® Undoubtedly steric repulsion between donor and acceptor molecules 
(H. C. Brown's F strain) is predominant where bulky acceptor molecules are concerned ; 
¢.g., in the gaseous phase with tri-tert.-butylborine as acceptor the stabilities of the 
complexes decrease in the order NH, > NMeH, > NMe,H > NMe,.!° In aqueous 
solution even the proton complexes (“ onium ” ions) do not increase uniformly in stability 

* Cf. the butylamines, Bell and Bayles, J., 1952, 1578 

* H.C. Brown, Bartholomay, Jr., and aylor, J. Amer. Chem. Soc., 1944, 66, 435 

7 (a) Trotman-Dickenson, /., 1949, 1293; (b) Pearson and Williams, |]. Amer. Chem. Soc, 1964, 
76, 258; see also (c) Moore and Winmill, J/., 1912, 101, 1635, and (d) Frank and lvans, /. Chem Phys, 
1945, 18, 507 

* Pauling, J., 1948, 1461; see also Chatt and Wilkins, /., 1952, 4303. 

* Chatt, Duncanson, and Venanzi, J., 1965, 4461 

“ H.C. Brown, /. Amer, Chem. Soc., 1945, 67, 378 
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as hydrogen atoms are replaced by methyl groups; obviously some second factor increasing 
with increasing methyl substitution counters the electronic effects of methyl substitution 
(see Tigure). Four suggestions as to the nature of this second factor are current. 
H. ©. Brown © suggests that it is the steric effect of the greater crowding of the methyl 
groups in the amine complexes and aminium ions as compared with their less compact 
arrangement in the free amine (Bb strain). This effect wil) increase with increasing methyl] 
substitution. If it accounts for the apparent weakness of tertiary amines relative to 
primary and secondary amines, there can be no acceptor ion or molecule capable of yielding 
a complete series of methylamine complexes which increase in stability with increasing 
N-methyl! substitution of the amine, According to this explanation ammonia complexes 
are to be regarded as the most normal, and trimethylamine complexes as weakened by 
the steric effect. 

frotman-Dickenson ™ and Pearson and Williams ” suggest that the ammonium and 
aminium jons, and amine complexes in aqueous solution are stabilised by hydration. 
»trong hydration occurs by virtue of their positive charges and their N-hydrogen atoms 
which form hydrogen bonds to the solvent. Hence the hydration and so the stabilisation of 
the “ onium "’ ions and complexes decrease with increasing methy] substitution of the amine. 

Pauling ® has applied his principle of electroneutrality to afford an explanation. In 
complex formation a positive charge develops on the electronegative nitrogen atom. This 
charge can be dissipated to some extent by distributing it amongst the more electro- 
positive N-hydrogen atoms, and so complex formation will be assisted by increasing the 
number of N-hydrogen atoms, The last two explanations are related, because in aqueous 

olution the formation of hydrogen bonds to the solvent by the N-hydrogen atoms will 
assist still further the dissipation of the positive charge. Chatt, Duncanson, and Venanzi * 
have examined the infrared spectra of a large number of platinous complexes containing 
primary and secondary amines, and found some evidence of a direct interaction between 
the NH groups and the d or dp-hybrid orbitals of the metal atom. They suggested that 
the complexes containing N-hydrogen atoms are stabilised by that interaction, which they 
represented as a type of hyperconjugation or internal hydrogen bond, 

The last three explanations imply that in complex formation trimethylamine is to be 
regarded as the most normal, and that the complexes of the less highly methylated methy]- 
amines are stabilised relative to trimethylamine complexes by virtue of their N-hydrogen 
atom: 

The system which we have examined (eqn. 6) shows a greater weakening of the 
trimethylamine complexes relative to the other methylamine complexes than is found in 
any other completely investigated system shown in the Figure. This weakening of the 
trimethylamine platinous complex relative to the less methylated methylamine complexes 
cannot be attributed to greater B strain (see above) because this must be roughly constant 
lor all systems. Also, since we are concerned only with uncharged species (eqn. 6) which 
should be less hydrated than ionic species, it cannot be attributed to increased solvation 
effects of the type suggested by Trotman-Dickenson and by Pearson and Williams. 
Neither is there any obvious reason why electroneutrality of the nitrogen atoms should be 
any more difficult to attain in the platinous complex than in the other systems shown in the 
Figure. It seems that an additional factor must be responsible for the weakness of 
trimethylamine platinous complexes, and presumably the same factor would account for 
the almost complete absence of tertiary monoamine complexes of all the later transition 
metals of each series, 

There appear to be two possibilities, (a) that the weakness is caused by steric repulsion 
between the NMe, group and the remainder of the fvans-C,H,,NMe,PtCl, molecule 
(I strain), or (0) that the Pt-NH, bond is strengthened by interaction of the NH groups 
with d-orbitals of the metal atom.® In consideration of (a), atomic models show that 
steric repulsion between the acceptor and donor part of trans-C,H,,NMe,PtCl, should be 
about the same as in BMe,,NMe,, if we ignore the effects of hydration of the platinous 
complex. Since it is an uncharged complex it is unlikely to be strongly hydrated. (a) isa 
possible but not very probable cause of the relative weakness of trimethylamine platinous 
complexes. It would operate only in aqueous solution, whereas the trimethylamine 
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complexes, which we have prepared, are more unstable than the corresponding methylamine 
complexes, even in the solid state, and in non-aqueous solution. The explanation (6) would 
apply only to complex formation by metals near the end of each transition series, It 
would account for the fact, known from preparative work, that these metals form the most 
stable ammines, yet very weak trimethylamine complexes. The existence of an interaction 
between the d-orbitals and NH bonds was first suggested on the basis of spectroscopic 
evidence. We do not know whether this interaction is sufficiently strong to account for 
the enhanced stabilities of the platinous complexes of the less methylated methylamines, 
relative to the trimethylamine complex, but it is a possibility which would explain better 
than any other hypothesis the few data at present available. 

The heterocyclic tertiary aromatic amines, ¢.g., pyridine, which form stable complexes 
with the transition metals but have no N-hydrogen atoms, may owe the stability of their 
complexes to the interaction of the d-orbitals of the metal with the x-electronic system of 
the amine." 

When positively charged complexes of the metals near the ends of each transition series 
are considered, such an effect as (b) would operate together with solvation effects as 
described by Trotman-Dickenson and by Pearson and Williams. An even greater decrease 
in stability with increasing replacement of N-hydrogen atoms by methyl groups should 
therefore occur in such complexes. The few data available indicate that it does; e¢.g., the 
ammines of silver, cadmium, and mercury have about the same stability as their corre- 
sponding monomethylamine complexes (see Fig. and ref. 12), 

All the factors discussed above doubtless affect the stabilities of amine complexes in 
aqueous solution, but many more data are required before their relative importance can be 
reasonably assessed. Nevertheless the effects of hydration are probably important so far 
as charged complexes are concerned. The platinous system which we have studied (eqn. 6) 
is interesting because it concerns only uncharged species in aqueous solution, yet the 
deviation from the “ electronic "’ order of amine complex stability, viz., NH, < NMeH, 
NMe,H < NMe,, is greater than in the proton system, NH,’ < NMeH,* < NMe,H,’ 
NMe,H’, where the deviation is attributed to solvation enhanced by the positive charge 
carried by the ions. It seems certain that some factor other than hydration opposes 
complex formation in the ammines and amine complexes of the transition metals such as 
platinum, when the N-hydrogen atoms are replaced by methyl groups. The nature of the 
factor is less certain, but the interaction of the d-electron pairs in the transition metal with 
the N-hydrogen atoms of the amine is a probable explanation. This would enhance the 
stabilities of the ammines and less methylated methylamine complexes relative to those of 
trimethylamine, Similar considerations must apply to other alkylamine systems, but these 
contain larger alkvl groups, and steric repulsion (F strain) between acceptor and donor 
molecules or ions must eventually become a predominant factor opposing complex 
formation.'4 

EXPERIMENTAL 
(Microanalyses were made by Messrs. W. Brown and A. G. Olney of these laboratories.) 

Materials.—-The materials common to this work and that of Leden and Chatt were of the 
same quality and obtained in the way previously described.* Ammonium perchlorate was 
recrystallised from water and dried at 120°, The amine perchlorates, prepared directly from the 
amine and acid, are deliquescent and too soluble in water to be recrystallised satisfactorily from 
it. The three methylamine perchlorates were repeatedly recrystallised from ethanol, and the 
pyridine perchlorate from ethanol-water (3:1). The piperidine and 1-methylpiperidine 
perchlorates are very soluble even in organic solvents such as ethanol, acetone, and chloroform 
They were purified by three precipitations with ether from their acetone and chloroform 
solutions respectively 

Determination of the Equilibrium Constants 
constants K,, K,, and K,, and the known initial compositions and measured hydrogen-ion con- 
centrations of solutions co: taining the ethylenetrichloroplatinite ion and the amine perchlorate 


The constants were calculated from the known 


11 Burstall and Nyholm, /., 1952, 3570 
12 Spike and Parry, /. Amer. Chem. Soc., 1953, 76, 2726; lyfe, /., 1965, 1947 
H.C. Brown and Sujishi, /. Amer. Chem. Soc., 1948, 70, 2878 
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The hydrogen ion is liberated in establishing the equilibria (2), (3), and (4) and by the ionisation 
of the water itself, Since our measurements were carried out at pH <4, the hydrogen ion from 
the ionisation of water is negligible. The concentration acid dissociation constants (K,) of the 
ammonium and methylammonium ions were determined in 0-2m-concentration at 23° by 
Bjerrum’s method,“ They are listed in Table 1. 

Calculation of the constants, ‘The following symbols are used in the tables and mathematical 
equations for the derivatives of Zeise’s salt: Z = C,H,PtCl,~, Zy. = trans-C,H,H,OPtcl,, 
Zon = trans-C,H,PtCl,OH~, Z,,, = trans-C,H,amPtCl,. This notation being used, the 
constants K,, K,, and K, necessary to calculate K, and K, are given by : 


Ky = (Zyo)(CVYZ* = 90 x 10%, Ky = (Zoyl[H']Zuo]? = 10%, K, = (H*)[am)[amH*}*. 


The required constants are K, = [Z,,,)[Cl~}[Z)*[am]* and K, = (Z,,.)[Zq,o)*{am)"*. If we 
represent the initial molar concentrations of any substance, X, by C, then the quantities and 
equations necessary to calculate K, and K, are: 


ual oe RE 8 le we eee we le eae oe 
OP Eg SE, en er 
(Zen) = [H*] — Cuno, — (Zou) ~fam]) »- ». »- »~ » - ~ (9) 
fam] = K,(Cysncwo, ~ [H*] + Cuero, + (Zou)([H*T?. «© - ~ (10) 
Cz = (Z) + (Zum) + (Zuo) + (Zo) «© + © © © © + + (EN) 


In equation (9), [am], and in equation (10), (Z,,4] are negligible. Substituting from equations 
(7), (8), and (9) in equation (11), we find 


Cy Cy — (CI”] + Cea + (H*) — Cuero, + Ki(Cz — (Cl) + Cea) (Cry 


from which 


S1CI~} = Con + [18] — Come = Ky + 
{Cua + (H"] — Cuno, — K1)* + 4Ki(Cua + Cy)}! » - (12) 


Substituting this value of [Cl~] in equations (7) and (8), we can readily obtain all the quantities 
necessary to determine K,; K, is obtained from the relation, K, = K,K,". 

The hydroger-ion concentration ({H*}) was determined by measuring the e.m.f. (E,mv) of the 
following cell at 23° ; 

KC,H,Ptcl, (Cz) 
{ 0-01n-HCl amHClo, (0:2m — Cuno, — Cua) — 
Ag, AgCl 0:19M-NH,C1O, HCIO, (Cyoo,) Glass 
Cl (Cyc) electrode 


Cu, 200 Cycq were zero in most experiments, The reference electrodes Ag,AgCl were 
prepared as recommended by Brown on 1-4-mm, diameter platinum wire. The cell compart- 
ments were joined by a bridge solution of 0-O01n-HCl and 0-19m-amHClO,. The potentials (£) 
were measured in mv, by using a Cambridge pH meter, and were steady except in some of the 
experiments when trimethylamine and 1-methylpiperidine were investigated. In making a 
determination a known weight of Zeise’s salt, KC,H,PtCl,, was placed in the appropriate cell 
compartment and a known (pipetted) amount (usually 20 c.c.) of 0-2mM-amine perchlorate 
solution was added to it. Solution of the salt and mixing of the solution were effected by passing 
presaturated nitrogen through the solution for one minute. 

The cell was checked without any Zeise’s salt or potassium chloride but with various amounts 
of perchloric acid or with addition of ammonia to show that the e.m.f. obeyed Nernst’s law at 
23°, Ek = Ey — 58-8 log [H*], over the pH range 2—8-7, The hydrogen-ion concentration in 
the alkaline range was calculated by using the acid dissociation constant K, = 45 x 10°” for 
the ammonium ion at 23° and ionic strength 0-2. 

4 Ref. 4, p. 121, 


‘© A. S. Brown, /. Amer. Chem. Soc., 1934, 66, 646. 
'* Everett and Landsman, Trans. Faraday Soc., 1954, 60, 1221 
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The experimentally determined quantities and derived data relating to the various 
C,H,PtCl,~—amine systems are listed in the Tables 2—7. All concentrations are in molarities 
(m) at 23°. &, is the potential of the cell in mv at 23° for [H'] = 1-0 and E is the potential 
under the conditions of the experiment. All measurements were at 23° and ionic strength 0-2 
(AmHCIO,). Three glass electrodes were used during these experiments and the different 
values of E, given in the Tables refer to different electrodes. In general, the electrodes were 
used in pairs to check one another, but since in the experiments recorded in the Tables the 
two electrodes were always in agreement only one set of data is given. 


Cy = 0, 
10°(Zom) 10°(Zam] 


1@(Cl-] 10°(Z) 


Cn no, = 
10°(Zu,0) 


TABLE 2. Ammonia. 


E 10°(H*}] 10°{am) lo*K, 


0-52 
1-82 
2-13 
2-59 
3-03 
3°84 
3-99 
4°85 
6-38 


21-62 


6-11 
5-22 
4°27 
3-65 
2-87 
2-76 
2-26 
1-71 


1 


0-505 


2-12 
2-67 
3-48 
4:23 
4-54 
6-18 
8-70 
3°58 


00 

0-21 
O47 
1-02 
1-68 
2-56 
4-49 


11-13 
32-65 


0-30 
0-53 
0-88 
1-19 
1-60 
2-18 
3-84 


7-21 


O-16 
0-25 
0-34 
0-39 
0-44 
On 
0-79 
1-13 


1-82 
2-138 
2-59 
3-03 
2-84 
3-98 
4°84 
6:37 


(3-0) 
(2-3) 
21 
21 
18 
20 
(1-7) 
(1-5) 


* In this experiment E, = -—7 mv and Cymo, 10 x lo. 


- 5 « 10° (acid impurity in the 
Cro = 0. 
10°( Zam) 


Methylamine. Ey = —93 mv. Cro, 
amine perchlorate, not removed by recrystallisation). 
10°(Z|  10"[Zm,o} 10*[Zon) 


TABLE 3. 


lok, 


10°Cy E 


1-36 
1-86 
3-80 
3°87 
6-69 
8-44 
14-88 


10Cz 
0-711 
1-46 
2-07 
2-74 
3:44 
4:45 
6-56 
8°86 

12-36 


86 
sl 
74 
73 
69 
64 
61 


i 
109 
100 

06 

94 

91 

89 

85 

83 

78 


10°(H*) 


0-90 
1-09 
1-44 
1-50 
1-75 
2-13 
2-40 


1o*(H*} 


3-52 
5-00 
5°85 
6°32 
711 
7-69 
9-00 
9-73 
11-8 


10°fam] 


TaBLe 4. Dimethylamine. 
10°{am} 


1-22 
1-58 
2-67 
2-72 
3°53 
4:60 
6-37 


104(Cl~} 


E, 


0-65 
119 
1-57 
1-91 
2-26 
2-72 
3°51 
4°25 
5-29 


10°(C1-} 


94 mv. 
10°{Z) 


0-06 
0-27 
0-50 
0-83 
1-18 
1-73 
3-05 
4-61 
7-07 


0-34 
0-63 
1:27 
1-27 
1-84 
2-50 
401 


C nox A 
1(Z4,0] 


} 


0-38 
0-49 
0-88 
0-85 
1-05 
117 
1-67 


Crea 


10°( Zon! 


~ 


woewmyenewe = 
eaecoanwnaéa 


0-85 
1-04 
1:38 
1-44 
1-69 
207 
2:33 


0), 


10*! am ; 


3-44 
4-86 
5-69 
6-10 
6-80 
7-44 
8-61 
9-40 
11-5 


*B) 


10 °K, 
(4°8) 


Trimethylamine.—Considerable difficulty was experienced with this system. In many 
experiments, immediately after introduction of the glass electrode, the cell potential decreased 
rapidly, followed by a slow decline. This behaviour was not quite reproducible and did not 
always occur. Steady potentials were obtained with freshly prepared and recrystallised 
potassium ethylenetrichloroplatinite, It appeared as if some impurity, which is produced 
spontaneously in the salt on storage, also caused some catalytic poisoning of the glass electrode, 
Nevertheless, when the potential of the cell in its variation with time (t) was extrapolated back 
to t = 0 and constants (K,) were calculated from the extrapolated value, these were all of the 
order 10%. Some typical examples are given in Table 5. 


xa = 0. 


10*| Zon! 


TABLE 5. 
I 10*(H*} 10*{am) 


Trimethylamine. Cyc, = ¢ 


1c) 10°(Z) 10" Zao 10*{ Zam) lOeK, 


184 * 
192° 
182 
isl 


2°30 
2-21 
2-69 
2-79 


12-2 

11-6 
9-6 
9-25 


* Extrapolated value 


2-77 
3°38 
4-56 
516 


2°33 
3-52 
6-24 
804 


110 
1-41 
1-53 
1-68 


1-20 
On 
116 
lll 
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trans-Lthylenetrimethylaminedichloroplatinum.—-KC,H,PtCl, (0-7 g.) was suspended in 3n- 
hydrochloric acid (1 ¢.c.) and titrated with 1-On-trimethylamine to pH = 7. The salt dissolved 
during the titration and the pale yellow product separated gradually. It was filtered off, quickly 
washed with water and then methanol, and dried at 0-1 mm. pressure (yield, 26%). It 
decomposed without melting at 105—111° (Found: C, 17-2; H, 3-7; N, 40. CsH,,NCI,Pt 
requires C, 17-0; H, 3-7; N, 40%). 


TABLE 6. Ptperidine. Ey, 20mv. Cuoo, = Cxa = 9. 


} JfH) 10%am) 10°(Cl-} 10°[Z)10*[Zo)} 10*(Zom] 10*(Zym) 10K 
163 * 6-08 2-80 2-15 1-08 5 5°83 

162 8-00) A! 2-6 1-66 3 1:77 
163 7-69 2 3°16 2-60 J 7°38 
158 9-35 8! 4-09 4°24 3 9-02 


* In this experiment E, 


|-Methylpiperidine.-The same difficulty as was experienced in the trimethylamine experi 
ments was also experienced to some extent with 1-methylpiperidine, but in most experiments 
the cell had a steady potential. The experiment was conducted near the limits of solubility 
of one of the components in the solution, presumably Z,,,, and a few minute crystals separated 
on the bottom of the cell during the course of many experiments. The precipitation was, 


however, very slow, and during the time of an experiment it was insufficient to affect the 
potentials 


TABLE 7. 1-Methylptperidine. Ey 23mv. Cyoo, = Cxa = 0. 

I 1O*Hit} «= 10*®fam 1@(CI~} 10°(Z} 10(Zy,0) 10°*[Zon) 10*(Zan) 10K, 
184 2-04 Hb3 1-30 0-42 0-97 3°4 2-61 f 
182 3°18 ‘ll 249 0-67 OBI 2: 2-93 
180 344 73 154 0-59 115 3°% 3-11 
170 5-09 3-19 2-36 1-43 1-84 3- 4-73 
171 4-00 3°32 2-44 1-54 1-90 3°% 4-51 
165 621 2-62 3°80 3-97 313 ie 5-71 
162 6-98 2-33 4°65 6-08 3°92 5-6 6-42 


In this experiment Cee 1-34 x 10 


trans-Lthylene-1-methylpiperidinedichloroplatinum,-KC,H,PtCl, (0-6 g.) in 1-0n-hydro- 
chloric acid (4 c.c,) was titrated with 1-2n-l1-methylpiperidine, Over the pH range 3-8 the 
pale yellow product gradually separated, It was filtered off, quickly washed with water then 
methanol, and dried at 0-1 mm. pressure (yield, 30%), decomp. pt. 87—90° (Found: C, 24-4; 
H, 44, C,H,,NCI,Pt requires C, 24-4; H, 44%). 

If a more concentrated solution of the salt is titrated 1-methylpiperidinium ethylenetrichloro- 
platinile separates at pH 1, m. p, 82—82-5° (Found: C, 22:3; H, 43. C,H, ,NCI,Pt requires 
C, 22-4; H, 42%). It is followed by precipitation of the above neutral complex at higher pH 


Che authors are grateful to Dr. Ido Leden for useful discussion and to Miss J. N. Norwood 
and Mr, M. L, Searle for experimental assistance. 


Axers Researcn LABORATORIES, 
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459. <A Synthesis of 3: 4-Benzopyrene-| : 5-quinone. 
By R. O. C. Norman and WiitiamM A. WATERS. 


Alternative routes for the synthesis of 3: 4-benzopyrene have been 
explored, and an improvement has been made in the 5-stage synthesis from 
pyrene. A Stobbe condensation of fert.-butyl acetate with methyl o-l- 
naphthoylbenzoate gives fert.-butyl 2-carboxy-$-l-naphthylcinnamate which 
can be converted into 3: 4-benzopyrene-| : 5-quinone by the use of stannic 
chloride or polyphosphoric acid. 


INVESTIGATIONS of 3: 4-benzopyrene are hampered by the tediousness of published 
syntheses.) The availability of pyrene makes the second of these syntheses,* as improved 
by Bachmann e¢ al.,3 the more attractive, though of its five stages that involving reduction 
of 8-3-pyrenoylpropionic acid by Clemmensen’s method could not efficiently be conducted 
with more than 10 g. of material. We have now found that Huang-Minlon’s method 
of reduction * can successfully be carried out on a much larger scale to give an 86%, yield of 
y-3-pyrenylbutyric acid. Consequently pyrene can easily be converted into 3: 4-benzo- 
pyrene on any desired scale in 25—35°% overall yield. Nevertheless the number of stages 
makes this synthesis time-consuming and alternative routes have been explored. 


(iv) 


Conversion of easily available methyl o-l-naphthoylbenzoate (1) into an ester of 
2-carboxy-$-l-naphthylcinnamic acid (II; R = R’ = H) and successive ring closure to 
(III) and (IV) appeared to be an attractive route; reduction of a compound (III) might 
have led to a synthesis of benzopyrene itself more easily than reduction of the quinone (IV). 
Though the Reformatsky condensation of the ester (1) with ethyl bromoacetate could not 
be effected, a modified Stobbe condensation ° with fert.-butyl acetate and sodium hydride 
gave an acid (II; R =H, R’ = But) in 42% yield. Hydrolysis of this to the dibasic acid 
(II; R, R’ = H) followed by ring closure of the diacyl chloride with stannic chloride in 
benzene, or by ring closure of the acid with polyphosphoric acid at 170°, gave 3 ; 4-benzo- 
pyrene-1 : 5-quinone (IV) in up to 36% yield. Our evidence for the structure (IV) for our 
condensation product depends on reductive acetylation to | ; 5-diacetoxy-3 ; 4-benzopyrene 
and reductive methylation to 1: 5-dimethoxy-3 : 4-benzopyrene, both of which have 
ultraviolet spectra typical of the 3 ; 4-benzopyrene ring system. 

' Fieser and Hershberg, ]. Amer. Chem. Soc., 1938, 60, 1658 

* Cook and Hewett, J., 1933, 398. 

* Bachmann, Carmack, and Safir, [. Amer. Chem. Soc., 1941, 63, 1682 

‘ 
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Huang-Minlon, thid., 1946, 68, 2487. 
Johnsor, McCloskey, and Dunnigan, ibid., 1950, 72, 514 
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After completion of our experimental work we learned that Dr. H. E. Schroeder and his 
colleagues © at the Jackson Laboratories of the Du Pont Co. had synthesised the quinone 
(IV) on a large scale by condensing naphthalene with phthalideneacetic acid in hydrogen 
fluoride under pressure, and had converted it into 3: 4-benzopyrene itself by distillation 
with zine dust. Synthesis of the quinone (IV) can therefore provide a short route to the 
preparation of 3: 4-benzopyrene, though the yield obtainable by the laboratory method 
described by us is not good enough to supersede the improved synthesis from pyrene. 

By the kindness of Dr. Schroeder we have been able to make a direct comparison of 
specimens of the quinone prepared by the alternative routes, and have no doubt that they 
are both the same substance. 


I. XPERIMENTAL 

Improved Preparation of y-3-Pyvrenylbutyric Acid.-y-3-Pyrenoylpropionic acid*® (55 g.), 
potassium hydroxide (35 g.), and 90%, hydrazine hydrate (25 c.c.) were heated for 1} hr. at 100° 
in diethylene glycol (250 c.c.), Water was then boiled off and the residue was refluxed at the 
b. p. of the diethylene glycol for a further 44 hr. The product, separated by acidification and 
crystallised from xylene, had m. p. 185-—186° (yield 47-5 g., 86%). 

tert..Butyl 2-Carboxy-f-l-naphthylcinnamate (II; R =H, R’ = Bu').-Sodium hydride 
(0-6 g.) was added to a solution of methyl o-l-naphthoylbenzoate (3-25 g.) (I) in dry benzene 
(25 c.c.) and to this refluxing mixture tert.-butyl acetate (25 c.c.) and fert.-butyl alcohol (2 c.c.) 
were added dropwise during 1 hr. After a further 4 hours’ heating the mixture was cooled, 
acidified with acetic (3 c.c.) and hydrochloric (0-5 c.c.) acid in water, and extracted with ether. 
The ether layer was extracted repeatedly with 2%, sodium hydrogen carbonate and then with 
5%, potassium carbonate solution. Acidification of the latter extract gave the required ester 
as an oil which solidified (1-9 g.). Reerystallised from methanol, it had m. p, 177-5° (Found : 
C, 76-7; H, 58. CagHggO, requires C, 77-0; H, 5-9%). Reaction with diazomethane in ether 
gave its methyl ester (11; R Me, R’ Bu'), m. p. 97° (Found: C, 77-4; H, 6-4. C,,H,,O, 
requires C, 77-3; H, 62%). 

2-Carboxy-(-\l-naphthyleinnamic Acid (11; BR R’ = H).—A solution of the above ester 
(1 g.) and toluene-p-sulphonic acid (0-1 g.) in benzene was refluxed for 1 hr. isoButene was 
evolved and the dibasic acid deposited. It crystallised from toluene, then having m. p. 158° 
(Found: C, 76:3; H, 4:4. CggH,,O, requires C, 75-5; H, 44%). 

3: 4-Benzopyrene-1 ; 5-quinone.—(a) The dibasic acid (above) (0-4 g.), suspended in benzene 
(20 ¢.c.), was treated with phosphorus pentachloride (0-52 g.) and refluxed for 14 hr. The 
resulting cooled solution was treated dropwise with stannic chloride (1 c.c.) in benzene (5 c.c.) 
and after 8 hr, decomposed with hydrochloric acid. The product crystallised from chloroform 
in orange-red needles (0-07 g., 18%), m. p. 316—-318° (Found; C, 84-8; H, 3-6. Calc. for 
Cop pO, : C, 86:1; H, 36%). 

(b) The dibasic acid (1 g.) was added to polyphosphoric acid (10 c.c.), heated at 160-—-170° 
for 20 min., and then poured into water. The product (0-15 g., 36%), crystallised from acetic 
acid, had m. p, 318°. The specimens had identical infrared spectra and their m. p. were 
unchanged after admixture with the quinone, m. p. 318°, sent to us by Dr. Schroeder. He and 
his colleagues report, however, m. p. 327° (block) for ‘‘ a specially purified specimen,’’ but after 
repeated crystallisation we have been unable to raise our m. p. to this figure. 

1 : 5-Diacetoxy-3 : 4-benzopyrene.-The quinone (0-2 g.), suspended in acetic anhydride 
(6 c.c.), was boiled for 2 hr. with zine dust (0-5 g.) and then poured into water, The product, 
crystallised from benzene, had m. p, 240-—250° (decomp.) (Found: C, 77:8; H,43. C,,H,,O, 
requires C, 782; H, 435%). Its ultraviolet spectrum had max, at 2550, 2650, 2870, 3000, 
3570, 3750, and 3950 A. 

1: 5-Dimethoxy-3 : 4-benzopyrene.—-The quinone (0-2 g.) was boiled in sodium hydroxide 
solution (10 ¢.c.) with zinc dust (0-5 g.) and dimethyl sulphate (2 c.c.) for 2 hr. The organic 
product, in benzene, was passed through a column of alumina and then crystallised from benzene- 
methanol; it had m. p. 158° (Found: C, 84-6; H, 5-0, C,,H,,O, requires C, 84-6; H, 6-1%) 
It had absorption max. at 3000, 3700, 3900, and 4100 A. The spectrum of 3: 4-benzopyrene ’ 
has max. at 2640, 2650, 2840, 2050, 3450, 3650, 3850, and 4030 A. 


Tue Dyson Prerrins Laporatory, Oxrorp., [Received, February 6th, 1956.) 


* Schroeder, Stilmar, and Palmer, J, Amer. Chem. Soc., 1956, 78, 446. 
’ Mayneord and Roe, Proc, Roy. Soc., 1935, A, 162, 209. 
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460. Normal Alkoxides of Quinquevalent Niobium. 
By D. C. Brapiey, B. N. CHAKRAVARTI, and W. WaARDLAW. 
The new alkoxides Nb(OR),, where R Me, Et, Pr", Bu", or n-pentyl, 
have been prepared by reactions involving niobium pentachloride, the alcohol, 
and ammonia, or by alcohol-interchange involving niobium pentaethoxide. 
Boiling points under reduced pressure and ebullioscopic molecular weights in 
benzene, in toluene, and in the parent alcohols were determined. The nio 
bium n-alkoxides are less stable than the corresponding tantalum compounds 
The volatilities and molecular complexities of the niobium and tantalum 
n-alkoxides are discussed from the theoretical viewpoint 


Tue preparation and properties of some tantalum penta-n-alkoxides have recently 
been described. In view of the chemical similarity between niobium and tantalum it 
seemed worthwhile to investigate the alkoxides of niobium. Additional interest was 
centred on the relative volatilities of corresponding niobium and tantalum alkoxides be- 
cause of the possibility that the effect of molecular weight on volatility * might be apparent. 
This communication deals with the n-alkoxides Nb(OR),, where RK Me, Et, Pr®, Bu’, 
and n-pentyl. 
These compounds may be prepared by either of the methods 


NbCl, + 5NH, + 5ROH —» Nb(OR), + 5NH,CI 
Nb(OEt), + 5ROH —» Nb(OR), + 5EtOH 


Niobium pentamethoxide is a white crystalline solid, m. p. 60° {cf. Ta(OMe),, m. p. 50°), 
but the other n-alkoxides are pale yellow liquids. The ease of hydrolysis in water appears 
to parallel the water-miscibility of the parent alcohols. A notable feature of the niobium 
n-alkoxides is the decrease in thermal stability with increase in length of the alkyl chain 
in contrast to the behaviour of the corresponding n-alkoxides of tantalum. Thus distil- 
lation of niobium n-pentyloxide causes decomposition even at 0-1 mm. whereas tantalum 
n-pentyloxide boils unchanged at a higher temperature. The boiling points of niobium 
and tantalum n-alkoxides under reduced pressure are presented in the Table: their main 


Boiling point (°/mm.) 
o 


~~ ’ 
Lower pressure Higher pressure 


RK in M(OR), Nb Ta Ta 
153°/0-1 130°/0-2 ‘ § 189° /10 
156° /0-05 146° /0-15 "3 202°/10 
166° /0-05 184°/0-15 * 16 232°/10 
197°/0-15 217° /0-15 230° /b 266°/10 
223°/0-15 239° /0-2 


feature is the dependence on the length of the alkyl chain. As shown in the Figure the 
methoxides and ethoxides of tantalum are more volatile than the niobium derivatives 
whilst for the higher n-alkoxides the reverse is the case; this applies to both the pressure 
ranges investigated. These results also suggest that the separation of niobium and tanta- 
lum by distillation of the alkoxides (now being investigated) should be relatively simple. 
The molecular weights of the niobium n-alkoxides were determined ebullioscopically in 
benzene, in toluene, and in the parent alcohols, and the molecular complexities are tabulated 


Molecular complexity 


p= ta 
In benzene In toluene In ROH 


R in M(OR), N Ta } Ta Nb Ta 
1-98 { 1-83 i 
1-04 { 1-83 1-52 1-78 
1-05 ( 1-83 
2-02 ; 1-83 
n-Pentyl 2: 201 


| Bradley, Wardlaw, and Whitley, /., 1956, 726 
* Bradley, Nature, 1954, 174, 323 
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together with the data for the corresponding tantalum alkoxides. The niobium and tanta 
lum n-alkoxides are all dimeric in boiling benzene and it seems likely that these metals are 
both 6-co-ordinate (see Figure in ref. 1). Dissociation of the dimers at a higher temper 
ature is apparent from the results in boiling toluene. However, whilst the tantalum 
n-alkoxides all have the same complexity, there is a distinct decrease in complexity in toluene 
with increase in chain length for the niobium compounds. We infer that the energy of 
depolymerisation is sensibly constant for the tantalum series but decreases with increase 
in chain length for the niobium n-alkoxides. This is qualitatively consistent with the 
dependence of relative volatility of niobium and tantalum n-alkoxides on chain length. 
rhus the energy of polymerisation will be included in the molar heat of vaporisation, 1.¢., 
] ik, where L, molar heat of vaporisation, Loo» hypothetical heat of 
vaporisation of “ monomeric "’ alkoxide, and E = energy of depolymerisation. It seems 

reasonable to assume that Lyon, for a niobium 

250 alkoxide will be close to that for the corre- 
sponding tantalum compound (ef. hafnium 
and zirconium alkoxides *), and differences 
in E will therefore be reflected as differences 
in Ly. If E for Nb(OMe), exceeds E for 
Ta(OMe), then according to the view that E 
for tantalum n-alkoxides is constant whilst 
for niobium n-alkoxides it varies in the order, 
methoxide > ethoxide > n-propoxide > n 
butoxide > n-pentyloxide; it seems pos- 
sible that the relative values of L, will 
be: Nb(OMe), > Ta(OMe),; Nb(OEt), 
Ta(OEt),; and Nb(OR), < Ta(OR),, where 
R == Pr®, Bu", or n-pentyl. This postulated 
order of L.'s is in agreement with the order 
of boiling points given above. Some support 
for this argument is forthcoming from the 
complexities of the alkoxides in their parent 
alcohols (see Table). It has been suggested ° 

Rin M (OR), that the primary factors causing dissociation 

of tantalum n-alkoxides in their boiling 

parent alcohols are (1) the boiling point of the solvent (temperature effect) and (2) the 

‘donor’ power of the solvent (solvation effect), The same arguments must apply to 

niobium alkoxides and hence it is deduced that Eyiome, > Er wome, and Eynworm, < Eruor,, 

where K Et, Pr®, or Bu®. Only with the ethoxides does the order of E's conflict with 

that suggested above for L,’s. It is clear that vapour pressures (on which work is in 
progress) will give valuable information concerning these phenomena. 

Since the atomic radii of niobium and tantalum are the same (1-34 A) these differences 
in the behaviour of their alkoxides must be ascribed to electronic factors. It is well known 
that niobium differs from tantalum in having a pronounced tendency to form oxy-com 
pounds containing the niobium-oxygen double bond and hence there will be a greater 


a © L 
Me Et Pr® 


tendency for covalency expansion involving “ intramolecular '’ bonding as in (RO),Nb—OR 
to compete with the intermolecular bonding which causes dimerisation. This will 
lead to a readier depolymerisation with increase in temperature for the niobium com 
pounds than for the tantalum derivatives. This easy double bonding between niobium 
and oxygen may also explain the lower thermal stability of the niobium alkoxides which 


will tend to split off carbonium ions, viz., Nb(OR),; — (RO),Nb=—O + R*. This 
mechanism will be enhanced by the (+ /) electron-releasing tendency of the alkyl group and 


* Bradley, Mehrotra, Swanwick, and Wardlaw, /]., 1953, 2025 
* Bradley, Mehrotra, and Wardlaw, /., 1953, 1634 
* Bradley, Wardlaw, and Whitley, /., 1956, 1139 
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is in accord with the observed decrease in stability of niobium n-alkoxides with increase in 
chain length of the alkyl group. 

According to current views on the effect of molecular weight on volatility * there should 
be a tendency for the heavier tantalum alkoxides to be more volatile than the corresponding 
niobium compounds although this effect is usually obscured by the differences in molar 
heats of vaporisation. However, we have already pointed out that the molecular com- 
plexities of the ethoxides in ethyl alcohol imply that F for Ta(OEt), should exceed E for 
Nb(OEt),, and hence L, for Ta(OEt), should exceed L, for Nb(OEt), which would predict 
the order of volatilities, Nb(OEt); > Ta(OEt),. The reverse order of volatilities observed 
might well be due to over-ruling of the unfavourable order of latent heats by the “ mass 
effect.’’ This problem should be resolved when vapour pressures are available, 


EXPERIMENTAI 

rhe experimental technique was essentially that used in previous work on metal alkoxides." * 
Niobium was precipitated as the hydroxide, from a nitric acid solution of the sample, by means 
of dilute aqueous ammonia. After being washed with ammonium nitrate (5% solution) the 
precipitate was ignited to Nb,O,. 

Preparation of Niobium Pentachlovide.-Hecht and Schlappmann* showed that niobium 
pentoxide and thionyl chloride at 200° in a sealed tube give niobium pentachloride and sulphur 
dioxide, Their method is not convenient in the laboratory on the large scale but we found that 
the reaction proceeds under normal reflux of thiony! chloride when the latter is present in large 
excess, Our starting material was potassium oxyfluoroniobate K,{ NbOF,|,H,O prepared from 
tantalum-free (<0-5% of Ta) niobium pentoxide. The following is a typical preparation : 
Niobium hydroxide, obtained by addition of dilute aqueous ammonia to the complex fluoride 
(20 g.) dissolved in water (500 c.c.), was well washed first with water then with absolute alcohol. 
Thionyl chloride (1 kg.) was added, slowly at first to moderate the reaction, and the mixture 
refluxed for 10-12 days. After removal of excess of thiony! chloride the crude niobium penta- 
chloride (25 g.) (Found: Nb, 23-7; Cl, 53-3%) was sublimed at 150-—-250° in a current of dry 
nitrogen, and the sublimate was crystallised from carbon tetrachloride, The yellow crystalline 
solid (14-5 g.) (Found: Nb, 34-0; Cl, 62-6. Calc. for NbCI,: Nb, 34:35; Cl, 65-65%) was suit 
able for the preparation of alkoxides. 

Niobium Pentamethoxide.—Methy| alcohol (200 c.c.) was added to the pentachloride (8-2 g.) 
suspended in benzene (200 c.c.) and, after the cessation of the vigorous reaction, ammonia was 
passed in until in excess, After removal of ammonium chloride by filtration the filtrate was 
evaporated to leave a yellow oil (7-1 g.), which contained no chloride, Distillation (153°/0-1 mm.) 
afforded colourless pentamethoxide which solidified (6-2 g.), m. p, 60° {Found : Nb, 37-5; MeO, 
61-4. Nb(OMe), requires Nb, 37-5; MeO, 62-5%, 

Niobium Pentaethoxide.—-From the reaction involving the pentachloride (5 g.), ethyl alcohol 
(20 c.c.), and excess of ammonia in benzene (150 c.c.), the pentaethoxide was finally obtained as 
a yellow distillate (6-2 g.) [Found: Nb, 29-0; EtO, 70-0. Nb(OEt), requires Nb, 29-2; 
EtO, 708%]. The yellow colour persisted during further distillation and a highly purified 
pentaethoxide was obtained as follows: The distillate (45 g.) from a similar preparation was 
converted into the crystalline mixed ethoxide-isopropoxide | Nb(OEt)(OPr'), and Nb(OEt), (OPr') 4) 
by treatment with boiling isopropyl alcohol (200 ¢.c.). Four further recrystallisations gave 
a colourless crystalline product which was converted into niobium pentaethoxide by four 
successive treatments with ethyl alcohol (200 ¢.c.). Distillation (156°/0-05 mm.) gave a faintly 
yellow liquid (25 g.) (Found; Nb, 20-3; EtO, 70-3%) 

Niobium Penta-n-propoxide.—The propoxide was obtained as a pale yellow distillate (9-9 g, ; 
b. p. 166°/0-05 mm.) after carrying out the reaction between the pentachloride (9-6 g.), n-propyl 
alcohol (30 ¢.c.), and excess of ammonia in benzene (250 ¢.c.) in the usual manner [Found 
Nb, 23-9. Nb(OC,H,), requires Nb, 23-9% 

Niobium Penta-n-butoxide,—Purified niobium pentaethoxide (5-1 g.) was converted into the 
butoxide by the addition of n-butyl alcohol (50 ¢.c.) and benzene (100 c.c.) and by removing 
the liberated ethyl alcohol by azeotropic distillation. After evaporation of benzene and excess 
of butyl alcohol the pentabutoxide was obtained as a pale yellow distillate (6-75 g.), b. p. 197°/ 
0-15 mm., which was slow in reacting with water |[fFound: Nb, 20:3. Nb(OBu"), requires 
Nb, 20-3% Distillation at 5-5 mm. (under oxygen-free nitrogen) caused rapid darkening 


or 


* Hecht and Schlappmann, Z, anorg Chem, 1947, 254, 255 
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Niobium Penta-n-pentyloxide.—The pentyloxide (3-75 g.) was obtained by alcohol interchange 
involving the pure ethoxide (3-05 g.) and pentyl alcohol (18-5 g.) in benzene. The distilled 
product, b. p. 223°/0:15 mm. [Found : Nb, 17-0, Nb(OC,H,,), requires Nb, 17-6%], was water- 
repellent and was slowly hydrolysed by dilute nitric acid. Attempts to distil the compound 
at 5-5 mm. caused decomposition. 

Moleculay-weight Determinations.—The modified Menzies-Wright ebulliometer’ was used. 
The internal-calibration method * with fluorene was employed as a check on the usual method." * 
Typical results from the latter method are tabulated first, followed by those from the internal- 


calibration method. 
M 


’ ae | 
Alkoxide Range of m (g.) Solvent (g.) AT /m Found Cale 
NbD(OME) 5 cevcecccecvesveeesveeees O°0834—0-1455 17-204 0-326 524 247-9 
* 06-0395 —0° 2351 14-17° 0-147 332 os 
Nb(OEt), yes 00769-02295 16-61 ¢ 0-275 644 317-9 
; 6057203928 13-04° 0-168 483 
ND(OP8®) g ceveceves 00264-01219 14-40 ° 0-260 785 387-9 
a " 0-0176-—0-0998 14-064 0-184 499 
Nb(CBu*), vs 0-0179-—0-0887 14-87¢ 214 923 
sonses 0-030-40-1549 13-06° 148-5 * 519 
Nb(OC GH 44), 0-0092-—0-0350 15-34° 0-182 1054 
* Benzene; * methyl alcohol; ¢ ethyl alcohol; ¢ n-propyl alcohol; ¢ n-butyl alcohol. 
* i. p. elevation in mm, of water-pressure difference in the water-thermometer. 


Slope (mm./g. of solute) 
An 


Alkoxide Fluorene 
/ M in toluene, 


Alkoxide Range of m (g.) Slope Range of m (g.) } found 
Nb(OMe), ceveveeeee OOZII—O-1128 247 00-0082. —0-0535 472 
ND(OEt) 5 cccccvececsveeeeee OF0259-—0-1321 213 0024200467 600 
Nb(OPr®), .... 0-0187-—0-1178 178 0-0144-—0-0371 696 
Nb(OLbu*), 0-0431-—4) 1422 161 00200-00692 p 796 


We are indebted to Imperial Chemical Industries Limited for a grant for the purchase of 
the potassium oxyfluoroniobate. One of us (B, N.C.) thanks Bihar University for study-leave. 
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461. The Structures of Some Acyleylosines. 
by D. M. Brown, Sir ALEXANDER Topp, and S. VARADARAJAN. 


A number of new acyl derivatives of cytosine and 3-methylcytosine are 
described, Acylation normally yields N*-monoacyl compounds which, in 
hot 80% acetic acid, yield large amounts of uracil derivatives. Exceptionally, 
benzoyl chloride can also yield a 1; N*dibenzoate from 3-methyleytosine 
and a tribenzoate from cytosine. Similarly, benzoylation of cytidine yields, 
according to conditions, either a tetrabenzoyl or pentabenzoy! derivative. 


lu work which forms the subject of the present communication arose as a result of our 
interest in partially acylated nucleosides of known structure as intermediates in nucleotide 
syntheses, and was carried out simultaneously with that on the acylation of 3-methyl 
cytosine reported by Kenner, Reese, and Todd.! The results confirm the conclusions 
reached by these authors and supplement them in certain directions ; in addition, a number 
of new crystalline derivatives of cytosine (I: R H), 3-methyleytosine (I; R Me), and 
cytidine (II) were prepared and are placed on record as reference compounds. 

Acetylation of 2’ ; 3’-O-benzylidenecytidine * * gave a diacetyl derivative, but attempts 

' Kenner, Reese, and Todd, /., 1955, 855 


* Gulland and Smith, /., 1948, 1527 
* Brown, Haynes, and Todd, /., 1950, 3299 
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to remove the benzylidene group from the product with acetic acid led to partial deacetyl- 
ation and deamination and gave complex mixtures. In the hope that it would resist de- 
acylation the corresponding dibenzoyl derivative was prepared, but with hot acetic acid 
it, too, gave a mixture. Cytidine itself with benzoyl chloride in pyridine at room temper- 
ature gave a tetrabenzoyl and at 100° a pentabenzoy! derivative, both of which underwent 
partial debenzoylation and deamination with acetic acid. It was therefore decided to 
examine the simpler cases of the acyl derivatives of cytosine and 3-methyleytosine since 
the complications encountered in hydrolysing the cytidine derivatives were clearly associ 
ated with acylation of the cytosine residue present in them 


HO OH 


Me 
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Cytosine with acetic anhydride in pyridine yields only a monoacety! derivative ;* on 
treatment with hot 80%, acetic acid this product yielded a mixture of uracil and cytosine 
although cytosine itself was unaffected by the same treatment. When benzoylated at 
room temperature for 45 minutes, cytosine gave a monobenzoyl derivative which was 
partially converted by hot 80%, acetic acid into uracil and cytosine; benzamide was also 
isolated. The conclusion from these results that the acyl derivatives were N*-acetyl- and 
N*-benzoyl-cytosine was confirmed by methylation with diazomethane which yielded 
N*-acetyl- and N®-benzoyl-1 ; 3-dimethyleytosine respectively. Partial deamination with 
production of 3-methyluracil was also observed when N*-acetyl- and N*-benzoyl-3-methy! 
cytosine were heated with 80% acetic acid at 100° for | hour. When 3-methyleytosine was 
allowed to react with excess of benzoyl chloride in pyridine during several hours it yielded 
a dibenzoyl derivative. This we formulate as | : N®-dibenzoyl-3-methyleytosine (IIT) on 
the grounds that it undergoes ready hydrolysis to N°-benzoyl-3-methyleytosine and that 
its infrared spectrum shows the band at 1656 cm.-' assigned to the 2-carbonyl group in a 
variety of pyrimidine derivatives,5.* together with a general similarity to that of N®- 
benzoyl-1 : 3-dimethyleytosine and gross differences from N*®-benzoyl-3 : N®-dimethy! 
cytosine (LV) in the finger-print region (700-1300 cm.'). Cytosine, itself, on prolonged 
benzoylation gives a tribenzoyl derivative, presumably | : 3: N®-tribenzoyleytosine, which 
is easily hydrolysed to N*-benzoylcytosine. It is of interest that in attempts to prepare 
mixed diacyl derivatives the monobenzoates of cytosine and 3-methyleytosine resisted 
further acylation with acetic anhydride or with acetyl, ~-bromobenzoyl, p-nitrobenzoyl, 
p-toluoyl, or 3: 4: 5-trimethoxybenzoyl chloride and that, applied to the free bases, these 
reagents yielded only monoacyl! derivatives. 1-Aminotsoquinoline and 2-aminopyridine 
both yield dibenzoates,’:* the latter easily forming 2-benzamidopyridine with dilute acid, 

In contrast to the formation of uracil derivatives during the acid hydrolysis of the 
N*-benzoyleytosines, noted above, alkaline hydrolysis effected no deamination. Tri- 
benzoylcytosine and dibenzoyl-3-methyleytosine were converted by ethanolic ammionia in 
the cold into the N*-monobenzoyl compounds, dibenzoyl-3-methylcytosine also affording 
traces of 3-methyleytosine. Cytosine was formed quantitatively when N®-benzoylcytosine 
was treated with dilute sodium hydroxide solution 

On the basis of the experiments with cytosine and 3-methylcytosine it is concluded that 


* Wheeler and Johnson, Amer. Chem. J., 1903, 29, 500 
* Short and Thompson, /., 1952, 168 

* Dr. C. L. Angell, personal communication 

’ Craig and Cass, /. Amer. Chem. Soc., 1942, G4, 783 

* Tschitschibabin and Bylinkin, Ber., 1922, , 998 
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the acyl derivatives prepared from 2’ : 3’-O-benzylidenecytidine are N°® : 5’-diacetyl- and 
N*: 5’-dibenzoyl-2’ ; 3’-O-benzylidenecytidine and that benzoylation of cytidine yields, 
according to conditions, N®; 2’: 3’: 5’-tetrabenzoyl- or 1: N®: 2’: 3’: 5’-pentabenzoy! 
cytidine. by analogy with the latter compound it is inferred that the pentabenzoyl 
derivatives of adenosine and cordycepin * are benzoylated on both N,, and N° in the adenine 


nucelu 


EXPERIMENTAL 
N¢: 6’ Diacetyl-2’ : 3’-O-benzylidenecytidine,-—2’ : 3’-O-Benzylidenecytidine was treated with 
acetic anhydride in pyridine at room temperature. After 6 hr. ethanol was added to remove 
excess of anhydride, the solution evaporated, and the residue recrystallised fromethanol. The 
diacetyl derivative formed colourless elongated rectangular prisms, m. p. 119-—120° (Found : 
C, 681; H, 560; N, 97, CyJH,,O,N, requires C, 57-8; H, 5-1; N, 101%). Light absorption 


@ 
in 95% EtOH: 4, 300, 250 my (e 6070, 16,960) ; Ai, 276, 227 my (e 3690, 4730). 

N¢: 6’ Dibenzoyl-2’ : 3’-O-benzylidenecytidine,—-A suspension of 2’ : 3’-O-benzylidenecytidine 
(1:74 g.) in dry pyridine (50 c.c.) was shaken with benzoyl chloride (4:35 c.c.) for 4 hr, at room 
temperature. The solution so obtained was poured into cold water and neutralised with hydro 
chloric acid. The sticky red precipitate was separated by decantation and treated with hot 
ethanol (20 ¢.c.), The red impurities dissolved, leaving a residue which was then recrystallised 
from ethanol The dibenzoate formed colourless needles (2-65 g.), m. p, 211-—212° (Found 
C, 67-0; H, 50; N, 7-8, CygH,,0,N, requires C, 66-8; H, 4-7; N, 78%). Light absorption in 
95% EtOH: 2... 302, 262, 231 my (e 8880, 26,500, 21,600) ; 2,,,, 202, 245, 221 my (e 8120, 18,000, 
20,400) 

N¢: 2’: 3’: 6’-Tetrabenzoyleytidine,—-Benzoy| chloride (3 c.c.) was added to a suspension of 
anhydrous cytidine (0-5 g.) in dry pyridine (10 c.c.), and the mixture shaken at room temperature 
for2hr, Water and dilute hydrochloric acid were added to the clear solution, and the precipitate 
was collected and washed with a little hot ethanol. Recrystallised from ethyl acetate the fetra- 
benzoate (1-15 g.) formed colourless needles, m. p. 202—-203-5° (Found : C, 67-6; H, 4-8; N, 6-1. 
CypH yO Ny, requires C, 67-4; H, 44; N, 64%). Light absorption in 95% EtOH: 2,4, 302, 
263, 231 my (e 9700, 29,500, 45,400), 2,.,, 205, 250, 213 my (e 9250, 24,000, 26,700). 

1: N*: 2’: 3’: 5’ Pentabenzoyleytidine.--Anhydrous cytidine (0-3 g.), benzoyl chloride (4 c.c.), 
and dry pyridine (6 ¢.c.) were heated together for 45 min. at 100°, cooled, and filtered from pyri- 
dine hydrochloride. Light petroleum (200 c.c.; b. p. 40--60°) was added, and the sticky pre 
cipitate washed with water and then recrystallised from ethanol and finally from methanol, 
giving the pentabenzoate (0-45 g.) as colourless prisms, m. p. 148—-150° after some shrinking at 
100° (Found: C, 68-7; H, 47; N, 5-6. C,,H,,0,.N, requires C, 69-2; H, 4-4; N, 55%). 
Light absorption in 95% EtOH : 307, 232 my (¢ 13,200, 56,300), > 204, 214 mu (e 12,400, 
34,000 

N*- Acetylcytosine.-This was prepared by acetylation with hot acetic anhydride in pyridine.‘ 
Light absorption in 95% EtOH : 4,4, 203, 244—245, 215 my (e 4920, 14,200, 20,700), 2,,;,, 270, 
226 my (e 2550, 5780). The same compound was obtained under all conditions of acetylation 
and the substance could not be further acylated with benzoyl chloride or benzoic anhydride. 
N*-Acetyleytosine was heated with 80% acetic acid at 100° for 1 hr. and the products were 
submitted to paper chromatography in butan-l-ol-acetic acid—water (5; 2:3), Only a trace 
of starting material remained, the ultraviolet-absorbing material consisting of uracil (/, 0-53) 
and cytosine (/?, 0-43) in approximately equal amounts. Cytosine was recovered unchanged 
after similar treatment with 80% acetic acid. 

On treatment with excess of ethereal diazomethane the above acety! derivative yielded 
N*-acetyl-1 : 3-dimethyleytosine (see below), m. p, and mixed m, p. 156—-157°, 

N*- Acetyl-1 : 3-dimethyleytosine.—1 : 3-Dimethylcytosine was acetylated with acetic an 
hydride in pyridine at room temperature in the usual way, KRecrystallised from ethanol! the 
acetyl derivative formed needles, m, p. 156—-157° (Found : C, 53-5; H,59; N, 23-3. C,H,,O,N, 
requires C, 53-0; H, 61; N, 23-2%) 

N*-Henzoyleylosine.—-Anhydrous cytosine (0-1 g.), suspended in dry pyridine (10 c.c.), was 
shaken with benzoyl chloride (1-3 c.c.) at room temperature for 45 min, Dilute hydrochloric 
acid was now added and after 2 hr. the precipitate was collected and washed with hot ethanol 
Kecrystallised from pyridine or aqueous acetic acid the benzoate formed needles which darkened 


max min 


* Bentley, Cunningham, and Spring, /., 1951, 2301 
” Hilbert, /. Amer. Chem. Soc., 1934 56, |¥o 
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at 320° but did not melt below 350° (Found: C, 61-2; H, 40; N, 197. C,,H,O,N, requires 
C, 61-4; H, 42; N, 195%). Light absorption in 95% EtOH: 4, 299-300, 258 my (¢ 6600, 
21,000), Ani 289, 230 my (e 6180, 8920). Methylation with ethereal diazomethane gave 
N*-benzoyl-1 ; 3-dimethylcytosine (see below), m. p. and mixed m.'p. 155-—-156° 

Though stable to half-saturated ammonia at 0° for 15 hr., N*-benzoyleytosine was completely 
converted into cytosine by 0-1N-sodium hydroxide at room temperature in 18 hr. Heating it 
with 85%, acetic acid at 100° for 2 hr. left about one-third of the benzoate unaffected, the re 
mainder being converted into uracil and cytosine in a ratio of ca. 33: 1 (paper chromatography) 
Extraction of the basified hydrolysis solution with ether afforded benzamide (m. p. and mixed 
m. p. 129°) 

N*-Benzoyl-1 : 3-dimethyleytosine.—-Prepared by heating 1: 3-dimethyleytosine ™ with 
benzoyl! chloride in pyridine for 30 min. at 100° and recrystallised from ethanol, the benzoate 
formed needles, m. p. 155-—-156° (Found: C, 641; H, 5:2; N, 17-2. CysH,,O,Ny requires 
C, 64:2; H, 5-4; N, 17-3%). 

1:3: N*-Tribenzoyleytosine.—-Anhydrous cytosine (0-2 g.), suspended in dry pyridine (20 c.c.) 
and benzoyl chloride (2-6 c.c.), was shaken at room temperature, the solid slowly dissolving to 
a deep red solution, After 3 days light petroleum (400 c.c.; b. p. 60—-80°) was added, the 
mixture set aside for 1 day, and the colourless crystals were collected and recrystallised from 
ethanol. 1:3: N*-Tribenzoyleytosine was thus obtained as prisms (0-3 g.), m. p. 140—142° 
(Found: C, 70-4; H, 4:2; N, 10-1. C,,H,,O,N, requires C, 70-0; H, 4:1; N, 99%). Light 
absorption in 95% EtOH : > 4, 240 my (e 35,600), 2,,;, 218 my (e 20,200) 

When set aside in half-saturated ethanolic ammonia at 0° overnight the tribenzoy! derivative 
was smoothly hydrolysed to N*-benzoylcytosine. The same product was obtained in rather 
low yield by 1 hour’s heating at 100° with 80% acetic acid, large amounts of uracil and benzamide 
together with a little cytosine being also produced. The N*-benzoyleytosine obtained in these 
hydrolyses was identified by analysis and absorption spectrum 

N*-(3.: 4: 5-Trimethoxybenzoyl)cylosine,—Prepared by heating anhydrous cytosine with ex 
cess of 3: 4: 5-trimethoxybenzoyl chloride in pyridine, the product crystallised from acetic acid 
as rectangular prisms, m. p. 296° (decomp.); it resisted further acylation with benzoyl chloride 
(Found: C, 52-5; H, 52; N, 11-5. C,,H,,0,N,,C,H,O, requires C, 52-6; H, 5-2; N, 11-5. 
Found, in material dried at 120°/1 mm. for 12 hr.; C, 54-4; H, 47; N, 13-6. C,,H,,0O,N, 
requires 6C, 55-1; H, 4-9; N, 13-8%). 

1: N -Dibenzoyl-3-methylcytosine.—When a suspension of anhydrous 3-methylcytosine }"™ 
(0-17 g.) in a mixture of dry pyridine (20 c.c.) and benzoyl chloride (2-1 ¢.c.) was vigorously 
shaken, the solid dissolved giving a clear solution. After 4 hr. crushed ice was added and the 
precipitate collected and recrystallised from ethanol-ethyl acetate. The dibenzoate formed 
hexagonal prisms (0-21 g.), m. p. 213—-215° (Found: C, 68-5; H, 45; N, 12-7, CyyH,,O5Ny 
requires C, 68-5; H, 4:5; N, 12-6%). Light absorption in 95% EtOH: d,,4, 314, 250 my 
(ec 10,100, 26,400), 2,,;,. 286, 228 mu (e 7580, 17,800). The infrared absorption (Nujol mull) 
showed a strong band at 1656 cm."!. 

When treated for 15 min, at 100° with 80% acetic acid the dibenzoate gave N*-benzoyl-3 
methyleytosine, m. p. and mixed m. p. 222°, The same product accompanied by traces of 
3-methylcytosine was obtained by treatment with half-saturated ethanolic ammonia at 0° 
overnight 

Other N*-Acyl Derivatives of 3-Methyleytosine.—The following derivatives were prepared by 
heating 3-methylcytosine with an excess of the appropriate acy! halide in pyridine : N*-p-bromo- 
benzoyl-3-methylcytosine, prisms (from ethanol), m. p. 251-—252° (Found: C, 465; H, 3-1; 
N, 13-5. C,,H,,O,N,Br requires C, 46-8; H, 3:3; N, 13-6%); 3-methyl-N*p-nitrobenzoyl 
cytosine, pale yellow needles (from ethanol-ethyl acetate), m. p, 272—-274° (Found: C, 52-9; 
H, 40; N, 20-2. C,,H,O,N, requires C, 52-6; H, 3-7; N, 204%); N*(3: 4: 5-trimethoxy- 
benzoyl)-3-methyleytosine, colourless plates (from ethanol), m. p. 221--223° (Found; C, 56-7; 
H, 5-6; N, 125. C,,H,,O,N, requires C, 56-4; H, 5-4; N, 13-2%); and 3-methyl-N*-toluene-p 
sulphonyleytosine, yellow prisms (from ethyl acetate or acetic acid), m. p. 236—-237° (Found 
C, 61-5; H, 49; N, 156-0. C,,H,,O,N,S requires C, 51-6; H, 47; N, 15-0%). 
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462. Nucleotides, Part XXXVII* The Structure of Uridylic Acids a 
and b, and a Synthesis of Spongouridine (3-¢-p-Arabofuranosyl- 
uracil), 

sy D. M. Brown, Sir ALEXANDER Topp, and S. VARADARAJAN. 


Monoacetylation of 6’-O-acetyluridine yields a crystalline diacetate, from 
which by phosphorylation with dibenzyl phosphorochloridate followed by 
removal of protecting groups uridylic acid a is obtained. The diacetate is 
shown to be 3’ : 5’-di-O-acetyluridine by the following transformations which 
prove the structures of the intermediates: 3’ ; 5’-Di-O-acety|-2’-O-toluene- 
p-sulphonyluridine —» O* : 2’-cyclouridine —» 3-(-p-arabofuranosyluracil, 
Uridylic acid a is, therefore, uridine-2’ phosphate. 3-6-p-Arabofuranosyl- 
uracil is identical with spongouridine, a nucleoside occurring naturally in 
sponges. 


EAn Luce } in this series the structure of adenylic acid a obtained from alkaline hydrolysates 
of ribonucleic acids was rigidly established by showing its identity with adenosine-2’ 
phosphate, synthesised from 3’ : 5’-di-O-acetyladenosine by a series of reactions which did 
not involve group migration. The orientation of the diacetyladenosine used was deter- 
mined by O-toluene-p-sulphonylation followed by methylation. It seemed desirable to 
apply similar methods to provide unequivocal proof of the orientation of the a and b 
nucleotides derived from uridine and cytidine. Reactivity of the 6-amino-group led to 
complications in attempting to prepare appropriate partially acylated cytidines ** and 
attention was therefore turned to uridine. 

Acetylation of 2’ : 3'-O4sopropylideneuridine * yielded its 5’-O-acetate from which, by 
hydrolysis with dilute acetic acid, 5’-O-acetyluridine was obtained. The same mono- 
acetyluridine was also prepared by partial deacetylation of 2’ : 3’ : 5’-tri-O-acetyluridine 
with methanolic ammonia, When treated with acetic anhydride (1 mol.) in pyridine 
olution 5'-O-acetyluridine gave a mixture separable by countercurrent distribution into 
a crystalline diacetyluridine, some triacetyluridine, and some unchanged monoacety] 
compound 

Phosphorylation of the diacetyluridine with dibenzyl phosphorochloridate gave a crude 
dibenzy! diacetyluridine phosphate from which benzyl groups were removed by hydrogeno- 
lysis and acetyl groups by subsequent treatment with methanolic ammonia. Removal of 
protecting groups in this order ensured that no phosphoryl migration could occur. The 
crude product contained, in addition to much uridine, a uridine phosphate. lon-exchange 
chromatography showed that only one nucleotide was present, corresponding to uridylic 
acid a.© Experiments described below show conclusively that the diacetyluridine used 
was 3’: 5’-di-O-acetyluridine (1) so that the derived phosphate, uridylic acid a, is, in fact, 
uridine-2’ phosphate (Il). This provides synthetic proof of structure of the isomeric 
uridylic acids isolated from alkaline hydrolysates of ribonucleic acids, and confirms an 
earlier degradative * study which showed that uridylic acid b is uridine-3’ phosphate. 
lhe structural studies on cytidylic acids a and b by physical? and degradative * methods 
and the established relation * between cytidylic and uridylic acid 6 find further confirmation 
in the present experiments, 

It was originally intended to orient the diacetyluridine by a procedure analogous to 
that used in the adenosine series.' Toluene-p-sulphonylation in pyridine afforded an 


* Part XXXVI, J., 1056, 1546. 


' Brown, Fasman, Magrath, and Todd, /., 1954, 1448 

* Brown, Todd, and Varadarajan, preceding paper 

* See also Kenner, Reese, and Todd, J., 1955, 555 

* Levene and Tipson, /. Biol. Chem., 1934, 106, 113 

Cohn, /. Amer. Chem. Soc., 1950, 72, 2811 

* Baron and Brown, /., 1955, 2855 

* Cavalieri, J]. Amer, Chem. Soc., 1982, 74, 5804; Fox, Cavalieri, and Chang, ibid., 1953, 7§, 4315; 
Michelson and Todd, /., 1954, 34 

* Brown, Dekker, and Todd, J., 195: 
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amorphous product which on the basis of its properties was a diacetyl-toluene-p-sulphonyl- 
uridine. Treatment with methanolic ammonia yielded, not the expected toluene-p- 
sulphonyluridine, but a product which gave analytical values corresponding to an anhydro- 
uridine together with ammonium toluene-p-sulphonate. The anhydro-compound was 
high-melting, and very soluble in water, but sparingly so in alcohols, and its ultraviolet 
absorption (Amsx,249-5—251 my) differed substantially from that of uridine (mar, 260 my). 
Mild hydrolysis with dilute sulphuric acid afforded a new nucleoside, isomeric with uridine. 
It had the same Ry value as uridine on paper chromatograms, but did not form a borate 
complex on electrophoresis in 0-1M-sodium borate, nor did it give a positive reaction to the 
periodate spray reagent. These indications that the substance had a frans-glycol system 
were confirmed by degradation. 
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Hydrogenation of the nucleoside over platinum '° or, better, reduction with sodium 
and methanol in liquid ammonia,'! followed by mild acid hydrolysis, yielded a sugar which 
was identified as arabinose and was distinguished from the other aldopentoses by paper 
chromatography : this identity was confirmed by conversion into its p-bromophenylosazone 
and toluene-p-sulphonylhydrazone. The new nucleoside must therefore be 3-(-p-arabo 
furanosyluracil, 


* Buchanan, Dekker, and Long, /., 1950, 3165 


 Jevene and La Forge, Ber., 1912, 45, 619 
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The shift in the ultraviolet absorption maximum during the formation of the anhydro- 
uridine suggested an analogy with the conversion of the 2’ : 3’-O-isopropylidene-5’-0- 
toluene-p-sulphony! derivatives of cytidine and adenosine, by heat, into the corresponding 
cyclonucleoside toluene-p-sulphonates, a process of intramolecular alkylation.” Formation 
of 0% : 3’- and O* : 5’-eyclothymidine by a reaction between the corresponding iododeoxy- 
thymidine and silver acetate also produced a hypochromic spectral shift.% Experiments 
ubsequent to those described in this paper have also shown that 3’ : 5’-di-O-methane- 
ulphonylthymidine with methanolic ammonia gives a product formulated as 5’-O-methane- 
ulphonyl-0? : 3’-cyelothymidine.™ 

Our observations find a simple explanation if it is assumed that the anhydrouridine is 
O* - 2’-cyclouridine (3-0? ; 2’-anhydro-$-p-arabofuranosyluracil) (LV). Its formation from 
3’: 6'-di-O-acetyl-2’-0-toluene-p-sulphonyluridine (III) with expulsion of toluene-p 
ulphonate ion, due to nucleophilic attack of the neighbouring 2-carbonyl function, has a 
imple analogy. Thus trans-2-benzamidocyclohexy! toluene-p-sulphonate is converted by 
odium acetate in dry ethanol into the corresponding cis-isomer, in which reaction the 
oxazoline (VII) is an isolable intermediate.'* In the present instance nucleophilic attack 
hould be aided by electron release from the acidic nuclear hydroxy! group as in (V1). 

No such simple explanation of inversion at Cy, would be possible if the O-toluene-p 
ulphonyl group in the diacetyl-toluene-p-sulphonyluridine had been at Cy); participation 
by the vicinal cts-acetoxy-function would in this case have been necessary either directly 
or by formation of a 2’ ; 3’-epoxide, both processes which can be excluded since concomitant 
production of a xylofuranosyl derivative was not observed. 

We conclude, therefore, that the original diacetate was 3’ ; 5’-di-O-acetyluridine and 
hence that the derived phosphate was uridine-2’ phosphate 

In subsequent experiments it was found preferable to prepare the monotoluene-p- 
ulphonyl derivative from 5’-O-acetyluridine directly. This yielded crystalline 5’-O-acety] 
2’-toluene-p-sulphonyluridine, the structure of which was apparent from its conversion by 
methanolic ammonia into O*: 2’-eyclouridine. Further work on the chemistry of both 
(* : 2’. and O* : 5’-eyelouridine will be published later. Meanwhile, the conversion of the 
former eyclouridine by acid into 3-6-p-arabofuranosyluracil constitutes a synthesis, and 
simultaneously a proof of structure, of the naturally occurring spongouridine, Bergmann 
and Burke !® isolated this nucleoside from sponges and as a result of degradative studies 
concluded that it was uracil 6-arabofuranoside. Through the kindness of Drs, Bergmann 
and Burke we have been able to compare a specimen of the natural material with the 
ynthetic arabinoside, and find them identical 

The advantage of the present synthetic route over the more conventional pyrimidine 
nucleoside synthesis via acetohalogeno-sugars is that the @-configuration at Cy,» 1s retained, 
whereas Bristow and Lythgoe '? found that condensations involving acetobromo-b-arabo 


furanose led to «-glycosides 


I. XPERIMENTAL 

» values quoted refer to paper chromatography on Whatman No. | paper with the butan 

wetic acid-water (6; 2: 3) solvent system 
2’: 3°: 6 Tn-O-acetyluridine,—Uridine (3-0 g.; dried at 110° in vacuo over phosphoric oxide) 
was mixed with freshly distilled acetic anhydride (20 c.c.), and a few drops of dry pyridine were 
added. On gentle warming a vigorous reaction occurred and the solid dissolved. ‘The solution 
was set aside overnight, methanol (40 c.c.) was added, and the mixture concentrated to small 
bulk at <40 Water (150 c.c,) was added, and the solution carefully neutralised with sodium 
hydrogen carbonate, then decanted from a small amount of resinous material and kept at 
0° for several hours, The triacetate was collected and recrystallised from ethanol, It formed 


'’ Clark, Todd, and Zussman, /., 1951, 2052 

'§ Michelson and Todd, /., 1955, 816 

' McCasland, Clark, and Carter, /. Amer. Chem. Soc., 1949, 71, 637 

'*> Winstein, Goodman, and Boschan, ijid., 1950, 72, 2311 

'® Bergmann and Burke, Angew. Chem., 1955, 67, 127; /. Org. Chen 1055, 20, 1501 
Bristow and Lythgoe, /., 1949, 2306 
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colourless rectangular prisms, m. p. 128—130° (3-1 g.), Ry, 0-93 (Found: C, 491; H, 5-2; 
N, 7-7. Cy,H,,O,N, requires C, 48-7; H, 4-9; N, 7-6%). 

5'-O-Acetyl-2’ : 3’-O-isopropylideneuridine.—2’ ; 3’-O-isoPropylideneuridine * (2-0 g.) was dis- 
solved in dry pyridine (15 c.c.), and freshly distilled acetic anhydride (2-5 c.c,) added. After 
4 hr. at room temperature, methanol (15 c.c.) was added, with cooling. Evaporation at reduced 
pressure below 50°, followed by repeated evaporation with added ethanol, gave an oil which was 
dissolved in hot ethanol (10 c.c.). 5’-O-Acetyl-2’ : 3’-O-isopropylideneuridine slowly separated 
as prisms (1-9 g.), m. p. 146—147° (Found: C, 51-6; H, 5-5; N, 86, CygH,sO,N, requires 
C, 51-5; H, 56; N, 86%). Traces of acetic acid in the acetic anhydride or of water in the 
pyridine, or longer reaction time, led to hydrolysis of the isopropylidene residue and formation 
of triacetyluridine 

5’-O-Acetyluridine.—(a) The above isopropylidene acetate (1-9 g.) was refluxed in aqueous 
acetic acid (75c.c, of 20%) for 1-3hr. Kemoval of solvents under reduced pressure and evapot 
ation of the residual gum with ethanol gave a product which after two recrystallisations from 
ethanol was obtained as rectangular rods and had m. p. 160--162° (1-3.g.). This material was 
satisfactory for further work but paper chromatography revealed traces of uridine in it, which 
could not be removed by repeated recrystallisation. Pure 5’-O-acetyluridine was obtained by 
countercurrent distribution in the ethyl acetate-water system, It then melted at 163-164” 
and had FR, 0-66 (Found: C, 45-7; H, 56; N, 95. C,,H,,O,N, requires C, 46-2; H, 49; 
230 my (¢ 8467, 1702 respect- 


N, 98%). Light absorption in 95% EtOH: 4,4, 261 my, A, 4), 
ively) rhis substance has previously been described as a glass prepared from benzylidene- 
uridine. 19 

(b) Triacetyluridine (6 g.) was dissolved in cold methanol (2 litres), and saturated methanolic 
ammonia (40 c.c.) added, After 1-5 hr. a stream of air was passed through the solution to 
remove most of the ammonia, and the solution was then concentrated under reduced pressure, 
The residue contained only uridine and 5’-acetyluridine, as shown by paper chromatography, 
These were separated by countercurrent distribution (20-5 c.c, phases; 100 stages), uridine 
appearing in tubes 1-3 and 5’-O-acetyluridine in tubes 6—11. The latter (1-92 g.), recrystal 
lised from 95%, ethanol, had m. p, and mixed m. p. 163-164 

3 : 5’-Di-O-acetyluridine.—5’-O-Acetyluridine (6-1 g.) was dissolved in anhydrous pyridine 
(50 c.c.), and freshly distilled acetic anhydride (2-18 c.« 1-1 mol.) added to the solution, which 
was then set aside at room temperature overnight. Ethanol (50 c.c.) was added and solvents 
were removed under reduced pressure below 55 Evaporation with additions of ethanol re 
moved last traces of pyridine and acetic acid, The residue, dissolved in water saturated with 
ethyl acetate, was placed in the first 3 tubes (20-5 c.c, phase) of a countercurrent distribution 


apparatus and submitted to 100 transfers with the ethyl acetate-water solvent system, Tubes 
91 contained 


5—-14 contained 5’-acetate (recovered, 2-5 g.), 25—46 contained diacetate, and 70 
uridine triacetate (2-13 g.), the distribution being found by estimating the optical density 
(at 260 my) of diluted samples from each tube. 

The contents of tubes 25-46 were pooled and evaporated under reduced pressure, The 
residual oil was dissolved in ethanol (5 c.c.) and set aside for several days in the refrigerator ; 
colourless needles of 3’ : 5’-di-O-acetyluridine (1-18 g.) separated, Kecrystallised from ethanol 
the diacetate had m. p. 188—-140° after sintering at 135°, and FR, 0-83 (Found ; C, 47-8; H, 45; 
N, 8-7. CygH,,O,N, requires C, 47-5; H, 4-0; N, 85%). It was easily soluble in water and 
pyridine, fairly readily in chloroform and ethanol and sparingly in ethyl acetate and benzene 

Uridine-2’ Phosphate.—A solution of 3’: 5’-di-O-acetyluridine (1-0 g.) in dry pyridine 
20 c.c.) was treated for 4 hr. at -- 30°, moisture being excluded, with dibenzyl phosphorochlori 
date prepared from dibenzyl phosphite (4 g.; 5 mol.), then set aside overnight at room temper 
ature, Crushed ice and sodium hydrogen carbonate were added, the solution was extracted with 
chloroform (150 c.c.), and the extract washed with water and dried (Na,SO,). Chromatography 
showed the presence of unchanged diacetyluridine together with a phophorus-containing sub 
stance, presumably its 2’-(dibenzyl phosphate) (#, 0-97). Evaporation of the chloroform and 
removal of last traces of pyridine gave a gum which was hydrogenated overnight in 76% ethanol 
(30 c.c.) over a mixture of palladium oxide and palladised charcoal, Paper chromatography 
showed the appearance of a new substance, presumably 3’ : 5’-di-O-acetyluridine-2’ phosphate 
(ty 0-70). The solution was concentrated and ethanolic ammonia (100 c.c.) added, After 
12 hr. solvent was removed and the residue dissolved in water. Paper chromatography showed 
the presence of uridylic acid in addition to uridine. A portion of the solution was brought to 

'*® Michelson and Todd, /., 1949, 2476 

* Brown, Haynes, and Todd, /., 1950, 3299 
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pH 10 and analysed by ion-exchange chromatography on a column (15 x 1 cm.) of Dowex-2 
resin (formate). A single peak was observed corresponding in position to that of uridylic acid 
a, established by prior standardisation with authentic samples of the a and b acids. 

O# ; 2’-cycloUridine,—The above diacetate (0-2 g.) and toluene-p-sulphonyl chloride (0-51 g., 
4-4 mol.) were dissolved in dry pyridine (10 c.c.). After 15 hr. at room temperature the solution 
was poured on crushed ice (100 g.), with stirring. After 2 hr. the mixture was extracted with 
chloroform, and the extract washed with sodium hydrogen carbonate solution and water and 
then evaporated under reduced pressure. E-vaporation with ethanol removed residual pyridine, 
giving a yellow oil. This was dissolved in hot ethanol (charcoal) and filtered. The colourless 
filtrate was concentrated and on cooling deposited a waxy solid (0-21 g.) which was clearly the 
required toluene-p-sulphonate as it ran as a single spot on paper chromatograms (fy 0-97). 
Further purification could not be effected. 

A solution of the solid (0-2 g.) in methanol (15 c.c.) was mixed with saturated methanolic 
ammonia (15 c.c.) and set aside at room temperature overnight. Kemoval of solvent gave a 
crystalline residue which was triturated with ethanol (4 c.c.) and collected. Recrystallisation 
from ethanol gave O* : 2’-cyclouridine as colourless rods (0-12 g.), m. p. 234—236° (decomp.), 
Ry 0-51 The substance, which was easily soluble in water, gave a negative periodate-Schiff 
reaction with the reagent of Buchanan, Dekker, and Long * (Found ;: C, 47-5; H,49. N, 12-3. 
CyH gO,N, requires C, 47-8; H, 4-5; N, 12-4%). Light absorption in water: ),,,, 249:-5—251, 
223-—-223-6 My, Amin, 234 my (€,,4, 7860, 7860; ©), 5990). 

The alcoholic mother-liquors from a number of preparations were mixed and evaporated, 
Ammonium toluene-p-sulphonate crystallised and the acid was characterised as its S-benzyl- 
thiuronium salt, m, p, and mixed m. p. 180°. 

5’-O-A cetyl-2’-O-toluene-p-sulphonyluridine.—-Toluene-p-sulphony! chloride (2-02 g., 1-1 mol.) 
was added to a solution of 5’-O-acetyluridine (2-76 g.) in dry pyridine (15 c.c.), and the mixture 
set aside overnight. Ethanol (40 c.c.) was added, solvents were removed, and water was added 
to the red viscous residue. After 12 hr. the pale yellow solid was collected, washed with water, 
and triturated with ethanol (10 c.c.), and the colourless crystalline product collected. 6’-O 
Acetyl-2’-O-toluene-p-sulphonyluridine separated from ethyl acetate as thin colourless plates 
(1-93 g.), m. p. 173-—176°, Ry, 0-95 (Found: C, 49-0; H, 4-2; N, 66. C,,H,,O,N,S requires 
C, 491; H, 46; N, 64%). Light absorption in 95% EtOH: 1,4, 260, 226-5-—-227-5 mu, 
unin, 243-244 my (e,,,, 8280, 13,300; ©), 5680). 

lreatment of the toluene-p-sulphonate (150 mg.) with methanolic ammonia, as before, 
yielded O* ; 2’-cyclouridine (75 mg.) in rods, m. p. and mixed m., p. 234——236° (decomp.) (Found : 
C, 48-2; H, 47; N, 12-4%). Its identity with the material prepared as above was further 
established by comparison of infrared spectra and by X-ray crystallographic unit-cell deter- 
mination kindly carried out by Dr. M. M. Woolfson, Cavendish Laboratory, Cambridge 

3-6-p-Avabofuranosyluracil (Spongouridine).—-A solution of O08 ; 2’-cyclouridine (300 mg.) in 
0-1N-sulphuric acid (15 c.c.) was heated at 100° for 1 hr., cooled, and passed through a column 
(6 x 1-5 in.) of Amberlite IR-4B resin (OH form). The column was washed with distilled 
water (350 ¢.c.), and eluate and washings were taken to dryness under reduced pressure. The 
colourless glassy residue was dissolved in hot anhydrous methanol (5 c.c.). On cooling, the 
avabinoside separated as colourless prisms (112 mg.) which had m. p, 220—-221° after one further 
recrystallisation, (a)? +-131-1° (c 0-63 in H,O) (Found: C, 43-9; H, 5-2; N, Ib4d. CyllOgN, 
requires C, 44-3; H, 6-0; N, 11-56%). Light absorption in H,O: 2,,,, 262-5-—263-5 mu, Anin, 
230-—231 my (Gna, 10,500; €,,;, 2000) 

On paper chromatograms, it had the same Ft, value (0-52) as uridine but did not give a 
positive periodate-Schiff spray reaction. It travelled on paper electrophoresis (230 v) in 0-1M 
sodium tetraborate at 0-19 times the rate of uridine. The infrared spectrum in Nujol mulls 
differed from that of uridine. 

Spongouridine, kindly supplied by Dr. D. F. Burke, was compared with the above arabino 
side. Them. p. and mixed m. p, was 220-—-221°. They behaved identically on paper chromato 
grams and on paper electrophoresis. Infrared spectra were identical. 

2’: 8: 6-Tri-O-acetyl-3-6-v-arabofuranosyluracil.—-The synthetic arabinoside (90 mg.) was 
acetylated with acetic anhydride and pyridine in the usual way. The friacetate crystallised from 
dilute ethanol in thin plates, m. p. 129-—130° depressed to 105—115° in admixture with uridine 
triacetate (Found: C, 48-9; H, 5-3; N, 7-7. C,,;H,sO,N, requires C, 48-7; H, 4-9; N, 7-6%) 
It had Ry, 0-93. 

p-Avabinose Toluene-p-sulphonylhydrazone...The general method of Easterby et al™ was 


*” Easterby, Hough, and Jones, /., 1951, 3416 
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followed. A solution of p-arabinose (100 mg.) in methanol (10 c.c.) was mixed with toluene-p- 
sulphonylhydrazine (700 mg.) in methanol (10 c.c.) and heated for 1 hr. On concentration to 
3 c.c. and cooling to 0°, crystals separated. The Aydrazone crystallised from methanol in thick 
prisms, m. p. 149—150° (Found: C, 45-4; H, 57; N, 8-6. C,.H,sO,N,S requires C, 45-3; 
H, 5-7; N, 8-8%) 

D-Arabinose from the Synthetic Uracil Avabinoside._(a) The synthetic arabofuranosyluracil 
(100 mg.) was hydrogenated in water (12 c.c.) and ethanol (3 c.c.) in presence of platinum oxide 
at room temperature and pressure. After 6 hr. 10 c.c. of hydrogen had been absorbed (theor.). 
The ultraviolet absorption of the solution, together with paper chromatography, showed com 
plete conversion into the dihydro-derivative. Removal of catalyst and evaporation gave a 
residue which was refluxed with sulphuric acid (15 c.c. of 0-2n) for 1-5 hr. After removal of 
sulphate ions by barium hydroxide solution and barium ions by carbon dioxide, the solution 
was filtered through Hyflo-Supercel, and studied on paper chromatograms. In three solvent 
systems (a) butan-l-ol-water, (b) butan-l-ol-acetic acid~water (5:2: 3), and (c) the upper 
layer of pyridine-ethyl acetate-water (1:2: 2), the sugar present corresponded to arabinose 
and was distinguishable from ribose, xylose, and lyxose. Paper electrophoresis in 0-1mM-borate 
buffer also confirmed the identity of the sugar. 

(b) The above catalytic reduction is rather capricious and the following chemical method ™ 
is preferable. The arabinoside (300 mg.) was finely powdered and added to liquid ammonia 
(50 c.c.) with stirring. Methanol (10 c.c.) and sodium (0-3 g.) were added alternately in small 
quantities during 10 min, After evaporation of the ammonia and methanol, the residue was 
dissolved in water (10 c.c.), and the solution passed through a column (8 x 1 in.) of Dowex-50 
resin (Hi form). The column was washed with distilled water, and eluate and washings were 
taken to dryness. Paper chromatograms showed the presence of arabinose in the residue, which 
was then treated with p-bromophenylhydrazine in methyl! cellosolve-2n-acetic acid,** and the 
osazone was isolated. It had m. p, 171-——173° (decomp.), alone or in admixture with authentic 
p-arabinose p-bromophenylosazone. 

In a second experiment the sugar was treated with toluene-p-sulphonylhydrazine, The 
product had m, p, and mixed m. p. 149--150°. 


We are indebted to the Royal Commissioners for the Exhibition of 1851 for an Overseas 
Scholarship and to the British Council for a Travel Grant awarded to one of us (S. V.). 
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463. T'he Effect of Peptising Agents on the Crystal Growth of Insoluble 
Metal Salts. Part I. Precipitation in Aqueous Solution. 


By A. PACKTER. 


rhe average crystal diameter of the precipitates of insoluble silver, 
copper, and lead salts has been followed as a function of the stability of the 
ol from which crystal growth occurs. Highly “' supersaturated "’ systems 
may be stabilised by addition of simple organic acids, ammonia, etc., and 
the rate of coagulation of the sols is then appreciably reduced. 

Slow growth leads to large crystals of diameter > 20 , in solutions of silver, 
complex copper, and lead salts, peptised by organic acids and pyridine, 
but, in the ammonia-peptised sols, only when the complex ammonia salt is 
present in excess during the whole period of crystal formation 

The experimental results support Balarev’s and Traube's hypothesis! 
that the basic unit from which crystal growth occurs in such supersaturated 
systems is the micelle of the peptised sol. 


THE peptisation of insoluble metal salts by solutions of organic acids and ammonia, and 
their subsequent precipitation by one of the reacting ions (after a specific time lag), has 
already been studied,? and the two main hypotheses proposed to explain this phenomenon 


' (a) Balarev, Kolloid-Beth., 1939, 60, 1; (b) Traube, Z. phys. Chem., 1929, A, 146, | 
* Packter and Matalon, Discuss. Faraday Soc., 1954, 18, 161 
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have been discussed in some detail. The peptisation of silver, copper, and lead salt sols 
by organic acids is caused by orientated adsorption of the molecules of the added reagent 
on to the surface of the sol micelles, and their subsequent stabilisation against coagulation ; 
the sol stability then varies as an exponential function of the concentration of the peptising 
agent. The peptisation by ammonia, on the other hand, is due to formation of a sol of 
the complex metal salt, protected by further adsorption of ammonia.’ 

Mass-action and coagulation hypotheses have also been proposed to explain the nature 
of crystal growth from supersaturated aqueous solutions of these insoluble metal salts. 
Kalarev '* and Traube ” suggested that the basic units from which a crystal grows are not 
the “seeds’’ or lattice-cell ‘ embryos,’’* but the “ submicrons,’’ which may consist of 
thousands of such lattices, and reach colloidal dimensions. The latter may be stable in 
olution, until under further stimulus they aggregate together in rows and layers and 
finally form the microcrystals of the precipitate. Kut whereas the peptisation of insoluble 
metal-salt systems has been extensively studied, the effect of additives on the propertie: 
of the crystals grown from such peptised solutions has been rarely investigated; and 
although Reinders * and Miles * have presented qualitative data for the effects of dyes 
and dextrins on the crystal growth of silver halides and lead chloride, respectively, no 
quantitative correlation between crystal size and concentration of peptising agent was 
noted by these earlier workers. 

Ihe present work is an investigation into the quantitative effects of peptising agents 
on the crystal growth of insoluble metal salts. The final average crystal size of the 
precipitates of typical silver, copper, and lead salts has been followed, as a function of the 
concentration of peptising agent and of the stability of the sol from which the crystal 
growth occurs. Highly supersaturated systems may be stabilised by simple organic acids, 
ammonia, ete., and the rate of coagulation of the metal salt sol appreciably reduced. 
When the sol peptisation is due to orientated adsorption of the bulky molecules of a peptiser, 
the final average crystal size increases inversely as the rate of coagulation and is related to 
the concentration of peptiser by the exponential relation previously observed for sol 
tability.* The orderliness of growth (as measured by the standard deviation for crystal 
weight) also increases with rise in concentration of the peptising agent. The experimental 
results indicate that the rate of coagulation of the sol is the rate-determining step for the 
crystal growth of many insoluble metal salts. 

Growth by slow ordered fitting of new micelles on a small number of “ nuclei’’ leads to 
formation of large crystals (of diameter >50 yu) in solutions of silver, complex copper, and 
lead salts peptised by organic acids, pyridine, etc.; but slow coagulation of sols peptised by 
ammonia generally leads to irregular dendritic clusters, unless the complex ammonia salt 
is present in excess in the solution during the whole period of crystal growth. Coagulation 
of sols peptised by aqueous suspensions of proteins and polysaccharides leads to precipit- 
ation of very small crystallites intimately associated with the peptising sol 


EXPERIMENTAL 
l Stability An aqueous solution of the reacting cation is generally added to an equal 
volume of the reacting anion solution (in test-tubes or crystallising dishes) containing increasing 
concentrations of the peptising agent, except where otherwise specified. Before use, the test 
tubes, etc., were cleaned with sulphuric acid-dichromate, washed thoroughly several times with 
distilled water, and dried The stability of the insoluble metal-salt sol formed has been 
examined 
Puller and Fulmer? have measured the rate of coagulation of aqueous sols by observing the 
critical time at which the direction of the light absorption—time curve for the sol reverses its 
direction. In a preliminary series of experiments on systems investigated in this work, the 
plots of light absorption or turbidity (as measured spectrophotometri ally) against time showed 
a similar pattern to those obtained earlier Typical results are presented in Fig. 1; the origin, O 
® Packter, /. Colloid Sci., 1956, 11, 96 
|. Amer. Chem. Soc., 1951, 78, 380; Christiansen, Acta Chem. Scand., 1951, §, 673 
Z fp” Chen 1911, 77, 677 
toy. S 1931, A, 32, 266 
fuller and Fulmer, /. Phys. Chem., 1948, §2, 787 
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represents the time of mixing of the reacting solutions and OA AC is the curve of colour intensity 
(/) (turbidity for such systems as the silver halides) as measured by the lightabsorption, Along 
OA there is a slight increase, followed by a rapid rise in colour intensity (red in silver chromate, 
green in copper pyridine thiocyanate, and yellow in lead iodide sols) along AB, to a maximum 
at B. Generally the onset of coagulation (as measured by the change in slope of the d//dt 
/ curve) 1s so abrupt that the point J, can be observed visually 

Such a procedure has been adopted in these studies. The sol stability is defined (after 
Tuller and Fulmer’) as the time of coagulation, ¢ = O7,. Since the coagulation is complete 
within such a narrow time limit (7,7, being only 0-001-—0-01 of O7,), OT, OT,; and the 
coagulation time has been measured in this work as O7,, the time between the mixing and the 
onset of coagulation as estimated by visual observation 

Che effect of concentrations of peptising agent, C, << C,*, on sol stability has also been 
investigated : C,, is the concentration of peptising agent and ¢ p* is the amount required to 
ensure indefinite stability 

Crystal Growth rhe precipitate is left to grow for 100 hr. in covered beakers in a water 
bath kept at 20-0° without stirring. (Where rate of growth is rapid, 1-6 hr. suffice to use up 


Fic. 1 


Time (t) 


the reacting ions, and complete the precipitation.) The crystals ; washed with distilled 
water to remove adhering reactants, and then with acetone, and dried in warm air at 40°. 

The weight of the crop (M,) is recorded for each addition of peptising agent. Generally 
VM (M, V,,), where M, is the initial weight of metal salt in the supersaturated solution, 
immediately after mixing, and M,, is the saturation solubility at 20 Values of M, 
are expressed in g. per |. of solution 

Average Crystal Diameter.—Small quantities of each crop are transferred to microscope 
slides as a concentrated slurry in acetone, and the diameters measured on a random batch of 
100 crystals against an internal graticule in a Zei microscope (magnification ¥ 760) (The 
diameter is taken as the length of the longest crystal sick The average diameter for the 
crop is determined from the results for this random batch 

1) The arithmetical mean diameter. The arithmetical mean diameter on a weight basis 


(d,) is determined as d >a, 100, where d,, is the diameter of the mth crystal in the batch 


2) The mode diameter Ihe mode diameter on a weight basis (d,) represents the size of the 
type of crystals that are formed from nuclei on which most growth has occurred, and corresponds 
to the mode on the graph of weight fraction against diameter; d, is determined as follows 
Each batch is subdivided into ten groups of diameter 0—0-1d,, 0-1—0-2d,,..--09—1-0d,, 
where d, is the diameter of the largest crystal in the whole batch. The weight fraction (/,) 


for each group is determined as 
“n 


fn m,/S m,, 
home th 


(m.,, Mi o> d? is the total weight of the crystals in the nth group; 9 is the specific gravity; and 
C 1s a shape factor). d, is taken as the arithmetical mean diameter of that group for which 
f, 18 Maximum 
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Average crystal weight, The mean weight (m,) of a crop of crystals (of mean diameter d,) 
will be m, Cod 5. 

Number of crystals. The number (N,) of crystals in any crop will be given by the relation 
N, M,/m,, and is expressed in the number per |. of solution 

In this work, we shall be mainly concerned with relative increases in the values of m, and d,. 
And if m,, d,, and N, are respectively the average crystal weight and diameter, and the number 
of crystals per |, of solution for which the stability ¢ 1 sec., it follows from the above relations 
that, provided additional peptising agent causes no change in crystal habit and in the shape 
factor, then (m,/m,) (d,/d,)* N,/N,. 

Covrvected values for evystal diameter and weight. In systems containing high concentrations 
of peptising agent (C, > C,*), crystal growth may be incomplete, even after 100 hr.; 1.¢., 
M, <= (M, M,,), and the observed values of d, and M, will be too low. These values may, 
however, be simply corrected for incompleteness of crystal growth as follows : 


(corr, ’ (M, : M,,)/N-. 
(ote, * (Mi — M,, 


while (4,) cory (dove, * W/1(M, — M,,)/M,). 

Orderliness of growth. The asymmetry of “ skewness ”’ or crystal diameter distribution will 
be represented by the factor Ad (d, d,)/d,, and the maximum /, value (for subdivision into 
ten groups) is a measure of the “ orderliness '’ of the crystal growth. (Very rapid growth leads 
to a distribution of all crystal sizes, and f,->0-10; very slow growth leads to formation of a 
small number of crystals of similar size, and, for this collection, f, > 0-90.) 

The ‘ orderliness ’’ has been further measured in terms of the standard deviation (a,) for the 
d, values, by the usual statistical methods. 


Results 

rhe “ dissolution "’ of silver, copper, and lead salts by peptising agents, and the stability 
of the sols in presence of excess of the reacting ions has been studied over a wide range of 
conditions; the effect of such additives on the crystal size of the precipitate that grows from the 
sols has been also investigated. 

(1) Growth from Equivalent Sols.—(A) Sols peptised by organic acids and anions. (i) Sol 
stability. By the addition of simple organic acids, supersaturated systems of insoluble metal 
salts can be prepared which are stable for >24 hr. ‘The stability of silver, copper, and lead 
alt sols peptised by citric acid, etc., has been investigated over a range of C, values up to C,*, 
and the results have already been reported, The stability (¢,) varies with the concentration 
(C,) of peptising agent, according to the relation 


log t, = F(C, Cy) |e kui 28 (end ieleiiaie ae 


where F and C, are constants for a given peptising agent and metal salt system; F represents the 
adsorption of a particular peptiser on to the sol micelle, and decreases with increasing C, values. 


We have furthermore shown # that ¢, varies inversely as the rate of coagulation. Whence, 
if k, and k, are the rates that correspond to sol stabilities of ¢ = ¢, and 1 sec., respectively, 
equation (1) can be written in the form 


log yg Ae/ky = F(E CdMGy so 2) me enor (4M) 


Pr 

(1i) Crystal growth. Slow coagulation of the organic acid-peptised equivalent sols leads 
to formation of crystals of increasing average diameter; and as C,/C, approaches the peptisation 
ratio, d, increases rapidly to a maximum, and then falls; (d,),,,, however, continues to rise 
with C,/C, over the range investigated. m, and d, vary with C, according to the relation 


j 


10 49 m,/m, log ig @,4/d,* F’C,/C,. (2) 


where m, and d, are the average weight and diameter in the absence of protecting agent. 

rhe results for typical silver, complex copper, and lead salt systems are presented in Figs 
2.4. Within the experimental error, the m, line runs parallel with the sol stability line, 
1OK y9 ¢ I(¢ ( pif , 8 logy, t/t og FC,/C,, and f’ F. 


0 / 
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Equation (2) can thus be written as 


log yg m./m, — FC, st ern ae . (2A) 
or in the form 
log yg ™,/m, = F(Cy — C,)/C, leg NadlNe wow + o« 
Values of J’, d,, and (d,) after 100 hours’ growth are presented in Table 1 for some typical 


c/ mA. 
insoluble metal salts. 


Fic. 2. Crystal growth from citric acid-peptised 0-00 \m-silver chromate sols (20°; pH 3). Variation 
in average crystal diameter with acid ; silver concentration ratio 
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Maximum crystal diameter (100 hours’ growth from 
organic acid-peplised sols) 
d, (ps) (d.) max (j) ‘ d, (ps) (de) mar (ys) 
Silver chromate 
Citric acid Glutamic acid 
0-0010m-sol_. ° <0" 5 0-0010M-s01 
00025 ,, , y <O"% 0-0025 
0-0050 
Copper pyridine thiocyanate 
Citric acid Citric acid 
0-0050m-sol_ . de } 0-0100M-so0! 
Lead iodide 
Ammonium acetate Ammonium gluconate 


0-0050™m-sol : le! i oo 0-0050m-sol 
OO100 ,, iweb 0 0 40) 00100 , . OF 


The maximum crystal size (after 100 hours’ growth) for a particular salt decreases with rise 
in sol concentration, and, like F and C,/C,, 8 determined by the structure of the adsorbed 
peptising agent 

Organic acids also peptise the sols of simple copper salts,* but the precipitates obtained on 
slow coagulation still consist of gelatinous aggregates of small crystallites (ofd <0-1 pw) which 
readily repeptise by simple stirring 

iii) Orderliness of growth. The orderliness of growth also increases continuously with 


‘ 


increasing C,/C,, and the values of a, and /, for some typical systems are presented in Table 2 
(B) Sols peptised by ammonia and organic base (i) Sol stability. The peptising effect of 
ammonia and organic bases has been studied on a series of insoluble silver and copper salts, and 
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1G. 3. Crystal growth from citric acid-peptised 0-OO06m-copper dipyridine thiocyanate sols (20°; pH 6) 
Variation in average crystal diameter with acid ; copper concentration ratio 
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bic. 4. Crystal growth from ammonium acetate-peptised lead iodide sols (20°; pH 7), Variation in 
average crystal diameter with anion ;: lead concentration ratio, 


Uncorrected 
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TABLE 2. Orderliness of growth : variation of (f,)ma.. and oq with concentration 
of peptising agent (citric acid). 
(A) 0-001m-Silver chromate sols (B) 0-005m-Copper pyridine thiocyanate sols 

(fn) max, Cpe (Sa)mas od 

0-10 . 0 0-10 0-80 

0-18 , ‘ O15 O-75 

0-26 . j 0-18 0-65 

0-35 : 0-24 O55 

0-61 , 2: 0-35 0-45 

0°80 dt ‘ 0-51 O39 

2-6 0-68 0-28 

0-90 O15 


the results for typical systems are presented in Fig. 5 (inset). The stability varies with the 
ammonia~metal! salt concentration ratio, according to equation (1), and ¢, reaches 24 hr. at the 
peptisation ratio. High stability is generally observed only at C,/C, values greater than 
70-80%, of the peptisation ratio. 


Fic. 5. Crystal growth from ammonia-peptised 0-0025M-silver chromate sols (20°; pH 11), Variation of 
average diameter of dendritic clusters with ammonia: silver concentration ratio 
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lhe ammonia—metal salt concentration ratio may also be varied by addition of acetic acid 
to equivalent sols completely peptised by ammonia. The stability of such sols also decreases 
markedly with fall in the free ammonia concentration, C, = (C,* — Cyo,,). It is seen, however, 
from Fig. 5 (inset) that, at values of C,/C, of about 60-80%, of the peptisation ratio, the 
stability of the acetic acid-treated sols is still very much higher than that observed for the salt 
peptised by direct addition of ammonia. This result follows from the formation of the stable 
ammonia-complexed metal salt sol.* 

(ii) Crystal growth. (a) Silver salts. Coagulation of the ammonia-peptised equivalent 
sols (in covered vessels to prevent loss of ammonia by evaporation) leads to growth of large, 
well-formed crystals only in systems of the insoluble silver salts of organic acids. Slow coagul- 
ation of the ammoniacal solutions of such salts as the chloride, chromate, or oxalate does not 
lead to precipitation, while over the range of more rapid coagulation, ie, C,/C, = 05— 
0-8C,*/C,, these solutions deposit dendritic clusters cf small crystals of particle size 0-5—2 y, 
similar to those obtained by surface evaporation.® 

The average diameter D, of the dendritic cluster increases, however, with rise in the concen 
tration (C,) of protecting agent to a maximum at C, =~ 0-8—0-9C,*/C, and (see Fig, 5) 


logig (Deldg])*§ — F’ CIC, « «© 6 6 oe . (4) 
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Values of F’, F, d, and (D,),.4, for typical insoluble silver salt systems are presented in 
Table 3. 

here is no correlation between the F and F’ values for these systems. 

(b) Copper salts. Rapid coagulation of ammoniacal solutions of the simple copper salts at 
C,/C, = 0—-0-1C,* /C, leads to formation of a highly hydrated gelatinous precipitate of the 
basic salt, but slow coagulation of the highly peptised sols does not lead to precipitation, Slow 
coagulation of the sols peptised by pyridine, ethylenediamine, and other organic bases, however, 


TABLE 3. Maximum crystal diameter (100 hours’ growth from 
ammonta-peptised sols). 
, d, (ys) (Da)ues. (1) 


0: (06m-Silver chloride . , <0-2 25 
chromate a ? <0-2 140 
us oxalate , , 0-3 180 
0-06m-Silver benzoate . 18-0 160 
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Vic, 6. Crystal growth from pyridine-peptised 0-25m-copper chromate sols (20°; pH 11). Variation in 
average crystal diameter with pyridine: copper concentration ratio, 
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leads to formation of large, well-formed crystals. The average crystal diameter and weight 
vary with the concentration of peptising agent according to the relations (3) observed for 
growth from organic acid peptised sols (see Pig. 6). 

(ili) Addition of acetic acid to fully peptised sols. Coagulation of the ammonia-peptised 
sols, partially neutralised by acetic acid to give sol stabilities of ¢ = 1—10,000 sec., also leads 
to formation of dendritic clusters for most silver and copper salt systems. 

(C) Sols peptised by proteins and polysaccharides (in fluid suspension). The growth of 
crystals from sols peptised by dilute fluid suspensions of various protein and polysaccharide 
gel media has also been examined. The rate of crystal growth from such a “‘ supersaturated ”’ 
system will depend on two main factors, the rate of tranfer of material from the bulk of the 
system to the environment of the growing “ nucleus” or crystal, and the rate of deposition of 
material from this region on to the faces of growth. In the first part of this work we have kept 
the viscosity of the systems examined constant at 1-00-—-1-10 centipoises, and under these 
conditions the rate of crystal growth is mainly determined by the second interface reaction. 

(i) Sol stability. The peptising properties of gelatin, agar, etc., for silver, copper, and 
lead salts are determined by the free glutamic and gluconic acid residues of the protein and 
polysaccharide molecule respectively.*. The variation of sol stability with concentration of 
these additives therefore follows a similar pattern to that observed with the simple amino- and 
hydroxy-organic acids, t.e., equation (1). 

(ii) Crystal growth, The slow coagulation of the metal salt sols peptised by such materials 
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in fluid suspension does not, however, lead to formation of large crystals. Silver chromate and 
lead iodide are precipitated in dilute gelatine and agar suspensions as small crystallites of 
particle size 0-1-—-1-0 u, intimately associated with the macromolecule. The precipitate can 
indeed only be separated from the liquid phase by prolonged centrifugation (2-—4 hr, at 1000 qg). 

(Il) Coagulation of Peptised Equivalent Sols by Excess of Ion.-The equivalent sols of 
insoluble metal salts peptised by organic acids, ammonia, etc., can in turn be coagulated by 
addition of excess of one of the reacting ions.* Crystal growth from such systems has been 
studied. 

(A) Organic acid-peptised sols.—({i) Sol stability. The stability of organic acid- and anion 
peptised sols of insoluble metal salts is reduced by excess of cation according to Tuller and 
Fulmer’s relationship,’ viz., 

10g ot, = 108 iol, ; » oR te Se Peas See 


where ¢, is the stability in presence of excess of cation concentration C,, and ¢, is the stability 
of the equivalent sol (for which C, = 0). Results for typical metal salt systems are presented in 


Fic. 7. Crystal growth from citric acid-peptised 0-O005M-silver chromate sols, in presence of excess of cation 
(20°): C,/C, = 0-8 * peptisation ratio, Variation in average crystal diameter with excess cation ; 
anion concentration ratio. 
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Co ft, 
the earlier work on sol stability; C, is the sol stability, and ) represents the fall in stability, as 
measured by log ¢t,/t,, at unit value of C,/C,. 
The coagulating effect of the excess of cation increases with fall in the peptising agent sol 
concentration ratio below the peptisation ratio according to the relation b = 6(C,/C,)™. Rapid 
coagulation (at ¢ 1 sec.) occurs at some particular value of C,, viz., (C, CC), 1.4, 


lod mM CHC, « 00 th hee ee 


where C, is mainly determined by the value of 1/b. 

(ii) Crystal growth. Slow coagulation of the fully peptised citric acid sols by moderate 
amounts of excess of cation lead to formation of well-formed crystals, The average diameter 
(d.) decreases with excess of cation concentration according to the relation (see Fig. 7). 


log ;gm-/m, = 108i, 4? /d,* D(C, ~C)/C, «© «© «© «© « 


The d,* line runs parallel with the sol stability line, and b’ — b, i.2., equation (6) can be 
written 


log m,/m, = Be. be WIN, OS SD 


(B) Ammonia-peptised sols. (i) Sol stability. The coagulation of the equivalent sols by 
excess of reacting ion has been discussed by the author.*| Whereas the fully peptised silver 
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salt sols, for example, can be flocculated by an excess of silver ion of about 1-2—1-3, they are 
much less sensitive to excess of anion. At any ammonia-~sol concentration ratio (C,/C,), the 
stability decreases with excess of anion concentration, according to the Tuller~Fulmer relation 
(5), so that 
logs, = loGif, ~ 0C,/C,. « «© «© «© «© «© «© (6A) 


where C, now represents the excess of anion concentration; here b varies inversely as the ease 
of destabilisation of the ammonia-peptised sol and increases rapidly with fall in C,/C,. 

(ii) Crystal growth, Slow coagulation by excess of anions of silver-salt sols peptised by 
ammonia at C,/C, = 0-7--1-0C,*/C,, 1.¢., from systems containing the complex metal salt, leads 
to formation of well-shaped crystals of appreciable size, similar in character to those prepared 
from the ammoniacal solution by internal evaporation.* The average crystal size decreases 
with the excess of anion concentration, according to equations (7) and (74), and typical results 
for silver chromate systems are presented in Fig, 8, 


hic. & Crystal growth from ammonia-peptised 0-005m-silver chromate sols, in presence of excess of anion 
20°): Cy/C, «= O8 * peptisation ratio, Variation in average crystal diameter with excess anion 
cation concentration ratio 
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DISCUSSION 

Generally, during any precipitation process resulting from a double decomposition, 
nuclei of collodial dimensions are first formed, and the crystal growth thereafter depends 
upon a competition between the growth of these nuclei from the metal salt in super- 
aturated solution, and its utilisation in the formation of fresh nuclei. It is evident that 
for a given amount of material which is ultimately to appear as precipitate, the average 
particle size will be small when the formation of fresh nuclei is the predominating factor, 
but that, as this formation of new nuclei is retarded, the final particle size will increase. 
This work has demonstrated that the crystallinity of insoluble metal salts (as measured 
by the average crystal diameter on a weight basis) may indeed be improved by addition 
of peptising agents that reduce the rate of coagulation of the sol from which the precipitate 
is grown 

rhe enhanced stability of insoluble metal-salt systems in solutions of organic acids, 
gelatin, and agar is in turn due to peptisation of the sol by adsorption of the undissociated 
acid molecule on the surface of the sol micelles,* while peptisation with ammonia occurs 
by adsorption of this reagent on the sol of the complex metal-ammonia salt.2 The rate 


* Cl. Walker, Bray, and Johnson, /. Amer. Chem. Soc., 1927, 49, 1250; Palmer, “ Experimental 
Inorganic Chemistry,’’ Cambridge Univ. Press, 1054, p. 152 
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of coagulation becomes appreciably reduced after adsorption of some definite amount of 
peptising agent (C,), and varies with concentration of the additive according to the relation 

log ig k-/ky = F(C, — €,)/C,. Slow coagulation leads to good crystallinity, however, only 
in those systems where peptisation is due to an orientated adsorption of a bulky organic 
molecule on the surface of the sol micelles; this in turn may regulate the fitting of the 
coagulated (and dehydrated) micelle on an existent crystal lattice. The slow coagulation of 
simple copper salts in solution of organic acids (which is not caused by such a mechanism) 
still leads to formation of a highly hydrated gelatinous precipitate, #.¢., a disordered structure 
with many free valency bonds. 

Slow coagulation from ammonia-peptised systems, where the simple metal salt is still 
the main constituent, leads to a disordered dendritic growth; but coagulation, by excess 
of anion, of systems containing the complex metal ammonia salt, results in larger, well- 
formed crystals. 

Similarly, whereas lead iodide and silver chromate show good crystallinity when grown 
from sols peptised by hydroxy- and amino-acids, respectively, slow coagulation of the sols 
peptised by long polypeptide and polysaccharide chains does not lead to formation of 
large crystals. The chains tend to “intermesh’’ and prevent the diffusing micelles from 
fitting in an ordered manner on a small number of nuclei: instead, a large number of 
small crystallites intimately associated with the peptiser are produced. 

The final average weight of the crystals that grow from the peptised sol—by slow 
ordered fitting on a small number of nuclei—increases exponentially with the concentration 
of peptiser and thus varies inversely as the rate of coagulation of the sol. This result is 
to be expected if we assume that the main growth occurs on the small number (N) of nuclei 
of sufficiently large surface area, that are formed during the short time interval (7) imme- 
diately after mixing.® At this early stage of the precipitation process, we may further 
assume that the rate of formation of nuclei will vary as the rate of coagulation; whence 
for any particular concentration (C,) of peptiser, dN /dt = ake (where a is a constant), 
t.e., N,/1 ake and 


m,|t%, = No/Ne = (NolT)I(NelT) = hel he 


More detailed analysis of the crystal growth is a far more complex problem, since the 
rate of growth at any instant depends on the surface area and the “ supersaturation,’ both 
of which may vary continuously throughout the period of growth.!° 

The overall mechanism of such a sol micelle aggregation, may, however, be examined 
by application of statistical methods to the kinetics of the following process : 


Au 
Hydrated micelle ——®» Dehydrated micelle 


kp 
Dehydrated micelle in bulk of system ——» Miceile at growing crystal interface 


. ha 
n Dehydrated micelles ——®» Aggregate 


In the solutions investigated in this work, the rate (4,) of diffusion of the dehydrated 
micelles from the bulk of the system to the region of growing crystal face is rapid compared 
with the rate of aggregation (4,4), and &, will not be a rate-determining factor. 

We assume that growth occurs from units of approximately the same initial particle 
size, and that intermediate products cannot interact with each other, but only with 
further monomer : 1.¢., 


> M, 


> M, 


* Davies and Jone 3, Discuss. Faraday Soi , 1949, 6, 103 
” Branson, Dunning, and Millard, ibid, p. 83; Davies and Jones, Trans. Faraday Soc., 1965, 61, 
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where M, represents an aggregate of n units. If hy, = hes = Rn,~ms1) = Ra, then the 
molecular composition of the final product can be derived from statistical theory, developed 
for such reactions by Flory and Kierle."! 
At any time, the extent of the reaction, p, is determined by k, according to the relation 
(1 — p) == 2/k,t, while the distribution curve for the weight fraction has its maximum 
at the nm-mer, where 
(1 — py 
log p 


n <= (1 — p)je = 2/ek,t 


xp [— (1 + log p)) 


and as p approaches unity, 


(ec is the base of the natural logarithms). If the weight of the dehydrated micelle is W, 
then the final average crystal weight, m = Cpd* = nW = 2W/ek,t. We have, in fact, 
found experimentally that m varies inversely as the rate of coagulation, and the results 
thus demonstrate that this coagulation may well be the rate-determining step in the 
process of crystal growth from a peptised sol. Since k,/ky = —F(C, — C,)/C,, it follows 
that m,/m, will vary directly as (C, — C,)/C,, as has been observed experimentally. 

At high rates of coagulation (corresponding to t < 1 sec.), a very large number of highly 
hydrated small crystallites are formed instantaneously on mixing, and no further growth 
can occur from a solution that is exhausted of reacting ions. As k is reduced, however, 
fewer aggregates of micelles are formed during the first period after mixing; and these 
grow further by slow ordered fitting of new micelles; whereas rapid rate of growth leads 
to a wide distribution of crystal sizes, addition of peptiser agents favours the formation 
of a crop of larger crystals with a narrow size distribution. 

Conclusions.-The experimental results for crystal growth from highly supersaturated 
metal salt solutions support Balarev and Traube’s hypothesis that the basic unit from 
which crystals grow is the micelle of the peptised sol. Aggregation occurs after slow 
coagulation of this sol, and the crystal growth follows a step-like reaction of the second 
order. 

The crystallinity (as measured by the average crystal diameter on a weight basis) may 
be improved by addition of peptising agents that reduce the rate of coagulation of the sol, 
from which the metal salt precipitate is grown. 

This work was carried out at King’s College, London University, from 1951 to 1953. 1 
thank Professor Sir E, K. Rideal, F.R.S., for his interest, and my colleagues at King’s College 
for helpful discussion, 
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464. The Preparation of Some Substituted Pyridine \-Oxides, 


By A. R. KatrirzKy 


The preparation of a series of substituted pyridine 1-oxides is described ; 
some inconsistencies in the literature are shown to have resulted from 
polymorphism, Picrolonates are convenient for the characterisation of this 
type of compound, 


A sexes of pyridine l-oxides had to be prepared in connection with another investigation. 
New compounds and some other points of interest in the preparations are now briefly 
re ported, 

4-Nitropyridine l-oxide with either acetyl chloride! or hydrochloric acid? gives 
4-chloropyridine l-oxide, but the melting points of the product were reported as 169-5 
and 152-5-—153-5° respectively. In our hands both methods gave the same product, m. p. 


* Ochiai, J. Org. Chem., 1953, 18, 549 
* Den Hertog and Coombé, Kee. Trav. chim., 1961, 70, 581 
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179-5—180° (decomp.). The melting point varied a little with the rate of heating, and the 
compound decomposes slowly on storage, but polymorphism is probably the cause of the 
discrepancy, because 4-ethoxypyridine l-oxide, the melting point of which has been 
reported as 33° by Ochiai and Katada ® and as 126-5--127-5° by den Hertog and Coombé ® 
has now been shown to exist in three polymorphic forms, the melting points of two of which 
agree with the above figures. 

4-Chloropyridine 1-oxide with dimethylamine and hydrazine afforded the corresponding 
4-dimethylamino- and 4-hydrazino-derivative, but aniline gave, in low yield, 4-anilino- 
pyridine by deoxygenation.£ The possibility that 4-hydrazinopyridine 1l-oxide exists 
partly or wholly in the tautomeric form (I) (compare the uncertainty with 4-aminopyridine 
l-oxide °) is being investigated. 


=== : fo 
HO-N )=N-*NH, = HON D=CH-CO,Et 
=. * VE 
(1) (Il) th) 


Ethyl pyridine-4-carboxylate l-oxide and 4-acetylpyridine l-oxide did not readily give 
picrates, perhaps because basicity is weakened by contribution of structures such as (II) to 
the resonance hybrid. However picrolonates were easily obtained ; these derivatives were 
found generally useful for characterisation in this series; further examples are described 
in the Experimental section. 

Attempts to convert methyl 4-pyridylacetate into its l-oxide gave only pyridine-4- 
carboxylic acid 1-oxide; a similar result was reported * for ethyl 2-pyridylacetate. This is 
probably connected with tautomerism with the form (III), for ethyl 3-pyridylacetate 
1-oxide was obtained in the usual way. 

Sodium benzyloxide in benzyl alcohol and 3-methyl-4-nitropyridine l-oxide gave an 
intensely green solution, but 4-benzyloxy-3-methylpyridine l-oxide was not isolated (con- 
trast 4-nitropyridine l-oxide*) probably because of side reactions involving proton 
abstraction from the activated methyl group. However 3-methyl-4-nitropyridine 1-oxide 
was converted into the 4-hydroxy- and the 4-chloro-compound as expected.! The last, with 
sodium alkoxides, gave the 4-methoxy-, 4-ethoxy-, and 4-benzyloxy-derivative, and 
with morpholine and hydrazine respectively the 4-morpholino- and 4-hydrazino-oxide. 
4-Chloro-3-methylpyridine 1-oxide and thiourea gave a thiuronium salt. 

Meisenheimer 7 found that quaternary salts of aliphatic amine oxides with alkali gave 
the tertiary amine and aldehyde: CH,R’O:-NR,* X- —®R,N + R°CHO + HX. 
Ochiai et al.* described a few quaternary salts of pyridine 1-oxides and their reaction with 
alkali, re-forming the pyridines, but no yields or experimental details are given in the 
available abstract. This reaction appeared of possible interest as a method of 
deoxygenating pyridine l-oxides wader non-reducing conditions. 2- and 4-Methyl- 
pyridine l-oxide and pyridine-1-oxide readily gave crystalline methotoluene-p-sulphonates 
(methiodides could not be obtained) and with alkali these gave fair yields of the 
deoxygenated bases. (The yields of the deoxygenated bases were not improved by treating 
the methotoluene-p-sulphonates with alkaline sodium borohydride solution.) Preliminary 
attempts to extend the reaction to negatively substituted pyridines were not encouraging. 


EXPERIMENTAL 
Picrates and picrolonates were prepared in ethanol and recrystallised from that solvent. 
4-Chloropyridine 1-Oxide,-Prepared by Ochiai's method ' the oxide had m. p. 178—180° 
(decomp.) raised by recrystallisation from acetone to 179-5—-180° (decomp.) (Found: C, 46-7; 
H, 3-3; N, 10-4; Cl, 26-9. Cale, for C,H,ONCI: C, 46-3; H, 31; N, 10-8; Cl, 274%). A 


* Ochiai and Katada, J. Pharm. Soc. Japan, 1943, 63, 265 (Chem. Abs., 1961, 45, 6162), 
* Cf. Pachter and Kloetzel, J]. Amer. Chem. Soc., 1952, 74, 971 
5 Jafié, ibid., 1955, 77, 4445 : 
* Adams and Miyano, thid., 1954, 76, 3168. 
’ Meisenheimer, Annalen, 1913, 397, 273 
Ochiai, Katada, and Naito, J. Pharm. Soc. Japan, 1944, 64, 210 (Chem. Abs., 1961, 45, 5154) 
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specimen prepared by den Hertog and Coombé’s * method had identical m. p., mixed m. p., and 
infrared spectrum, The picrate formed yellow needles, m. p. 147-5—149° (satisfactory analytical 
figures were not obtained). The picrolonate formed yellow needles, m. p. 167—168° (decomp.) 
(Found: C, 463; H, 3-2; N, 17-9. CysH,,O,N,Cl requires C, 45-8; H, 3-1; N, 17-8%). 
Ochiai! gives m. p. 169-5° (decomp,) for the base; den Hertog and Coombé? give 152-5 
153-5° (decomp.) for the base and m. p. 147-148” for the picrate (no analysis). 

4-Ethoxypyridine 1-Oxide,4-Chloropyridine l-oxide (1-23 g.) was refluxed for 2 hr. with 
ethanolic sodium ethoxide (from 0-23 g. of sodium and 25 c.c. of ethanol). The mixture was 
evaporated to dryness and the residue crystallised from ethyl acetate, to give the oxide (0-92 g., 
70%) a8 plates, m. p. 30-—-31°, unchanged by a further crystallisation (Found: C, 60-6; H, 6-7. 
Cale, for C,H,O,N: C, 60-4; H, 65%). On other occasions this compound crystallised in 
deliquescent laths, m. p, 124-5-—126-5°, and in fine needles, m. p. ca. 85—95°. The two 
modifications of lower m. p., on slow heating, sometimes gave a m. p. corresponding to that 
of highest m. p. The picrate formed needles, m. p. 124—-125-5° (Found: C, 42-7; H, 3-3; N, 
15-0. Cale. for CyyHyON,: C, 42-4; H, 3-3; N, 152%). The picrolonate formed yellow 
needles, m. p, 190—192° (Found: C, 51-0; H, 4:3; N, 17-5. C,,H,,O,N, requires C, 50-6; 
H, 4:2; N, 17-4%). Ochiai and Katada * give m. p. 33° for the base, and m. p. 125—126° for 
the picrate. Den Hertog and Coombé * give m. p. 126-5-—127-5° for the base and m. p. 126-5 
127-5° for the picrate). 

4-Dimethylaminopyridine 1-Oxide,—4-Chloropyridine l-oxide (2 g.) was heated with 30%, 
aqueous dimethylamine (6 c.c.) for 16 hr, at 140°, The resulting dark solution was diluted 
with water (20 ¢.c.) and twice boiled with charcoal. The solution was evaporated to dryness 
and the residue was extracted with ethanol. These extracts were evaporated to dryness; the 
residue crystallised from ethyl acetate to give the oxide (0-42 g., 20%), needles, m. p. 95—96-5° 
(Found: ©, 611; H, 7-4. C,H,yON, requires C, 60-9; H, 7-2%). The picrate formed yellow 
needles, m, p. 182-—-184° (decomp.) (Found: C, 42-7; H, 3-6; N, 187. CysH4gO,N, requires 
C, 42-5; H, 35; N, 191%); the picrolonate formed buff laths, decomp. 213--218° (lound : 
C, 51-0; H, 45; N, 20-6, C,,H,,O,N, requires C, 50-8; H, 45; N, 20-9%). 

4-Hydvazinopyridine 1-Oxide,4-Chloropyridine l-oxide (5 g.) and hydrazine hydrate 
(18 c.c.) were heated cautiously to 105°. When the exceedingly vigorous reaction abated more 
4-chloropyridine l-oxide (3 g.) was added gradually so that the liquid boiled gently. Finally 
the whole was heated at 105° for 30 min. more, On cooling, the product (4-5—6-6 g., 58-85%) 
separated; it crystallised from ethanol in plates, changing to prisms, m. p. 183—-185° (explosive 
decomp.) (immersion at 175°) (Found; C, 48-3; H, 5-5. C,H,ON, requires C, 48-0; H, 5-6%). 
rhe picrate formed yellow needles, m, p. 192--193° (decomp.) (immersion at 170°) (Found: C, 
37:3; H, 3-0. Cy,HyOgN, requires C, 37-3; H, 28%); the picrolonate formed orange-yellow 
needles, m. p. 208—-210° (decomp.) (Found: C, 46-2; H, 4:0. C,,H,,0,N, requires C, 46-3; 
H, 39%) 

Che hydrazine combined with acetophenone in acetic acid to give a hydrazone, plates (from 
ethanol), m. p, 243-245" (decomp.) (Found ; C, 68-4; H, 5-6. C,,H,ON, requires C, 68-7; H, 
5-7%) 
4-Anilinopyridine.—Aniline (12 c.c.) and 4-chloropyridine l-oxide (2-6 g.) were heated at 
115° for 18 hr. The deep violet product was steam-distilled, then filtered from tar, and the 
aqueous solution was treated with charcoal and evaporated almost to dryness, I[xcess 
of potassium carbonate was added, and the whole extracted with chloroform, The dried 
(MgSO,) extracts were evaporated to dryness and the residue was recrystallised from dioxan 
and twice from ethanol-water (1: 3) to give the pyridine (0-21 g., 6%) in plates, m. p. 173-5 
175° (Found: C, 77-5; H, 61; N, 16-7. Calc. for C,,H,,.N,: C, 77-6; H, 5-0; N, 165% 
(it. m. p. 175-—-176°) 

1-Oxides of 3- and 4-Acetyl- and -Carboxy-pyridine.—Ethy] tsonicotinate (6-6 g.), acetic acid 
(40 c.c.), and 30% hydrogen peroxide (7 c.c.) were heated at 70° overnight, then solvent was 
removed at 100°/12 mm., water (15 c.c.) was added, and volatile compounds were again removed 
at 100°/12 mm.; ethyl pyridine-4-carboxylate l-oxide (6-0 g., 82%) crystallised from light 
petroleum in needles, m, p, 63-5—65° (Found: C, 57-8; H, 5-7, Calc. for CgH,O,N : C, 57-5; 
H, 54%) (Shimizu et al.* give only a b. p. for this compound), The picrolonate formed yellow 
laths, m. p, 121-—122° (decomp.) (Found: C, 49-9; H, 40; N, 16-2. Cy,H,,O,N, requires 
C, 50-1; H, 3-9; N, 162% 


* Shimizu, Naito, Ohta, Yoshikawa and Dohmori, /, Pharm. Soc. Japan, 1952, 72, 1474 (Chem 
, 1953, 47, 8077) 
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The following were similarly prepared : 4-acetylpyridine l-oxide (84%), needies (from ethyl 
acetate), m. p. 152-5-—135° (lit. m. p. 132°) [dinitrophenylhydrazone, red prisms (from acetic 
acid), m. p. 255—259° (decomp.) (Found: C, 49-2; H, 3-7; N, 22-1. Cy,H,,O,N, requires C, 
49-2; H, 3-5; N, 22-1%); picrolonate, buff needles, m. p. 138-—-139° (decomp.) (Found: C, 
50-6; H, 3-9; N, 17-5. ©,,H,,0,N, requires C, 50-9; H, 3-7; N, 17-5%)|; ethyl pyridine-3- 
carboxylate l-oxide (85%), prisms (from ethyl acetate), m. p. 100-5-—-102-5° (lit.,* m. p. 101 
102°) [picrolonate, fawn needles, m. p. 131-——-131-5° (decomp.) (Found: C, 50-1; H, 40; N, 
15-9%)]; 3-acetylpyridine l-oxide, prisms (from ethy! acetate or methanol), m. p. 145-—-147° 
(lit. m. p. 142°) {dinitrophenylhydrazone, orange prisms (from acetic acid), m. p. 252-—256° 
(decomp.) (Found: C, 49-2; H, 35%); picrate, yellow needles, m. p. 122-—123-5° (Found: C, 
42-9; H, 29. C,,H,,O,N, requires C, 42-6; H, 27%); methotoluene-p-sulphonate, needles 
from ethyl acetate-ethanol (6: 1)}], m. p. 115—117° (Found: C, 554; H, 54; N, 45. 
C,5H,,O,N, requires C, 55-7; H, 5-3; N, 4-3%)}. 

Picrolonates.—-The following were also prepared: 2-, yellow needles changing to buff rods, 
m. p. 150-—-151° (decomp.) (Found: C, 51-6; H, 41; N, 186. CygH,sO,.N, requires C, 51-5; 
H, 4:0; N, 188%), and 4-methylpyridine l-oxide picrolonate, yellow needles, m, p. 180-—181° 
(Found: C, 51-7; H, 4:5%), and pyridine l-oxide picrolonate, yellow needles, m, p, 182-—-184° 
(Found: C, 50-5; H, 3-7; N, 19-4. C,,H,,O,N, requires C, 50-2; H, 3-6; N, 10-5%). 

Oxidation of Esters of 3- and 4-Pyridylacetic Acid.-E-thy| 3-pyridylacetate (4-7 g.), acetic acid 
(30 c.c.) and 30% aqueous hydrogen peroxide (10 c.c.; half added only after 12 hr.) were heated 
at 60° for 36 hr. Working up in the usual way gave the corresponding l-owide (2-4 g., 47%), 
needles (from ethyl acetate), m. p. 100-5—102° (Found: C, 59-5; H, 6-3. C,H,,O,N requires 
C, 59-7; H, 61%). The picrolonate separated from ethanol in yellow needles, m. p. 154 
154-5° (decomp.) (Found: C, 51-2; H, 4-6. C,,H,,O,N, requires C, 51-2; H, 43%) 

The action of peracetic acid on methyl 4-pyridylacetate gave no product when potassium 
carbonate was used to dry the chloroform extracts, but use of magnesium sulphate gave a little 
pyridine-4-carboxylic acid 1-oxide, m. p. 263-—265° (found: C, 51:3; H,3-9; N, 101. Cale, 
for C,H,O,N: C, 51-8; H, 3-6; N, 10-1%) (lit.,* m. p. 266°). 

4-Hydroxy-3-methylpyridine 1-Oxide.—This compound, prepared by heating 3-methyl-4 
nitropyridine 1l-oxide with acetic anhydride and dimethylaniline, as for the non-methylated 
analogue,! formed prisms (from ethanol), m. p. 224— 226° (decomp.) (Found: C, 57-6; H, 5-4. 
C,H,O,N requires C, 57-6; H, 56%), 

4-Chloro-3-methylpyridine 1-Oxide.-Prepared by using acety! chloride as with 4-chloro 
pyridine l-oxide above, the oxide (93%) formed stout needles or prisms, m, p, 122-—123°, from 
ethyl acetate (Found: C, 50-1; H, 42; N, 95; Cl, 24-8. C,H,ONCI requires C, 50-2; H, 
4:2; N,@8; Cl, 247%). The picrolonate formed fine yellow needles, m. p. 173-—-175° (decomp.) 
(Found : C, 47-3; H, 3-7. CygHyO,N,Cl requires C, 47-1; H, 3-4%) 

The following were prepared from 4-chloro-3-methylpyridine l-oxide essentially as given 
above or in the literature! for their non-methylated analogues: 4-methoxy-3-methyl-, needles 
(from ethyl acetate), m. p. 80-5-—82-5° (Found: C, 60-7; H, 68. C,H,O,N requires C, 60-4; 
H, 65%); 4-ethoxy-3-methyl-, needles (from benzene), m. p. 1384-135" (Found: C, 62-3; H, 
7-4. C,H,,O,N requires C, 62-7; H, 72%); 4-benzyloxy-3-methyl-, laths (from benzene), m. p. 
64—65° with resolidification and remelting at 128—-130° (Found; C, 72-3; H, 62. Cy,H,,O,N 
requires C, 72-6; H, 60%); 3-methyl-4-morpholino-, needles (from ethyl acetate or acetone), 
m. p. 107—109-5° (Found: C, 61-8; H, 7-3. C, ,H,,O,N, requires C, 61-9; H, 7-2%); and 
4-hydvazino-3-methyl-pyridine 1-oxide, prisms (from ethanol), m. p, 187--188° (decomp,) (Found : 
C, 51-4; H, 65. C,yH,ON, requires C, 51-8; H, 65%) |picrate, yellow needles, m. p. 185-—186° 
(decomp.) (Found: C, 394; H, 3-6. C,,H,,O,N, requires C, 30-1; H, 33%); prcrolonate, 
yellow needles, m. p. 187-—188° (decomp.) (Found: C, 47-9; H, 4:5. C,,H,,O,N, requires 
C, 47-6; H, 4:2%)); (3-methylpyridine 1-oxide)-4-thiuronium chloride, rods (from ethanol), m, p. 
130—131-5° (Found: N, 19-2. C,H,ON,SCI requires N, 19-1%) 

Methotoluene-p-sulphonates of Pyridine 1\-Oxides.—-Pyridine l-oxide (4-75 g.) and methyl 
toluene-p-sulphonate (9-3 g.) were heated at 110° for 5 hr.; the product crystallised from 
ethanol-ethyl acetate to give l-methoxypyridimium toluene-p-sulphonate (10-45 g., 74%) in 
deliquescent plates, m. p. 86-—-90° (Found: C, 55:4; H, 52. C,,H,,O,NS requires C, 55-5; 
H, 5-3%) 

Similarly were prepared : l-methoxy-2-methylpyridinium (68%), deliquescent needles, m. p 

Kanno, J. Pharm. Soc, Japan, 1953, 73, 120 (Chem. Abs., 1953, 47, 11154) 

11 Petrow, /., 1945, 927 


* Ghigi, Ber., 1942, 76, 1318 
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109-—112°, from ethanol-ethyl acetate (Found: C, 66-7; H, 6-0. C,,H,,O,NS requires C, 
56-0; H, 68%), and 1-methoxy-4-methylpyridinium toluene-p-sulphonate (86%), needles m. p. 
154-5-—~165-5°, from ethanol-ethyl acetate (Found: C, 56-9; H, 56%). 

Decomposition of Metho-salts of Pyridine \-Oxides by Alhkali,-1-Methoxypyridinium toluene 
p-sulphonate (1-40 g., 5 millimoles) was treated with water (10 c.c.) and 2-5n-sodium hydroxide 

5 c.c.), and the mixture was distilled almost to dryness; more water (5 c.c.) was added and the 
whole again distilled. From the combined distillates were isolated in separate experiments 
pyridinium picrate (0-86 g., 56%), m. p. and mixed m. p. 165-5—167-5°, and pyridinium 
picrolonate (0-97 g., 57%), m. p. and mixed m, p. 232-—-233° (decomp.). Authentic pyridinium 
picrolonate formed fine yellow needles, m. p, 232-—-233° (decomp.) (Found: C, 52-6; H, 42; 
N, 20-2. CysHyOgN, requires C, 52-5; H, 3-8; N, 20-4%). 

Similarly the l-methoxy-2-methyl and 1l-methoxy-4-methy! analogues gave respectively 
2-picoline as picrate (64%), m. p. and mixed m. p, 164-—-166-5°, or picrolonate (67%), m. p. 212- 
214° (decomp.) (lit. m. p. 214—215”), and 4-picoline as picrate (85%), m. p. and mixed m. p. 
164 166-5". 


Part of this work was carried out during the tenure of an I.C.1. Fellowship. 
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465. Oxygen Heterocycles. Part V.* Phenoxathiin Derivatives. 


By Evi Lescor, Nc. Pu. Buu-Hoj, and N. D, Xuona. 


The chemistry of phenoxathiin has been investigated, particularly in 
respect of Friedel-Crafts reactions and the use of the resulting ketones for 
the synthesis of, e.g., a large number of phenoxathiin compounds bearing a 
nitrogen-heterocyclic substituent. 


ALtuouGH phenoxathiin has long been known, its reactivity and derivatives have rarely 
been investigated. A separate study of the biological properties of polycyclic sulphur com- 
pounds required the preparation of various derivatives of phenoxathiin,t especially com 
pounds with nitrogen-heterocyclic substituents. The most accessible intermediates for 
such syntheses appeared to be acylphenoxathiins, whose preparation was therefore in- 
vestigated, Suter, McKenzie, and Maxwell! obtained 2-acetylphenoxathiin from acety] 
chloride and aluminium chloride in carbon disulphide; this procedure has now been ex- 
tended to higher aliphatic acid chlorides and to phenylacety! chlorides, giving in all cases 
2-acylphenoxathiins (1) in good yield. Wolff-Kishner-Huang-Minlon reduction® was 
then a convenient route to 2-alkyl- and 2-arylalkyl-phenoxathiins, which could be re- 
acylated to give monoketones whose constitution was not established but which were 
probably 2: 8-derivatives, in view of Tomita’s results on the bischloroacetylation of 
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phenoxathiin.* Acid anhydrides could also be used for acylation, ¢.g., succinic and phthalic 

anhydride. From 2-benzoylphenoxathiin and benzylmagnesium chloride, a trisubstituted 

ethylene was obtained, which underwent bromination to the cestrogenic a-bromo-$-2 

phenoxathiinylstilbene (II). 2-Acetamidophenoxathiin, which may be compared with the 

carcinogenic 2-acetamidofluorene and 2-anthramide, was readily prepared by Beckmann 
* Part LV, Bisagni, Buu-Hoi, and Royer, /., 1965, 3693. 


t The numbering adopted for this compound is that given in Patterson and Capell’s “ The Ring 
Index,’ Reinhold Publ. Corp., New York, 1940. 
' Suter, McKenzie, and Maxwell, ]. Amer. Chem. Soc., 1936, §8, 717 
* Hluang-Minlon, ibid, 1046, 68, 2487 
* Tomita, /. Pharm. Soc. Japan, 1938, §8, 510. 
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rearrangement of the oxime of 2-acetylphenoxathiin ; hydrolysis yielded the tuberculostatic 
2-aminophenoxathiin, which Irie * prepared previously by another method. 


° 
S R’ 
ArN: | RK = 
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(VI) (VII) 


For the synthesis of derivatives of nitrogen heterocycles, the w-bromo-ketone obtained 
by bromination of 2-acetylphenoxathiin proved convenient ; condensation with 2-picoline, 
2: 4-lutidine, and 5-ethyl-2-methylpyridine, and Tschitschibabin cyclisation of the corre- 
sponding quaternary derivatives,® gave 2-2’-pyrrocolinylphenoxathiin (III) and_ its 
7-methyl and 6-ethyl homologues. A similar condensation with 2-aminopyridine® led 
to 2-2’-phenoxathiinyl-1 : 3a-diazaindene (IV); prolonged heating of 2-a-bromoacetyl- 
phenoxathiin with o-phenylenediamine* caused condensation and dehydrogenation 
to give 2: 2’-quinoxalinylphenoxathiin (V). In the thiazole group, the von Walther 
reaction * of 2-«-bromoacetylphenoxathiin with NN’-diarylthioureas gave a series of 
3-aryl-2-arylimino-4-2’-phenoxathiinyl-A*-thiazolines (V1). Other nitrogen-heterocyclic 
derivatives were prepared directly from 2-acylphenoxathiins : the indole (VII; R’ «= H 
and Me) by indolisation of the phenylhydrazones of 2-acety!- and 2-propionyl-phenoxathi- 
in; and from these two ketones with isatin, 2-2’-phenoxathiinyleinchoninic acid and its 
6-methyl homologue ; thermal decarboxylation of these acids yielded the quinolines. 


EXPERIMENTAL 


Friedel-Crafts Acylation of Phenoxathiin.—To a solution of phenoxathiin (0-1 mole) and 
acetyl chloride (0-12 mole) in dry carbon disulphide (100 c.c.), finely powdered aluminium 
chloride (0-1 mole) was added in small portions, and the mixture refluxed for 3—4 hr.; after 
decomposition with water, the product was taken up in chloroform, and the chloroform layer 
washed with dilute aqueous sodium hydroxide, then with water, and dried (Na,SO,). The 
residue from evaporation of the solvent gave 2-acetylphenoxathiin (82%), b. p. 258—260°/20 
mm., m. p. 113° (from ethanol) (Suter et al.! recorded a 58% yield and m. p, 111°), This pro 
cedure was used in all the other acylations, 

2-A cetamidophenoxathiin,—-2-Acetylphenoxathiin oxime formed needles, m. p, 153°, from 
ethanol (Found: C, 65-5; H, 42. C,,H,,O,NS requires C, 65-4; H, 43%). To an ice-cooled 
suspension of this oxime (26 g.) in dry ether (500 c.c.), finely powdered phosphorus pentachloride 
(20 g.) was added in small portions with shaking, and the mixture stirred for a further 10 min, 
After addition of crushed ice, the ethereal layer was washed repeatedly with water, then dried 
(Na,SO,), and the solvent distilled off; the residue, on recrystallisation from benzene, gave 
needles of 2-acetamidophenoxathiin (20 g.), m. p. 159° (Found: C, 65-2; H, 41. C,,H,,O,NS 
requires C, 65-4; H, 43%). Hydrolysis with hydrochloric acid, and treatment of 2-amino- 
phenoxathi-in hydrochloride with aqueous sodium hydroxide, afforded the base, b. p. 260 
260° /20 mm. 

2-p-Chlorocinnamoylphenoxathiin.—-A warm solution of 2-acetylphenoxathiin (1 g.) and 
p-chlorobenzaldehyde (0-5 g.) in ethanol was treated with a few drops of 20%, aqueous sodium 


* Irie, J. Fac. Set. Hokkaido Univ., 1951, 3/4, 70 

* Tschitschibabin, Ber., 1927, 60, 1607. 

* Idem, Ber,, 1925, 58, 1704; 1926, 68, 2048; Bun-Hol, Jacquignon, Xuong, and Lavit, J. Org 
Chem., 1964, 19, 1370. 

’ Hinsberg, Annalen, 1896, 202, 246; Buu-Hol and Khdéi, Bull. Soc. chim. France, 1960, 17, 763 

* Von Walther, J. prakt. Chem., 1907, 75, 18% 
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hydroxide and kept for 1 hr, at room temperature; the precipitated ketone obtained on dilution 
with water crystallised as bright yellow needles, m. p. 195°, from benzene (Found: C, 69-4; 
H, 38. C,,HyO,SCI requires C, 69-1; H, 3-6%). 

2-p- Methoxycinnamoylphenoxathiin, prepared from p-anisaldehyde, formed pale yellow 
needles, m, p, 122° (Found: C, 73-6; H, 4-5. CggH,,O,5 requires C, 73-3; H, 4-4%). 

2-2'-Indolylphenoxathiin (VIL; R’ = H).--A mixture of 2-acetylphenoxathiin (3 g.) and 
phenylhydrazine (3 g.) was heated at 150° until evolution of water ceased; fused zinc chloride 
7 g.) was added to the crude phenylhydrazone, and the mixture heated at 180-—195° for 5 min, 
After cooling, the product was treated with aqueous acetic acid and benzene, the benzene solution 
washed with water and dried (Na,5O,), and the solvent distilled off. The residual product 
crystallised as needles (3-5 g.), m. p, 202°, from benzene (Found: C, 75-9; H, 41. Cg gH,,ONS 
requires C, 76-2; H, 41%). 

2-2’-Phenoxathiinyleinchoninic Acid,-A solution of 2-acetylphenoxathiin (2-5 g.), isatin 
(1-5 g.), and potassium hydroxide (1-7 g.) in ethanol (15 c.c.) was refluxed for 24 hr.; after dilu 
tion with water and ether-extraction, the aqueous layer was acidified with acetic acid, and the 
precipitated acid recrystallised from ethanol, giving yellowish prisms (80% yield), m, p. 255° 
(Found: C, 71-0; H, 3-3. Cy,H,,O,NS requires C, 71-2; H, 3-5%). The potassium salt was 
sparingly soluble in water. : 

Heating the acid above its m. p. and distillation of the residue in vacuo, gave 2-2’-quinolyl- 
phenoxathiin, needles, m. p, 132° (from ethanol) (Found: C, 77-0; H, 3-7. C,,H,,ONS re- 
quires C, 77-1; H, 40%), giving a picrate, leaflets, m. p. 223°, from ethanol. 

2-Propionylphenoxathiin (1; BR Et).Obtained in 78% yield, this ketone, b, p,. 275 
277°/25 mm., formed yellowish prisms, m. p. 71—-72°, from ethanol (Found: C, 70-5; H, 4-4. 
C,,H,,0,5 requires C, 70-3; H, 4:7%) 

2-(3-Methyl-2-indolyl)phenoxathiin (VII; B Me).--Prepared as for the lower homologue, 
this indole formed needles, m. p. 151°, from benzene (Found: C, 76:3; H, 4:5. C,,H,;,ONS 
requires C, 76-6; H, 46%). 

3-Methyl-2-2’-phenoxathiinyl)cinchoninic Acid.—This acid formed yellow needles, m. p. 316°, 
from ethanol (Found; C, 71:5; H, 4-1. CysH,,O,NS requires C, 71-7; H, 3-9%) 

2-n-Butyrylphenoxathiin (1; K Pr),-—Prepared in 89%, yield, this ketone, b. p. 276 
278°/21 mm., formed needles, m, p. 64°, from ethanol (Found: C, 71-1; H, 5-1. CygH,,O,5 
requires C, 71-1; H, 52%). 2-n-Valerylphenoxathiin (77% yield), b, p, 279-—280°/20 mm., 
crystallised as needles, m, p, 63-—64°, from ethanol (Found: C, 71-8; H, 65. C,,H,,0,5 re 
quires C, 71-8; H, 56%) and gave a semicarbazone, prisms, m. p. 177° (from ethanol) (Found : 
N, 120. CysHyO,N,S requires N, 123%). 2-Decanoylphenoxathiin (80% yield) formed 
prisms, m. p. 68—69° (Found: C, 74:6; H, 7:0. CygH,,O,S requires C, 74:5; H, 7:3%). 
2-Phenylacetylphenoxathiin (79% yield), b. p. 310-—311°/18 mm., formed prisms, m, p. 127° 
(Found: C, 75-2; H, 41. Cy H,,0,5 requires C, 75-5; H, 4:4%). 

2-Alkylphenoxathiins,-2-Ethylphenoxathiin was obtained in 88% yield from 2-acetyl 
phenoxathi in (20 g.), 95% hydrazine hydrate (10 g.), and potassium hydroxide (10 g.) in diethy!- 
ene glycol (150 c.c.), a8 a pale yellow oil, b. p. 217--219°/25 mm., nf? 1-6548 (Found ; C, 73-8; 
H, 62. C,,H,,OS requires C, 73-6; H, 52%). Similarly were prepared 2-n-pentyl-, b. p. 
249-—250°/18 mm.,, n? 1-6152 (Found: C, 75-4; H, 6-5. C,,H,sOS requires C, 75-5; H, 66%), 
2-n-decyl-, b. p. 306-—-307°/22 mm., n? 1-5758 (Found: C, 77-3; H, 81. C,y,H,,OS requires 
C, 77-6; H, 82%), and 2-bensyl-phenoxathiin, b. p. 277--278°/16 mm., needles, m. p. 53° (from 
light petroleum) (Found: C, 784; H, 5-0. C,,H,,OS requires C, 78-6; H, 48%). 

8( ?)-Acetyl-2-ethylphenoxathiin,.Prepared in 80% yield from 2 ethylphenoxathiin (15 g.), 
acetyl chloride (5 g.), and aluminium chloride (9 g.) in carbon disulphide (100 c.c,), this ketone 
had b, p, 249-250°/13 mm., n? 1-6561 (Found: C, 71-4; H, 5-3. C,H 40,5 requires C, 71-1; 
H, 52%); its semicarbazone formed prisms, m. p, 212°, from ethanol 

2-w-Bromoacetylphenoxathiin.—-To a solution of 2-acetylphenoxathiin (20 g.) in acetic acid 
(100 ¢.c.), bromine (13 g.) in acetic acid (20 ¢.c.) was added dropwise with stirring, and the 
mixture kept overnight at room temperature, then poured in ice-water, The solid product, on 
recrystallisation from ethanol, formed yellowish needles (83° yield), m. p, 134° (Found: C, 
62-6; H, 28, C,,H,O,SBr requires C, 52-3; H, 2-8%) 

2.2'-Pyrrocolinylphenoxathiin (111).—-A mixture of the foregoing bromo-ketone (2 g.), 2 
picoline (1-5 g.), and ethanol (10 c.c.) was heated for 1 hr. on the water-bath; the solid picolinium 
salt which crystallised on cooling was collected, washed with ether, and dissolved in a 10% 
aqueous solution of hydrogen sodium carbonate (120 c.c.), and this solution brought to the boil, 
rhe precipitate was collected after cooling and, recrystallised from benzene, gave the pyrrocoline 


v 
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(2 g.), sublimable prisms, m. p. 199—200° (Found: C, 76-4; H, 44. C,,H,,ONS requires 
C, 76-2; H, 41%). 

2-(6-Ethyl-2-pyrrocolinyl)phenoxathiin formed needles, m, p. 155°, from benzene (Found : 
N, 42. C,,H,,ONS requires N, 41%); 2-(7-methyl-2-pyrrocolinyl)phenoxathiin formed needles, 
m. p. 209°, from benzene (Found: N, 4-3. C,,H,,ONS requires N, 43%); it gave with sodium 
nitrite and hydrochloric acid * a nitroso-derivative, crystallising as green prisms, m. p. 245° 
(decomp.) from ethanol. 

2-2’-Phenoxathiinyl-1 : 3a-diazaindene (1V),—2-w-Bromoacetylphenoxathiin (3 g.) and 
2-aminopyridine (1-5 g.) in ethanol (12 c.c.) were heated at 60° for 2 hr.; the precipitate obtained 
on dilution with ether was basified with aqueous sodium carbonate; the base recrystallised from 
ethanol as yellowish prisms (2-5 g.), m. p. 185° (Found: N, 8-6. C,,H,,ON,S requires N, 8-9%). 

2-2’-Ouinoxalinylphenoxathiin (V).—A solution of 2-w-bromoacetylphenoxathiin (1-7 g.) 
and o-phenylenediamine (0-5 g.) in ethanol (10 c.c.) was refluxed with sodium acetate (0-5 g.) 
for 2 hr.; the product precipitated on dilution with water crystallised as needles, m, p. 174°, 
from ethanol (Found: N, 8-2. C, .H,,ON,5S requires N, 85%). 

2-4-Carboxypropionylphenoxathiin.—To a solution of phenoxathiin (30 g.) and succinic an- 
hydride (18 g.) in nitrobenzene (175 c.c.), aluminium chloride (20 g.) was added in small portions, 
and the mixture kept overnight at room temperature. After treatment with dilute hydrochloric 
acid, the nitrobenzene was removed by steam-distillation, and the crude acid purified via its 
sodium salt; it formed prisms (3 g.), m. p. 167°, from aqueous ethanol (Found: C, 64-0; H, 3-7. 
CygH,,0,5 requires C, 64-0; H, 40%). 

2-0-Carboxybenzoylphenoxathiin,—Prepared in the same way from phthalic anhydride 
(30 g.), this acid formed yellowish prisms, m. p, 186°, from ethanol (Found: C, 68-8; H, 3-1, 
CypH 20,5 requires C, 69-0; H, 34%). 

a-Bromo-}-2-phenoxathiinylstilbene (11),-To a cooled solution of a Grignard reagent pre- 
pared from benzy! chloride (10-6 g.) and magnesium (2 g.) in anhydrous ether (200 c.c.), 2-benzoyl- 
phenoxathiin ! (17 g.) in ether (50 c.c.) was added in small portions with shaking, and the 
mixture refluxed for 30 min.; after addition of a cold dilute aqueous solution of sulphuric acid, 
the organic layer was separated, the solvent distilled off, and the residue heated with 99%, 
formic acid (35 g.). After dilution with water, the crude stilbene was taken up in benzene, and 
distilled in vacuo; it formed a viscous resin (19 g.), which was treated in chloroform with bromine 
(8 g.). Evaporation of the solvent gave the bromostilbene (11), which formed needles, m. p, 
129-—130°, from ethanol (Found; C, 67-9; H, 3-5. C,,H,,OSBr requires C, 68-3; H, 3-7%). 


3-A ryl-2-arylimino-4-2'-phenoxathiinyl-M*-thiazolines (V1). 
Found (%) Reqd. (%) 

Formula Cc H ; I 

2H ON, S, 71-8 

. 731 


t 


= 


Phenyl ( 

Tolyl ( 
n-Propylphenyl ( 73-0 
n-Heptylphenyl 759 
4-Xylyl ( , 73-8 
2-Diphenylyl ( N 77-9 
-Diphenylyl Cc ’ 77-4 
Naphthyl ( 76-0 
-Fluorophenyl 66-5 
Chlorophenyl ( 62-1 
-Bromophenyl 52-9 
Phenethyl ( 68°58 


Sever eou ses 
ee ee 


rarH ag 

Thiazolines (V1).—-These were prepared by refluxing for 1 hr. equimolar amounts of 2-w- 
bromoacetylphenoxathi-in and the appropriate NN’-diarylthiourea in ethanol; after cooling, 
the mixture was basified with aqueous sodium hydroxide, and the precipitate collected, washed 
with water, and recrystallised from ethanol. EF .¢., 2-p-chlorophenyl-3-p-fluorophenylimino-4-2’- 
phenoxathiinyl-A*-thiazoline, prepared from 4-chloro-4’-fluorothiocarbanilide,” formed needles, 
m. p. 164° (Found: C, 642; H, 3-0. C,,H,,ON,S,CIF requires C, 645; H, 32%). Other 
products are listed in the Table. 


DEPARTMENT OF ORGANIC CHEMISTRY, 
Tue Rapium Instirute, University ov Paris (Received, December 21st, 19556.) 


* Borrows, Holland, and Kenyon, J, 1946, 1075. 
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466. 1 : 8-Dihydroxynaphthalene. 
By No. Pu. Buv-Hol and Denise Lavir. 


Methylation of 1: 8-dihydroxynaphthalene gave, at variance with the 
literature, both a mono- and a di-ether. Formylation and acetylation of 
the latter occurred at position 4. The 4-ethyl and 4-methyl derivatives 
were prepared; the dimethyl ether of the latter underwent formylation at 
position 5, Some other derivatives of 1 : 8-dihydroxynaphthalene have 
been synthesised. 


NOTWITHSTANDING the ready accessibility of 1 : 8-dihydroxynaphthalene, little is known 
concerning its reactions, and even the structure of its methylation products has not yet 
been elucidated, Heller and Kretzschmann ! treated 1 : 8-dihydroxynaphthalene with 
dimethyl! sulphate in aqueous alkali and obtained a compound, m. p. 50°, stated to be the 
dimethy!] ether, but Staudinger, Schlenker, and Goldstein * obtained, in the same way, 
‘only the monomethyl ether, m. p. 565-—56°, which Béeseken and Smitt ® also isolated as the 
sole product on use of diazomethane. It has now been found that methylation of 1 ; 8-di- 
hydroxynaphthalene with dimethyl sulphate in aqueous alkali affords the monomethyl 
ether and smaller amounts of the true dimethy] ether, m. p. 157°; the yield of the latter 
is increased by using ethanol as solvent. The previous failure to prepare the dimethy] 
ether was due to the eryptophenolic nature of 8-methoxy-l-naphthol, on account of which 

it is only sparingly soluble in aqueous alkalis and evades further methylation. 
Formylation of 1 : 8-dimethoxynaphthalene with dimethylformamide and phosphorus 
oxychloride * gave 4: 5-dimethoxy-I-naphthaldehyde, whose constitution followed from 
the fact that the acrylonitrile resulting from its alkali-catalysed condensation with benzyl 
CH = CC \Hs cyanide was demethylated by pyridine hydrochloride to $-(4 : 5-di- 


ow tghes a hydroxynaphthyl])-«-phenylacrylonitrile (I); had the formyl group 
o . | y CN entered the position ortho to a methoxy-radical, this reaction sequence 


would have led toacoumarin.® Friedel-Crafts acetylation of 1 : 8-di- 
S FA (1)  methoxynaphthalene afforded a single ketone, which was 1-acetyl- 
HO OH 4: 5-dimethoxynaphthalene, as its Pfitzinger reaction with isatin 
yielded a cinchoninic acid (L1) identical with the acid resulting from a Doebner reaction of 
4: 5-dimethoxy-1-naphthaldehyde with aniline and pyruvic acid. 

Homologues of 1 ; 8-dihydroxynaphthalene were prepared by Wolff-Kishner reduction 
of 4: 5-dimethoxy-l-naphthaldehyde and 1-acetyl-4 ; 5-dimethoxynaphthalene, and their 
demethylation led to 4: 5-dihydroxy-l-methyl- and l-ethyl-4 : 5-dihydroxy-naphthalene. 
Formylation of 4; 5-dimethoxy-l-methylnaphthalene gave an aldehyde which was 


(tl) (it) (iV) 


probably 4: 5-dimethoxy-8-methyl-1-naphthaldehyde as its formyl group was sterically 
hindered and it failed to give an acrylonitrile with benzyl cyanide in the usual conditions. 
Wolfi-Kishner reduction was successful, but the demethylation product of 1: 8-di 
methoxy-4 : 5-dimethylnaphthalene was highly autoxidisable and could not be obtained 


' Heller and Kretgschmann, Ber, 1921, 64, 1098, 3330 

* Staudinger, Schlenker, and Goldstein, Helv. Chim. Acta, 1921, 4, 334, 339. 
* Béeseken and Smitt, Rec. Trav. chim., 1939, 68, 125 

* Cf, Buu-Hoil and Lavit, /., 1955, 2776 

* Buu-Hol ef al, J/., 1951, 2307; /. Org. Chem., 1954, 19, 1391, 1548 
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pure. Unlike the dimethyl ethers of all the other dihydroxynaphthalenes, whose picrates 
are orange-yellow to orange-red, | : 8-dimethoxynaphthalene and its homologues give 
brown-red to brown-violet picrates. 

In the presence of hydrogen chloride, 1 : 8-dihydroxynaphthalene and one mol. of ethyl 
acetoacetate give 4’-hydroxy-4-methyl-7 : 8-benzocoumarin (III; R =H), behaviour 
reminiscent of that of 1 : 5-dihydroxynaphthalene ; ® 8-methoxy-l-naphthol yielded in the 
same conditions 4’-methoxy-4-methyl-7 : 8-benzocoumarin (III; R = Me), which was 
converted by pyridine hydrochloride into the phenol (III; R =H). 4’-Hydroxy-3: 4- 
cyclopenteno-7 : 8-benzocoumarin (IV), was similarly obtained by condensation with ethyl 
cyclopentanone-2-carboxylate, and the cyclohexene analogue analogously. 


EXPERIMENTAL 


Methylation of 1: 8-Dihydroxynaphthalene.-To a freshly prepared solution of 1: 8-di- 
hydroxynaphtbalene (20 g.; m. p. 145—-146°) in 10% aqueous potassium hydroxide (155 c.c.), 
dimethyl sulphate (36 g.) was added in small portions with stirring, and the mixture then 
refluxed for 10 min. Further potassium hydroxide (10 g.) was stirred in, then more dimethyl 
sulphate added until the solution was acid, at which point the process was repeated once more. 
The products were then taken up in benzene, the benzene solution washed with dilute aqueous 
sodium hydroxide, then with water, and dried (Na,SO,), the solvent removed, and the residue 
distilled in vacuo, ‘The distillate (b. p. 167—-168°/12 mm.) gave on crystallisation from ethanol : 
(a) less soluble | : 8-dimethoxynaphthalene, leaflets (7 g.), m. p. 157° (Found: C, 76-0; H, 6-5; 
O, 17-1. CyH,,O, requires C, 76-6; H, 6-4; O, 17-0%), whose picrate formed brown-red needles, 
m. p. 172°, from ethanol (Found: N, 9-8. C,,H,,O,N, requires N, 10:1%); and (+) more 
soluble 8-methoxy-Il-naphthol (8 g.), m. p. 55—56°, which was insoluble in dilute aqueous 
alkali 

When the methylation was performed in ethanol (150 c.c.), the vields of 1 : 8-dimethoxy- 
naphthalene and 8-methoxy-l-naphthol were 15-5 g. and 3 g. respectively. 

4: 5-Dimethoxy-1-naphthaldehyde,—1 ; 8-Dimethoxynaphthalene (20 g.), dimethylformaraide 
(10 g.), phosphorus oxychloride (18-5 g.), and dry toluene (20 c.c.) were refluxed for 3 hr. on a 
water-bath, and the greenish crystalline mass formed was treated with hot concentrated aqueous 
sodium acetate for 30 min, The aldehyde was taken up in benzene, the benzene solution washed 
with dilute hydrochloric acid then with water, and dried (CaC],), the solvent removed, and the 
residue fractionated in vacuo, 4: 5-Dimethoxy-\-naphthaldehyde (19 g.), b. p. 221°/12 mm., 
formed colourless needles, m. p. 95°, from ethanol, and gave a red colour in sulphuric acid 
(Found: C, 72-1; H, 56. C,,H,,O, requires C, 72-2; H, 56%). The thiosemicarbazone 
crystallised as pale yellow needles, m. p. 259° (darkens from 240°), from acetic acid (Found ; C, 
57-8; H, 5-0. CyH,,0O,N,5 requires C, 58-1; H, 52%) 

§-(4 : 56-Dimethoxynaphthyl)-a-phenylacrylonitrile.—-A warm solution of the foregoing alde 
hyde (2 g.) and benzyl cyanide (1-3 g.) in ethanol (40 c.c.) was shaken with 20% aqueous sodium 
hydroxide (5 c.c.), and then left at room temperature for 30 min. The yellow precipitate of 
acrylonitrile formed on dilution with water was collected, washed with water, and recrystallised 
from ethanol—benzene, giving lemon-yellow needles (1-5 g.), m. p. 176°; this compound is 
thermochromic, becoming orange when heated and reverting to pale yellow on cooling (Found : 
C, 79-8; H, 5-5. C,,H,,O,N requires C, 80-0; H, 5-4%) 

8-(4 : 5-Dihydroxynaphthyl)-a-phenylacrylonitrile (1),The foregoing acrylonitrile (1 g.) and 
pyridine hydrochloride (6 g.) were refluxed for 10 min. and, after cooling, water was added, The 
orange product precipitated was collected, washed with water, and recrystallised from acetic 
acid, giving yellow needles (0-6 g.), m. p. 212° (darkens from 190°), dissolving in aqueous sodium 
hydroxide to an orange-yellow solution (Found C, 77-2; H, 47; O, 13-1; N, 46 
C,,H,,0,N,0-5H,0 requires C, 77-0; H, 47; O, 13-56; N, 47%) 

8-(4 : 5-Dimethoxynaphthyl)-a-p-chlovophenylacrylonitnile.-Prepared from 4: 5-dimethoxy- 
l-naphthaldehyde (1 g.) and 4-chlorobenzyl cyanide (0-8 g.), this mitrile formed pale yellow 
needles, m. p. 195°, from ethanol-benzene (Found: C, 71-8; H, 45. C,y,H,,O,NCI requires 
C, 72-1; H, 46%), giving a brown-red halochromy in sulphuric acid. 

a-p-Bromophenyl-8-(4 : 5-dimethoxynaphthyljacrylonitrile, similarly obtained from 4-bromo- 
benzyl cyanide (1 g.), formed yellow needles, m. p. 193°, from ethanol-benzene (Found: C, 


* Robinson and Weygand, /., 1941, 386. 


2414 | : 8-Dihydroxynaphthalene. 


63-7; H, 40. C,y,H,O,NBr requires C, 64-0; H, 41%). These two nitriles also gave alkali- 
wluble demethylation products on treatment with pyridine hydrochloride, 

1: 5-LDimethoxy-\-methylnaphthalene.—A solution of 4: 5-dimethoxy-l-naphthaldehyde (17 
g.) and 95%, hydrazine hydrate (7 g.) in diethylene glycol (100 c.c.) was heated for a few minutes 
for formation of the hydrazone; potassium hydroxide (7 g.) was then added, and the mixture 
refluxed for 30 min, with removal of water. After cooling, water was added, the product taken 
up in benzene, the benzene solution washed with dilute hydrochloric acid, then with water, and 
dried (CaCl,), the solvent removed, and the residue fractionated in vacuo, 4: 5-Dimethoxy-1- 
methylnaphthalene (10 g.), b. p. 172--173°/12 mm., formed leaflets, m. p. 65°, from ethanol 
(Found: C, 77-2; H, 71. Cy,H,,O, requires C, 77-2; H, 6-0%,), and gave a picrate, brown-red 
needles, m. p. 169° (darkens from 156°), from ethanol (Found; N, 99. C,,H,,O,N, requires 
N, 97%) 

4: b- Dihydroxy-\-methylnaphthalene._-The foregoing methyl ether (1-5 g.) was refluxed with 
pyridine hydrochloride (9 g.) for 15 min.; after cooling, water was added, the product taken up 
in ether, washed with water, and dried (Na,SO,), the solvent removed, and the residue recrystal- 
lised twice from benzene, 4: 5-Dihydroxy-\-methylnaphthalene (0-8 g.) formed needles, m. p. 
134° (Found; C, 75-6; H, 5&4, C,,H,O, requires C, 75-9; H, 5-7%). 

1-Acetyl-4 : b-dimethoxynaphthalene.-To an ice-cooled suspension of 1: 8-dimethoxy- 
naphthalene (9 g.) in dry nitrobenzene (100 c.c.) containing acetyl chloride (4-2 g.), aluminium 
chloride (7-2 g.) was added in small portions with stirring, and the mixture kept overnight at 
room temperature. After addition of water, the nitrobenzene was steam-distilled, the reaction 
product taken up in benzene, washed first with dilute aqueous sodium hydroxide, then with 
water, and dried (CaCl,), the solvent removed, and the residue fractionated im vacuo, The 
hetone (6 g.), b. p, 232--233°/15 mm., formed yellowish needles, m. p. 129°, from ethanol and 
gave a red colour in sulphuric acid (Found; C, 729; H, 60. CHO, requires C, 73-0; 
H, 61%) 

1-Ethyl-4 : 5-dimethoxynaphthalene.—-Prepared by Wolff-Kishner reduction of the foregoing 
ketone (4-5 g.), this ether, b. p. 187-—-188°/12 mm., formed needles (1-5 g.), m. p. 76°, from ethanol 
(Found: ©, 77-6; H, 7-6. CyH,gO, requires C, 77-8; H, 7-4%); its picrate crystallised in 
brown-violet needles, m. p. 147°, from ethanol (Found: N, 92. Cy gH,O,N, requires N, 
94%). Demethylation of this ether (1-3 g.) with pyridine hydrochloride (8 g.), as above, gave a 
poor yield of L-ethyl-4: 6-dihydroxynaphthalene, crystallising as prisms, m. p. 84°, from cyclo- 
hexane (Found: C, 763; H, 61. C,,H,,O, requires C, 76-6; H, 6-4%). 

2-(4: 5- Dimethoxy-\l-naphthyl)cinchoninic acid (11),—(a) Pfitzinger reaction, A solution of 
l-acetyl-4 : 5-dimethoxynaphthalene (1-5 g.), isatin (1 g.), and potassium hydroxide (1-1 g.) in 
ethanol (30 ¢.c.) was refluxed for 48 hr.; water was then added, the neutral impurities were 
removed in ether, and the filtrate was acidified with acetic acid, The precipitated acid crystal- 
lised as yellow needles, m. p. 274° (darken from 256°), from ethanol (Found: C, 73-5; H, 4:5 
CyH,,O,N requires C, 73-6; H, 47%). 

(b) Doebner reaction, A solution of 4; 5-dimethoxy-l-naphthaldehyde (1 g.), aniline (0-5 g.), 
and pyruvic acid (0-45 g,) in ethanol (25 c.c,) was refluxed for 5hr. The precipitate obtained on 
cooling was recrystallised twice from ethanol, giving yellow needles, m. p. 273-—-274° alone or 
mixed with a sample prepared by method (a), 

4: 56-Dimethoxy-8-methyl-1-naphthaldehyde.—A mixture of 4: 5-dimethoxy-l-methylnaphth- 
alene (7-8 g.), dimethylformamide (3-7 g.), phosphorus oxychloride (6-8 g.), and dry toluene 
(8 c.c.) was heated for 5 hr. on a water bath, and the mixture worked up in the usual way. The 
aldehyde, b. p. 226—-227°/12 mm., formed yellowish prisms (7-6 g.), m. p. 137°, from ethanol, 
giving a brown-red colour in sulphuric acid (Found: C, 73-1; H, 61. C,,HO, requires C, 
74-0; H, 61%). The thiosemicarbazone formed pale yellow prisms, m. p. 257° (darken from 
ca, 226°), from acetic acid (Found: C, 591; H, 6-5. C,,H,,O,N,5 requires C, 59-4; H, 56%) 
This aldehyde gave no substantial amount of condensation product when treated with benzyl 
cyanide in the presence of aqueous sodium hydroxide. 

1: 8 Dimethoxy-4 : 5-dimethylnaphthalene.-Reduction of the foregoing aldehyde (6 g.) with 
hydrazine hydrate (2-5 g.) and potassium hydroxide (2-5 g.) in diethylene glycol (50 ¢.c.) in the 
usual way gave a product (3-3 g.), b. p. 188—190°/12 mm., needles, m, p. 78° (from ethanol or 
light petroleum) (Found: C, 77-0; H, 7:6. CygH yO, requires C, 77-8; H, 74%), giving a 
picrate, brown-violet needles, m, p. 181° (from ethanol) 

4'-Hydroxy-4-methyl-7 ; 8-benzocoumarin (III; R 
dihydroxynaphthalene (4 g.) and ethyl acetoacetate (10 g.) in ethanol (50 c.c,) was saturated 
with hydrogen chloride, and the mixture left overnight. The coumarin precipitated on dilution 


H).—-A water-cooled solution of 1: 8 
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with water was washed with ethanol and recrystallised from benzene, giving yellowish, 
sublimable needles (3 g.), m. p. 224° (Found: C, 74:2; H, 4:5. C,H yO, requires C, 74:3; H, 
44%). 

4'-Methoxy-4-methyl-7 : 8-benzocoumarin (IIL; RB Me), similarly prepared from 8-methoxy- 
l-naphthol (3 g.) and ethyl acetoacetate (7-5 g.), formed sublimable needles, m. p. 205°, from 
acetic acid (Found: C, 74-9; H, 53. C,sH,,O, requires C, 75-0; H, 5-0%); demethylation as 
above gave 4’-hydroxy-4-methyl-7 : 8-benzocoumarin, m. p. 224°, 

4’-Hydroxy-3 : 4-cyclopenteno-7 : 8-benzocoumarin (1V).—A water-cooled solution of 1: 8-di- 
hydroxynaphthalene (1 g.) and ethyl 2-oxocyclopentanecarboxylate (1-2 g.) in ethanol (10 ¢.c.) 
was saturated with hydrogen chloride, and the mixture left overnight. The precipitate obtained 
on dilution with ethanol formed needles (1 g.), m. p. 213°, from acetic acid (Found; C, 75-9; H, 
5-0. C,,H,,0, requires C, 76-2; H, 48%). 4’-Hydroxy-3 : 4-cyclohexeno-7 : 8-benzocoumarin, 
similarly prepared from ethyl 2-oxocyclohexanecarboxylate (1:3 g.), formed yellowish prisms, 
m. p. 193°, from benzene (Found : C, 76-5; H, 6:5. C,,H yO, requires C, 76-7; H, 53%), 


The authors thank Dr. Siegfried Petersen (Wissenschaftl. Hauptlaboratorium, Leverkusen 
Bayerwerk) for the generous supply of 1: 8-dihydroxynaphthalene, and Professors H. Moreu 
and P. Chovin (Laboratoire Municipal, Paris) for some microanalyses 
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467. (ibberellic Acid. Part I11.* Synthesis of 
Fluorenone-4 : 5-dicarboxylic Acid, 
By T. P. C. MULHOLLAND and G, Warp. 


4: 5-Dimethylfluorene, 4: 5-dimethylfluorenone, and fluorenone-4 : 5-di- 
carboxylic acid have been synthesised. 


OXIDATION of gibberene (1: 7-dimethylfluorene), the dehydrogenation product of 
gibberellic acid, was shown by Mulholland and Ward ! to give fluorengne-1 ; 7-dicarboxylic 
acid. Yabuta et al.* had suggested that an acid obtained from gibberene might be fluoren 
one-4 : 5-dicarboxylic acid, which we therefore prepared for comparison, 

Kruber * obtained fluorenone-4 : 5-dicarboxylic acid by degradation of 4: 5-methylene 
phenanthrene, isolated from the anthracene-oil fraction of coal tar. The present synthesis 
envisaged the ring closure of 6: 6’-dimethyldiphenic anhydride *® ° to 4: 5-dimethylfluoren 
one, followed by oxidation. 

4: 5-Dimethylfluorenone was formed in this way, but a better yield (77%) was obtained 
by heating 6 : 6’-dimethyldiphenic acid, Oxidation of the fluorenone in aqueous pyridine 
with potassium permanganate gave 4-methylfluorenone-5-carboxylic acid together with 
a small amount of fluorenone-4: 5-dicarboxylic acid. Further oxidation of 4-methyl- 
fluorenone-5-carboxylic acid was difficult and fluorenone-4 : 5-dicarboxylic acid was only 
obtained in low yield. The melting points of the dicarboxylic acid and its anhydride 
correspond with those given by Kruber. The melting point of the dimethyl ester was 
depressed on admixture with methyl fluorenone-1| : 7-dicarboxylate, Wolff-Kishner 
reduction of 4: 5-dimethylfluorenone gave 4 : 5-dimethylfluorene 


EXPERIMENTAL 


M. p.s are corrected. The alumina used for chromatography was prepared as described by 
Mulholland and Ward.! 

4: 5-Dimethylfluorenone,—(a) 6: 6’-Dimethyldiphenic acid* (5-00 g.) was heated at 360° 
for 1 hr. under nitrogen, 4: 5-Dimethylfluorenone (3-08 g., 77%; m. p. 105--110°), obtained 

* Part Il, J., 1954, 4676 

' Mulholland and Ward, J,, 1954, 4676 

* Yabuta, Sumiki, Azabu, Tamura, Igarashi, and Tamari ric 1. Soe. Japan, 1940, 16, 975 

’ Kruber, Ber., 1934, 67, 1000 

* Bergmann and Pelchowicz, [. Amer. Chem. Soc., 1953 

* Cf. Huntress, Hershberg, and Cliff, ibid, 1031, 63, 2720 
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by extraction with benzene, recovery from the extract, and sublimation in vacuo, crystallised 
from benzene-light petroleum (b. p. 60—80°) in yellow needles and prisms (2-50 g.), m. p. 
117--119°, raised to 119--120° by further crystallisation (Found: C, 86-5; H, 6-0. C,,H,,0 
requires C, 865; H, 58%). The 2: 4-dinitrophenylhydrazone crystallised from benzene in 
orange-red needles, m. p. 252-—-253° (Found: C, 649; H, 455; N, 1465. C,,H,,O,N, 
requires C, 649; H, 415; N, 144%). The oxime, prepared in pyridine, crystallised from 
benzene-light petroleum (b. p. 60—-80°) in pale yellow needles, m. p. 218—219° (Found: 
C, 80-5; H, 58; N, 66. C,,H,,ON requires C, 80-7; H, 5-9; N, 63%). 

(6) 6: 6’-Dimethyldiphenic acid (1-00 g.) was heated under reflux with acetic anhydride 
for lL hr. The crude gummy anhydride recovered by evaporation was heated at 360° for 2 hr. 
under nitrogen, Carbon dioxide (0-98 mol.) was evolved and considerable charring took place. 
The neutral fraction of a benzene extract of the product was chromatographed in benzene 
(9 ml.) on alumina (56 x 0-8 cm.). Elution with benzene in ultraviolet light removed white 
bands and then a deep yellow band. On recovery, the last gave 4: 5-dimethylfluorenone 
(166 mg.), m. p. 105—110°, raised to 117—-119° (120 mg.) by recrystallisation. 

4: 5-Dimethylfluorene.-A mixture of 4: 5-dimethylfluorenone (2-54 g.), 100% hydrazine 
hydrate (3-60 ml.), and alcoholic sodium ethoxide, prepared from sodium (962 mg.) in ethanol 
(20 ml.), was heated at 185° for 5 hr. After dilution with water, the mixture was extracted 
with ether. The extract was washed with dilute sulphuric acid and with water, dried (CaCl,), 
and evaporated, The residue (2-12 g.) in ether—light petroleum (b. p. 40-—60°; 1: 50) was 
chromatographed on alumina (15 x 1-2 cm.), and the column was eluted in ultraviolet light 
with the same solvent. A blue fluorescent band was collected and on recovery gave 4: 5-di- 
methylfluorene (1-73 g.), m. p. 75-—79°, which crystallised from methanol in needles, m. p. 81—-82° 
(Found: C, 92-6; H, 7-4. C,,H,, requires C, 92-7; H, 7:3%). The 1: 3: 5-trinitrobenzene 
adduct crystallised from ethanol in yellow prisms, m. p. 114° (Found: C, 61-9; H, 42; N, 10-6. 
Cy pH yp CeHsO,N, requires C, 61-9; H, 4-2; N, 103%). 

Oxidation of 4: 6-Dimethylfluorenone.Potassium permanganate (2-50 g.) was added in 
portions during 80 min, to 4: 5-dimethylfluorenone (500 mg.) in pyridine (4-5 ml.) and water 
(2:3 ml.) at 100°, more water and pyridine being added at intervals. When the reagent was 
consumed (20 min.), the mixture was cooled, diluted, and filtered, the precipitate being washed 
with water and acetone, The combined filtrate and washings, after evaporation of the acetone 
and most of the pyridine, were acidified. The precipitate was collected, washed with water, 
and extracted with cold dilute potassium hydroxide solution. Starting material (78 mg.) 
remained undissolved. Acidification of the alkaline extract gave a yellow solid (290 mg.) 
which was digested with cold acetone until the undissolved portion did not melt below 240°. 
This (30 mg.) consisted of crude fluorenone-4 ; 5-dicarboxylic acid and was retained for turther 
purification, 

The acetone-soluble material crystallised from dilute acetone in needles (234 mg.), m. p. 
192--195°. Further crystallisation gave 4-methylfluorenone-5-carboxylic acid as yellow needles, 
m. p. 101-—-102° (Found ; C, 75-7; H, 4:3. Cy,H,,O, requires C, 75-6; H, 42%). The methyl 
ester crystallised from methanol in yellow prisms, m. p, 112—-113° (Found: C, 76:1; H, 4-9. 
Cygll gO, requires C, 76-2; H, 48%). 

A solution of crude 4-methylfluorenone-5-carboxylic acid (1-30 g.) in 3n-sodium carbonate 
(70 ml.) was stirred at 100° during the addition in 1 hr. of aqueous potassium permanganate 
(40 ml.; 5%). When the reagent was consumed, the mixture was cooled and filtered. The 
filtrate and water washings were acidified, giving a yellow precipitate (978 mg.), m. p. 195--220°, 
which was collected. This was separated with acetone as described above into crude fluorenone- 
4: 5-dicarboxylic acid (111 mg.; m. p, > 240°) and crude 4-methy!fluorenone-5-carboxylic acid 
The latter was reoxidised in the same way, and the acetone-soluble part from the second 
oxidation was oxidised again. The acetone-soluble part of the product from the third oxidation 
(216 mg.) crystallised from dilute acetone in needles of 4-methylfluorenone-5-carboxylic acid, 
m. p. 188—192°. The total yield of crude fluorenone-4 : 5-dicarboxylic acid was 205 mg. 

Crude fluorenone-4 : 5-dicarboxylic acid (380 mg.) was fractionally crystallised from acetic 
acid, giving fluorenone-4 : 5-dicarboxylic acid as yellow prisms (198 mg.), m. p. 284-—-286° 
(decomp. ; with sublimation, the decomp. point being lowered by powdering) (Found ; C, 66-5; 
H, 3-25. Cale. for C,,H,O,: C, 67-2; H, 30%). Kruber* gave the m. p. as 285° (decomp.) 
and obtained a low figure for carbon. Similar difficulties in analysis have been encountered 
with fluorenone-1 : 7-dicarboxylic acid.* 


* Mulholland and Ward, unpublished results 
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The anhydride, prepared as described by Kruber, crystallised from acetic anhydride in 
pale yellow needles, m. p. 258-——-259° (Found: C, 71-9; H, 2-5. Cale. for C,,H,O,: C, 72-0; 
H, 2.4%). Kruber gave the m. p. as 253°. The infrared absorption spectrum in a Nujol 
mull showed absorption in the carbonyl stretching region at 1767, 1733, and 1720 cm.'. 

The dimethyl ester crystallised from methanol in pale yellow needles, m. p. 189—190°, 
depressed on admixture with methyl fluorenone-1 : 7-dicarboxylate (m. p. 189—191°) (Found ; 
C, 68-75; H, 4:3; OMe, 20-5, C,,H,,O, requires C, 68-9; H, 4-1; 2 OMe, 21-0%). 


The authors are indebted to Dr. L. A. Duncanson for the infrared absorption spectrum, and 
to Messrs. H. D, Preston and T. J. Ashman for technical assistance in part of the work. 
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468. T'riterpenoids. Part LI.* The Isolation and Characterisation 
of Glabric Acid, a New Triterpenoid Acid from Liquorice Root. 


By J. M. Beaton and F. S. Sprine, 


A new triterpenoid acid, C,,H,,O,, which we name glabric acid, has been 
isolated from liquorice root. Glabric acid contains, in addition to a carboxyl 
group, two hydroxyl groups and an af-unsaturated ketone group, and is 
probably a hydroxy-18a-glycyrrhetic acid. 


THE glycyrrhetic acid used by us during a study of its stereochemistry ' was isolated from 
liquorice (Glycyrrhiza glabra) root following a method described by Ruzicka and 
Leuenberger.? The isolation of the acid and its acetate was tedious and several 
modifications of the method were made in an attempt to facilitate the purification. In 
one of these, crude glycyrrhetic acid was acetylated, the product esterified with diazo- 
methane, and the crude methyl ester acetate chromatographed on alumina. Many 
crystallisations of a number of fractions yielded pure methyl glycyrrhetate acetate, The 
more soluble material from these crystallisations was again chromatographed on alumina 
to give, in very small yield, a methyl ester diacetate, C,,H,,O,, from which the parent 
dihydroxy-acid, Cyg5H 4,0, which we name glabric acid, was obtained by alkaline hydrolysis. 
Glabric acid was further characterised by the preparation of its diacetate, Cy,HgO,, and its 
methyl ester, C,,H,,O,. The acid, its methyl ester, its diacetate, and the methyl ester 
diacetate all show the characteristic ultraviolet absorption of an a$-unsaturated ketone, 
and do not give a colour with tetranitromethane. Glabric acid consequently contains one 
carboxyl group, one carbonyl group, two hydroxy! groups, and one double bond; it follows 
from this and its molecular formula, CysH,,0,, that it is pentacyclic. 

Although the very small amount available has not permitted a detailed structural 
study, its close association with glycyrrhetic acid suggests that it is either a hydroxy- 
glycyrrhetic acid or a hydroxy-l8a-glycyrrhetic acid. We favour the latter relation for 
the following reasons. The ultraviolet absorption spectra of glycyrrhetic acid and its 
derivatives, on the one hand, and 18a-glycyrrhetic acid derivatives on the other, show small 
differences in the position of the principal maximum. In this respect, glabric acid 
resembles 18a-glycyrrhetic acid : 

Acid Methyl ester Acetate Methyl ester acetate 
Glycyrrhetic acid 2480 2480 2480 2480 
18a-Glycyrrhetic acid 2420 2430 2440 2430 
Glabric acid. 2420 2420 2420 2420 
Hydrolyses of methyl glycyrrhetate acetate, methyl 18«-glycyrrhetate acetate, and 
methyl glabrate diacetate by refluxing with 3°, methanolic potassium hydroxide for 
2 hr. gave 8, 83, and 44% of the parent acids respectively. The relatively small 


* Part L, /.. 1966, 2029. 


! Beaton and Spring, J, 1955, 3126 
* Ruzicka and Leuenberger, Helv. Chim. Acta, 1936, 19, 1402 
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hindrance to hydrolysis of the methoxycarbonyl group in methyl glabrate diacetate when 
compared with methyl glycyrrhetate acetate is support for the view that the former com- 
pound is derived from 18a-glycyrrhetic acid. The fact that methyl 18«-glycyrrhetate 
acetate is hydrolysed to the parent acid more easily than is methyl glabrate diacetate may 
be due to a close proximity of the methoxycarbony! and one of the acetate groups in the 
lattes 

Although glabric acid is very probably a derivative of 18«-glycyrrhetic acid, it may be 
an artefact derived from its 18$-isomer during the mineral-acid hydrolysis of the mixed 
saponins from liquorice. In this connection, we have isolated 18a-glycyrrhetic acid (as 
its methyl ester acetate) from liquorice root by chromatography of the more soluble 
fractions obtained after separation of methyl glycyrrhetate acetate, and in our opinion its 
presence is to be ascribed to epimerisation of glycyrrhetic acid during the acid hydrolysis of 
glycyrrhizic acid, 

As described in the Experimental section, $-sitosterol has also been isolated from 
liquorice root 


EXPERIMENTAL 


Specific rotations were measured in CHCl, (unless stated otherwise) at room temperature. 
Ultraviolet absorption spectra were measured in EtOH, Grade-II alumina and light petroleum 
of b. p, 60-—-80° were used for chromatography. 

Isolation of 18a-Glycyrrhetic Acid from Liquorice Root.—-The crushed root (13-5 kg.) was 
boiled for 5 hr. with water (75 1.), the mixture filtered, and the solid again extracted with boiling 
water (75 1.) for 5 hr, The combined aqueous filtrates were concentrated to 10 1, and the cold 
extract was treated with concentrated sulphuric acid (625 c.c.) to give crude glycyrrhizic acid 
(ca. 2:7 kg.) which was washed with water. The crude glycoside (900 g.) was treated with 
boiling 3%, sulphuric acid (4 1,) for 5 hr. The brown solid was collected, washed with water, 
dried in air at 80°, and powdered, The powder was extracted with boiling chloroform-ether 
(1: 1; 41), the extract evaporated, and the residue acetylated at 100° with pyridine and acetic 
anhydride for lhr, Cautious addition of water-methanol to the acetylated mixture precipitated 
a solid (filtrate A), many crystallisations of which from chloroform—methanol gave glycyrrheti 
acid acetate (15 g.) as plates, m. p, 310-—312°, [a], +-145° (c, 1-1), Aya, 2480 (e 11,200). The 
filtrate A was evaporated and a solution of the residue in chloroform (500 c.c.) treated with 
excess of diazomethane in ether, The crude methyl ester acetate was isolated in the usual way 
and purified by filtration of its solution in dry benzene through alumina, Removal of the 
benzene and many crystallisations of the residue from chloroform—methanol gave methyl 
glycyrrhetate acetate (1 g.) as plates, m,. p, and mixed m. p. 299-—-301°, The combined 
chloroform-methanol mother-liquors from these crystallisations were evaporated and the 
residue (70 g.) in light petroleum-—benzene (1:1; 2 1) chromatographed on alumina (2 kg.) 
After the removal of fractions eluted with light petroleum~—benzene mixtures and benzene, 
ether eluted fractions (total 9-6 g.) which crystallised from chloroform—methanol, Many 
recrystallisations from the same solvent yielded methyl 18a-glycyrrhetate acetate (460 mg.) as 
plates, identified by m. p, (254-—-256°) and mixed m. p. (254-—256”), specific rotation {[{a},, -+-87° 
(c, 2-1)}, and ultraviolet absorption spectrum (A,,,, 2430 A,e 11,600) (Found: C, 75-2; H, 97; 
OMe, 5-9. Calc. for CygHy,OyvOMe; C, 75-2; H, 9-6; OMe, 6-0%). 

8-Sitosterol from Liquorice Root.—-The crushed root (1150 g.) was extracted with boiling 
methanol (2 « 31), and the filtered extract evaporated to a gum (250 g.). This was saponified 
by refluxing for 4 hr. with 5% aqueous-methanolic potassium hydroxide. The non-saponifiable 
fraction (6-5 g.) was isolated in the usual manner and acetylated at room temperature with 
acetic anhydride and pyridine for 3 days. A solution of the dry acetylated product (7-0 g.) in 
light petroleum (500 c.c.) was chromatographed on alumina (200 g.). Benzene-light petroleum 
mixtures eluted crystalline fractions (770 mg.), recrystallisation of which from chloroform 
methanol gave #-sitosteryl acetate (240 mg.) as plates, m. p. and mixed m. p. 126—128°, [a], 

39° (c, 1-1) Elution of the column with ether—methanol gave crystalline fractions (810 mg.) 
which yielded @-sitosterol (210 mg.) as blades (from chloroform—methanol), m. p. and mixed m, p 
130-—141°, {a}, —37° (¢, 1-3) 

Methyl Glabrate Diacetate.--Crude glycyrrhizic acid (900 g.) obtained as described above was 
kept at 100° with concentrated hydrochloric acid (1 1.) for 2 hr, After cooling, the solid was 
collected, washed with water, and dried, Acetylation of this solid with pyridine (200 c.c.) and 
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acetic anhydride (100 c.c.) gave an acetate mixture which was esterified by treatment in chloro- 
form with an excess of diazomethane. The crude acetate methyl! ester mixture (140 g.) in 
benzene (1-5 1.) was chromatographed on alumina (2-5 kg.). Elution with benzene (9 x 1 1) 
gave fractions (86 g.) which crystallised from chloroform—methanol, The crystalline crops from 
each fraction were collected, combined, and recrystallised from chloroform-—methanol, to give 
methy! glycyrrhetate acetate (16-2 g.) as plates, m. p. 300-—301°, [a], +-147° (¢, 13), Agay 
2480 A (c 11,200). The combined chloroform—methanol mother-liquors from these crystallis 
ations were evaporated and the residue (66 g.) in light petroleum (3 1.) was chromatographed 
on alumina (1-5 kg.). After elution with light petroleum (11 1.), and light petroleum—benzene 
mixtures (42 1.), benzene (10 1.) eluted a fraction (10-2 g.) which was repeatedly crystallised from 
chloroform—methanol, to give methyl glabrate diacetate (250 mg.) as plates m. p, 319-—323°, 
&) py +-42-5°, 4+-43° (c, 2-3; 1-7), Anas 2420 A (ec 12,300) (Found : C, 71-7, 71-7; H, 01,90; OMe, 
5:7. CygHgyOe*OMe requires C, 71-9; H, 9-0; OMe, 53%). The ester does not give a colour 
with tetranitromethane in chloroform. Continued crystallisation of the methyl ester diacetate 
did not change the m. p. or {a},. Continued elution of the column with benzene and with ether 
gave crystalline fractions (14 g.), many recrystallisations of which failed to give a homogeneous 
product 

Methyl Glabrate A solution of methyl glabrate diacetate (103 mg.) in 3°% methanolic 
potassium hydroxide (50 c.c.) was refluxed for 2 hi he solution was cooled, diluted with 
water, and separated into acid (40 mg.) and neutral (52 mg.) fractions. The latter crystallised 
from acetone-—light petroleum, to give methyl glabrate as needles, m. p. 277-280", [a),, +16 
(¢, 1-3), Amex. 2420 A (e 12,600) (Found : C, 73-0; H, 97 Cy, HygO, requires C, 74-4; H, 97%) 
Treatment of methyl glabrate with acetic anhydride and pyridine at 90° for 30 min. regenerated 
methyl glabrate diacetate, m. p. and mixed m. p. 315-320 

Glabric Acid.—The acid fraction (above) was crystallised from methanol and then from 
acetone-light petroleum, to yield glabric acid, m. p. 320--333°, [a|,, — 26° (c, 1-0 in pyridine), 
Amax, 2420 A (e 11,000) (Found: C, 73-8; H, 9-6. C,,Hy.O, requires C, 74-0; H, 05%). 
Glabric acid diacetate was prepared from glabric acid by treatment with acetic anhydride and 
pyridine at 90° for 30 min. The acid diacetate separates from aqueous methanol as plates, m, p 
308—-309° (decomp.), [a]p +-38° (c, 0-9), Ana, 2420 A (ce 12,800) (Found: C, 71-6; H, 8&7 
Cy,H,,0, requires C, 71:55; H, 88%). 


We thank the Carnegie Trust for the Universities of Scotland for the award of a Scholarship, 
and Dr. A. C. Syme and Mr. Wm. McCorkindale for the analyses 
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469. T'riterpenoids. Part L1I1.* The Constitution and 
Stereochemistry of Friedelin and Cerin. 
By GEORGE BROowNLIEF, F. S. SprinG, Ropert STEVENSON, and W. S. STRACHAN. 


The constitution and stereochemistry of friedelin, a saturated ketone isol 
ated from cork wax, have been determined. Dehydration of the related 
alcohol epifriedelanol gives an unsaturated hydrocarbon, friedel-3-ene, which 
is isomerised by mineral acid to 4 mixture of olean-13(18)-ene and 18a-olean- 
12-ene. This relation and other considerations lead to the formulation of 
friedelin as (X). Cerin is represented as 26-hydroxyfriedelin (XXXII) and 
has been converted into friedelin 


A DETAILED study of friedelin, isolated from cork wax, was first made by Drake and his 
collaborators }* in whose papers references to earlier work will be found. They showed }.2.4 
that friedelin (friedelanone) is a saturated pentacyclic ketone, CygH,gO, and that dehydro 
genation of the alcohol friedelanol, obtained by reduction of friedelin with sodium and 


* Part LI, preceding paper 
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pentyl aleohol,* gives a mixture from which | ; 8-dimethylpicene, | : 2 : 8-trimethyl- 
phenanthrene, |: 2:6: 6-tetramethylnaphthalene, and 1:2:7- and 1: 2: 5-trimethyl- 
naphthalene were isolated ; *® they concluded that friedelin is a perhydropolymethylpicene 
derivative. A study by Ruzicka and Jeger and their collaborators 7.* of some derivatives 
of friedelin showed that the carbonyl group is in a terminal ring and led them to the view 
that the cork ketone contains the fragment -CHyCHyCO-CH-CH:. 

Our approach to a further elucidation of the structure of friedelin was direct. We 
assumed a biogenetic relation between friedelin and either 6-amyrin (1) or a-amyrin (11), 
the parent alcohols of the oleanane and the ursane group of triterpenoids, members of 


(Hh) 


each of which give |: 8-dimethylpicene on dehydrogenation. Starting from this postulate, 
we inferred from the conversion of friedelanol into 1 : 2 : 8-trimethylphenanthrene * that 
the carbocyclic structure of friedelane differs from that of oleanane and of ursane in having 
methyl groups attached to both Cy) and Cy, as in (III) and ([V). To test the initial 
postulate, we prepared the unsaturated hydrocarbon friedelene. Reduction of friedelin 
with lithium aluminium hydride gives eftfriedelanol previously isolated from a lichen * '° 
and from Ceratopetalum apetalum D. Don ;'%" epifriedelanol has also been obtained by 
catalytic reduction of friedelin !! and it was probably prepared by Drake.4* We find that 
epifriedelanol and friedelanol are both obtained by reduction of friedelin with sodium and 
pentyl alcohol for a short time. Dehydration of epifriedelanol by phosphorus oxychloride 
and pyridine gives the required hydrocarbon friedelene, the homogeneity of which was 
established by standard methods; a similar dehydration of efifriedelanol has been des- 
cribed ® but the product was not characterised. 

Hydrogenation of friedelene gives the saturated friedelane, which is identical with the 
hydrocarbon obtained from friedelin, by either the Wolff-Kishner or the Clemmensen 
method,'* from which it follows that friedelene is formed from friedelin without a molecular 
rearrangement. The double bond in friedelene is trisubstituted since oxidation of the 


Ruzicka, Jeger, and Ringnes, Helv, Chim. Acta, 1944, 27, 972 
* Perold, Meyerhans, Jeger, and Ruzicka, ibid., 1949, 32, 1246 
* Bruun, Acta Chem. Scand., 1954, 8, 71 
Bruun and Jefferies, ibid., p. 1048 
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Lander and Svirbely, /. Amer. Chem. Soc., 1944, 66, 235. 

Bruun, Acta Chem. Scand., 1054, 8, 76 
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hydrocarbon with osmic acid gives a saturated glycol which forms a monoacetate only, and 
this is stable to chromic-acetic acid at room temperature. 

Drake and Campbell * prepared a friedelene by thermal decomposition of friedelanyl 
benzoate. We have repeated this preparation many times and, using carefully purified 
friedelanyl benzoate, we obtain a hydrocarbon, the physical properties (melting point, 
mixed melting point, specific rotation, and infrared absorption) of which are almost in 
distinguishable from those of the hydrocarbon obtained by dehydration of eftfriedelanol. 
The hydrocarbon obtained by pyrolysis of friedelany! benzoate is a mixture, the major 
component of which is identical with the friedelene obtained from epifriedelanol, since 
oxidation of the pyrolysis hydrocarbon with osmic acid and acetylation of the product 
yields the diol monoacetate described above together with a smaller amount of a diol 
diacetate presumably formed by oxidation of another component of the mixture, 

Treatment of friedelene, obtained from eptfriedelanol, with hydrochloric-acetic acid 
gives a product, repeated crystallisation of which yields a mixed crystal of olean-13(18)-ene 
(V) and 18a-olean-12-ene. This mixed crystal is identical with that obtained by the same 
mineral acid treatment of olean-12-ene and recently described and identified by Brownlie 
eéal..* The conversion of friedelene into olean-13(18)-ene, first described in a preliminary 
communication from this Laboratory,'® shows that friedelane is (I11) and not (IV) and it 
also discloses the principal features of the chemistry and stereochemistry of friedelin. 
The conversion of friedelene into olean-13(18)-ene by acid rearrangement proves that the 
carbonyl group in friedelin is in the terminal ring A and not in ring B&, and that the cation 
(V1), or its equivalent, participates in the rearrangement. A number of rearrangements 


(VIN) 


which closely resemble the friedelene —® olean-13(18)-ene transformation have recently 
been examined and in each it has been established that a cis-locking of rings D/# is essential ; }* 
for this reason we ascribe the $-configuration to the 18-hydrogen atom in (VI), The sub- 
sequent behaviour of the cation (V1) follows the now familiar pattern of similar back-bone 
rearrangements,!* the axial groups or atoms attached to Cy), Cy), Cag, and Cag) migrating 
“4 Brownlie, Fayez, Spring, Stevenson, and Strachan, /., 1956, 1377 
15 Brownlie, Spring, Stevenson, and Strachan, Chem. and Ind., 1956, 686 


'* Allan, Spring, Stevenson, and Strachan, /., 1955, 3471; Vayez, Grigor, Spring, and Stevenson, /., 
1955, 3378; Allan, Payez, Spring, and Stevenson, /., 1956, 465 
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synchronously to Cry), Cy, Ca, and Cag respectively, each migrating group retaining its 
axial configuration. Loss of a proton from either Cy») or C;;g) gives olean-12- or -13(18)-ene, 
each of which is isomerised by mineral acid to the equilibrium mixture of olean-13(18)-ene 
(V) and 18«-olean-12-ene.™ 

The derivation of the structure and stereochemistry of the cationic intermediate (VI) 
shows that friedelene is either (VII) or (VIII). If friedelene is (VII), the cation (VI) 1s 
obtained by simple protonation of the double bond; and if the hydrocarbon is (VIII), the 
cation is developed by protonation of the double bond from the rear (a) side and synchronous 
movement of the axial 5-methyl group to C,,, and of the axial 10-hydrogen atom to C;,). 
The formula (VII) and (VIII) for friedelene correspond to the formula (IX) and (X) for 
friedelin. In our preliminary communication,!® we concluded that (1X) represents friedelin 
because we then believed that (X) would not accommodate some of the reactions described 
and partly formulated by Ruzicka and Jeger.”* However, contemporary studies on the 
ketone by Ourisson and Takahashi,” which were kindly communicated to us after the 
appearance of our preliminary note, showed that (IX) cannot represent friedelin. This 
emerged from their proof that friedonic acid, CygHs,O,, obtained by oxidation of friedelin 
with chromic acid,’.® 7 is, in contrast to a previous report,® a methyl ketone. This im- 
portant observation led us to reconsider (X) as the formula for friedelin, and this necessi- 
tated a revision of the partial formula proposed by Ruzicka and Jeger ** for some of the 
derivatives of friedelin; a summarising account of the new considerations has been pub 
lished.** 

Oxidation of friedelin (XI) gives friedelindicarboxylic acid, CygH,gO, (XII), the an 
hydride of which gives norfriedelanone, CygH,,O (XIII), on pyrolysis. Relatively mild 
oxidation of norfriedelanone with selenium dioxide gives an «$-unsaturated ketone, nor 
friedelenone, CogHygO (XIV), reduction of which regenerates the saturated norketone 
(XI11). Oxidation of norfriedelenone with selenium dioxide at 170-—-180° yields an un 


| | 
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saturated «-diketone, norfriedelenedione, CygH,,O, (XV), and this is also obtained by the 
same treatment of norfriedelanone (XII1). Hydrogen peroxide converts norfriedelenedione 
into an unsaturated dicarboxylic acid anhydride (XVI); comparison of the ultraviolet 
absorption spectra of the anhydride (XVI) and ketone (XV) confirms the relation implied 
by the partial formula. Oxidation of the unsaturated anhydride (XVI) with osmic acid 
gives a saturated glycol (XVII). Treatment of the glycol (XVII) with lead tetra-acetate 
or ozonisation of the unsaturated anhydride (XVI) gives a saturated tetracyclic ketone 
Cy,H,,O. In the partial formula (XI)—(XV) used by Ruzicka, Jeger, and Ringnes,’ the 
6’-carbon atom in (XI) is identified with the 6’-carbon atom in (XV) and therefore with the 
8’-carbon atom in (XVI). In our view, the conversion of the unsaturated anhydride into 
the saturated tetracyclic ketone shows that the partial formula (XVI) for the former 
compound must be expanded to (XVIa) and that the formation of the saturated ketone 


1? Ourisson and Takahashi, Chem. and Ind., 1955, 1155 
'* Brownlie, Spring, Stevenson, and Strachan, Chem. and Ind., 1055, 1156. 
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(XVIII) from (XVIa) and from the glycol (XVIla) is to be represented as illustrated. 
rhe carbonyl-carbon atom in the tetracyclic ketone (XVIII) is derived from the §’-carbon 


atom in friedelin (XI) and consequently this atom carries only one hydrogen atom. If 


‘ A i] 
HC. a 
"2 | 

al 

0 


(XVII) 


(XVia) 


(XVila) 


the partial formula for friedelin (XI) and for the enedione (XV) are correct relatively to 
each other, the former must be expanded to (XIX). Since this fragment is not present in 
(X), either the latter does not correctly represent the constitution of friedelin or the partial 
formula (X1) and (XV) do not correctly represent the relation between friedelin and the 
enedione. A decision in favour of the latter alternative was made as described below. 
The methods by which the saturated tetracyclic ketone C,,H,,O is obtained from friedel- 
in establish that it is a substituted perhydrochrysene derived from rings B, C, D, and E of 
friedelin, and that its carbonyl group marks one of the A/B ring junctions in friedelin, 


H 


ON 


(XX11) 


(XX) (XXIV) (XXV) 
rhe exact molecular formula of the tetracyclic ketone (C,,H4O) was established by Ruzicka 
and Jeger and their collaborators ® by analysis of the tribromoacetate of the derived alcohol. 
Now, the structure and stereochemistry of rings B, C, D, and & in friedelin (apart from the 
nature of the substituent at C;) follow from those of the cation (VI) and consequently 
only two formula, (XX) and (X.X1J), are to be considered for the tetracyclic ketone. Ouris- 
on and Takahashi '? have shown that the carbonyl! group in the ketone Cy,H yO has only 
one a-hydrogen atom. Together with the considerations discussed above, this important 
observation proves that the tetracyclic ketone is (XXI), The unsaturated dicarboxylic 
anhydride is consequently either (XXII) CygH yO, or (XXIII) C,,H,,O,. Although most 
of the analytical data given by Ruzicka and Jeger and their collaborators 7* for the an 
hydride and its derivatives are in excellent agreement with either of these molecular 
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formule, the equivalent weight of the anhydride (Found: 2141. C,,H,,O, requires 220-3. 
CogH yO, requires 213-3) and the elemental analysis of the derived glycol (XVIla) favour 
the molecular formula Cy,HwO,. At a conservative evaluation, these data do not exclude 
the lower molecular formula (XXII) for the anhydride, and in our view this formula is 
more acceptable than (XXIII). To test the accuracy of the formula (XXII), Dr. Ourisson 
kindly unclertook a determination of its molecular weight by the crystallographic method 
and this has unequivocally confirmed the formula C,,H,,O,. We understand that this 
crystallographic examination will be described by Dr. Ourisson and Mile. Sternberg. 
 Norfriedelenedione "’ is therefore identified as bisnorfriedelenedione (XXIV) and its 
formation from norfriedelanone (XXV) involves the extrusion of the 4-methyl group. 


(XXVI) (XXXVI) (XXVIII) 


Oxidation of bisnorfriedelenedione with alkaline hydrogen peroxide yields a #y-unsaturated 
acid ® which may be represented by either (XXVI) or (XXVII). Bromination of nor- 
friedelenone and treatment of the product with alkali yields a norfriedelenedione which 
gives a colour with ferric chloride and forms an enol-acetate; we represent this norfriedel- 
enedione as (XXVIII). The complex reactions of friedelin, including its conversion into 
olean-13(18)-ene, are thus adequately accommodated by the steric formula (X). 

We next consider the configuration at Cy) in friedelin, the only centre of asymmetry 
not defined by the friedelene — olean-13(18)-ene rearrangement. Since friedelin is re 
covered unchanged after treatment with either alkali or acid the orientation of the 4-methy] 
group is the more stable of the two possible arrangements. Now friedelanol and epi 
friedelanol are Cy-epimers since each is reoxidised to friedelin (X) by chromic acid ; friedel 
anol is the equatorial (a-)aleohol (XXIX; R = H) because it is formed from friedelin when 
equilibrating conditions are used and it is also formed when eprfriedelanol is heated with 


A ‘ ~¥ 
HW ‘a \ ; 4 so \ 


HIS 


ALIS 
pi “fe = ‘ Ci : Se) 
(X) 


(XXX) (XXXII) 


(XXX) 


sodium pentyloxide in air. The axial (6-)aleohol, eptfriedelanol (XXX), is readily de- 
hydrated under ionic conditions to give friedel-3-ene (XXX1) in high yield, from which 
we conclude that this 3 : 4-ionic elimination is trans-diaxial, 1.¢., that the 4-methyl group 
is 6-orientated. This decision is supported by the fermation of friedel-3-ene (cts-elimin- 
ation) by pyrolysis of friedelanyl benzoate (XXIX; R = Bz). 

Kriedelin contains an unhindered ketone group in that it reacts with the usual carbony! 
reagents and is reduced to friedelane by the Clemmensen and Wolff—Kishner methods under 
normal (non-forcing) conditions. It is somewhat surprising, therefore, to find that reduc- 
tion of friedelin with lithium aluminium hydride gives the axial alcohol epifriedelanol in 
high yield. We suggest that this is due to the directive effect of the 56-axial methyl group 
which shields the carbonyl group from frontal attack. The terminal position of the carbony! 
group, however, renders it fully exposed to attack from the rear; for this reason, we re- 
present the product obtained by oxidation of friedel-3-ene (XXX1) with osmic acid as the 
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3a: 42-diol. This behaviour of friedelin is comparable with that of cholestan-4-one ” and 
in both cases it is to be attributed to the presence of an axial methyl group bearing a | : 3- 
relation to the carbonyl group. Another example of the directive effect exerted by the 
5-axial methyl group is the hydrogenation of friedel-3-ene which gives friedelane in high 
yield. 

The constitution of cerin, which occurs together with friedelin in cork wax, follows 
from that of friedelin (X). Cerin is a saturated «-hydroxy-ketone since on oxidation with 
chromic acid it gives a saturated a-diketone and friedelindicarboxylic acid CygH,gO, (XI1).” 
The infrared and the ultraviolet absorption spectrum of cerin show that the a-hydroxyl 
group is equatorial.’? Cerin is therefore either 26-hydroxyfriedelan-3-one (XXXII) 


(XXXII) (XXMUE (XXXIV) 


(26-hydroxyfriedelin) or 3a-hydroxyfriedelan-2-one. We find that treatment of cerin 
acetate with zinc dust in acetic acid * gives friedelin from which we conclude that cerin 
is (XXXII). 

The elucidation of the structure of friedelin and its conversion into olean-13(18)-ene 
support the initial postulate that @-amyrin (I) and friedelin (X) are genetically related. 
Taraxerol (XX XIII) #* is considered to be an intermediate in the biogenetic degeneration 
of 6-amyrin and we forecast that naturally occurring pentacyclic triterpenoids will be dis 
covered, such as the euphol type (XXXIV), which will represent subsequent stages in the 
degeneration of taraxerol to friedelin, 

A recent preliminary report of studies on friedelin by Corey and Ursprung ™ also des- 
cribes the conversion of friedelin into olean-13(18)-ene. In agreement with Ourisson and 
fakahashi, the American authors conclude that the saturated tetracyclic ketone Cy,H yO 
has only one replaceable a-hydrogen atom and they ascribe to this ketone the formula 
(X XI) deduced in the present paper and they also represent friedelin by (X). The latter 
formula has also been discussed in a recent paper by Dutler, Jeger, and Ruzicka.™ 


EXPERIMENTAI 


Rotations were measured in CHCl, and ultraviolet absorption spectra in EtOH solutions, 
Grade I! alumina and light petroleum, b. p. 60-80’, were used for chromatography. 

Friedelin (Friedelan-3-one),--Cork (2 lb., 16-32 mesh) was extracted with boiling ethyl 
acetate (12 1.) for 4 hr. or with boiling benzene (121.) for 7 hr. The extracted matter was boiled 
with chloroform (800 c.c.), the mixture concentrated to 300 c.c., and, after cooling, the solid 
(4:3 g.) was collected. The filtrate was evaporated, and a solution of the residue in benzene 
was chromatographed on alumina (12” x 1}”), Elution with benzene (21.), followed by crystal. 
lisation of the eluate (3-5 g.) from chloroform—acetone, gave friedelin as needles, m. p. 265-262", 
m. p. 264-—266° (vac.), {a}, —22°, ~21° (c 2-3, 1-1). Drake and Jacobsen ' give m. p. 266-261", 
a), —29°; Ruzicka, Jeger, and Ringnes’ give m. p. 264-266" (vac.), {a}, — 28°; and Bruun * 
* Jones, Lewis, Shoppee, and Summers, /., 1955, 2876 
# Cf. Kosenfeld and Gallagher, ]. Amer. Chem. Soc., 1955, 77, 4367 
*! Beaton, Spring, Stevenson, and Stewart, /., 1955, 2131 
** Corey and Ursprung, /. Amer, Chem. Soc., 1955, 77, 3667, 3668 
* Dutler, Jeger, and Ruzicka, Helv. Chim, Acta, 1955, 88, 1268. 


Brownlie, Spring, Stevenson, and Strachan : 


gives m. p, 262—~-263° (vac.), [a], —21°. Friedelin was recovered unchanged after treatment 
with hydrochloric-acetic acid (3: 10) at 100° for 24 hr. 

hviedelan-3-ol (epiFriedelanol) (KXX),-—-Lithium aluminium hydride (500 mg.) was added 
to a solution of friedelin (500 mg.) in ether (250 c.c.), and the mixture kept at 4° for 16 hr. 
Ihe product was isolated in the usual way and crystallised from chloroform or chloroform 
methanol, to give friedelan-36-ol as blades, m, p. 279-—-283°, m. p. 287—-288° (vac.), [a], + 22° 
(c 0-3) (Found; C, 83-9; H, 12-2. Calc, for C,,H,,0: C, 840; H, 12-2%). Bruun and 
Jefferies " give m. p, 272-275", 280--281° (vac.), [a], 4 20°. 

Treatment of friedelan-34-ol with acetic anhydride and pyridine at 100° for 1 hr. gave the 
acetate as plates (from chloroform—methanol), m. p, 288—290°, [a], + 34° (c 0-75). Bruun and 
Jefferies " give m, p. 282-—-285°, [a], 4+-35°. Hydrolysis of the acetate, by lithium aluminium 
hydride, gave friedelan-36-ol, m, p. 287—289° (vac.), [a], + 22° (¢ 0-3). 

Kriedelan-3G-ol (XXIX; RK H) (cf. Drake and Campbell *).--Sodium (3 g.) was added to 
a boiling solution of friedelin (1-19 g.) in n-pentyl alcohol (120 c.c.), and the mixture refluxed 
for 17 hr. The product was isolated in the usual way and its solution in benzene chromato 
graphed on alumina, Elution with benzene (650 c.c,) yielded gummy solids (450 mg.), Elution 
with benzene-ether (1: 1; 450 c.c.) gave fractions (610 mg.) which crystallised from chloroform 
methanol to give friedelan-36-ol as plates, m, p. 209-—-302°, [a], +18° (¢ 0-3). In another ex 
periment in which the reflux time was 45 min., chromatography yielded, successively ; friedelin, 
m. p. 255-~2568", {a|, —24° (c 1-5), eluted by benzene; friedelan-36-ol, m. p. 277-—-280° (no 
depression), |a), + 23° (c 0-6), eluted by benzene-ether (1:1); and friedelan-3a-ol, m. p. 300 
405° (no depression), [a], +17° (c 0-3), eluted by ether. Drake and Campbell* give m. p. 
301304” for friedelanol 

Vriedelan-3a-yl benzoate, prepared by treating the alcohol with pyridine and benzoy| 
chloride at 100° for 1 hr,, crystallised from chloroform—methanol as needles, m. p, 248—249°, 
a}, ~ 16°, —17° (¢ 1-4, 1-0), Drake and Campbell * give m, p, 250-251". 

lriedelan-3a-yl acetate, prepared in the usual way, crystallised from chloroform—methanol 
as plates, m. p. 316-—318°, {a}, —12° (c 1-0). Drake and Campbell* give m. p, 315—316° 
Hydrolysis by lithium aluminium hydride gave friedelan-3a-ol as plates, m. p. 303-—305°, 

a\, + 18° (ce 0-3) 

Oxidation of friedelan-3«-ol with chromic acid in benzene—acetic acid at 30-——40° gave friedelin 
as needles (from acetone-chloroform), m. p. 254——~260° (no depression), {a|,, — 20° (¢ 1-1). 

Conversion of Friedelan-38-ol into Friedelan-3a-ol.—A solution of epifriedelanol (200 mg.) in 
n-pentyl alcohol (30 c.c.) containing sodium n-pentyloxide (from | g. of sodium) was refluxed 
for 17 hr. The product (110 mg.; m. p. 205—300°) was crystallised from chloroform—methanol, 
to give friedelanol as plates, m, p. 298—300° (no depression). 

lriedel-3-ene (XX X1).—Phosphorus oxychloride (15 c.c.) was added dropwise to a solution 
of friedelan-36-ol (250 mg.) in pyridine (120 ¢.c,), and the mixture kept for 16 hr. at room temper 
ature, then heated on the steam-bath for 30 min,, cooled, and poured slowly on crushed ice, 
The product was isolated by extraction with light petroleum, and the dried extract filtered 
through alumina, Evaporation of the filtrate and crystallisation of the residue from chloro- 
form-methanol gave friedel-3-ene as blades, m. p. 250-——258°, m. p. 261—-264° (vac.), [a], +-53° 
(c 0-3), « 4600 at 2040 A (Found: C, 87-9; H, 12-5 CagH gg requires C, 87-7; H, 123%). It 
gives a pale yellow colour with tetranitromethane. 

Pyrolysis of Friedelan-3a-yl Benzoate (cf. Drake and Campbell *) Phe benzoate (250 mg.) 
was heated at 310° for 3 hr. in an atmosphere of nitrogen. A solution of the product in light 
petroleum was chromatographed on alumina. Light petroleum (30 c.c.) eluted a fraction 
(180 mg.) which crystallised from chloroform-methanol to give the hydrocarbon as blades, 
m. p. 266-—-258° (vac.), [a], + 53° (c 0-5). A mixture with friedel-3-ene had m. p. 258-—263° 
(vac.), Drake and Campbell * give m, p. 257—-258° for a hydrocarbon prepared by this method. 

Kriedelane.—A solution of friedel-3-ene (150 mg.) in cyclohexane (50 c.c.) and acetic acid 
(100 ¢.c.) was shaken with platinum (from 100 mg. of PtO,) for 6 hr. at 60° in hydrogen. The 
product was crystallised from chloroform—methanol, to yield friedelane as plates, m. p. 248-—250°, 
{a]p) + 22° (c¢ 0-9), which was undepressed in m. p. when mixed with a specimen, m. p. 248—250°, 
{a}, + 22° (c 0-6), prepared by Wolff-Kishner reduction of friedelin. Ruzicka, Jeger, and 
Ringnes ’ give m, p, 243-—244°, [a], + 42°; Huang-Minlon ™ gives m. p. 244—-245°, (a},, 4+-42-5°; 
and Bruun ™ gives m, p, 245— 246°, [a], + 21°. 

Friedelane-3«a ; 4a-diol,-Osmium tetroxide (370 mg.) in cyclohexane (20 c.c,) was added to 


* Huang Minion, J Amer. Chem, Soc., 1949, 71, 3301, 
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a solution of friedel-3-ene (500 mg.) in cyclohexane (200 c.c.) and the mixture set aside at room 
temperature for 14 days. Lithium aluminium hydride in ether was then added and the mixture 
kept overnight. Crystallisation of the product from methanol gave friedelane-3a : 4da-diol as 
plates, m. p. 243-—245°, [a], +7° (c 0-8) (Found: C, 80-9; H, 11-7, Cy H,,O, requires C, 81-0; 
H, 11-8%). It does not give a colour with tetranitromethane in chloroform. 

3a-A cetoxyfriedelan-4a-ol.—(a) Acetic anhydride (5 c¢.c.) was added to a solution of friedelane- 
3a : 4a-diol (250 mg.) in pyridine (10 c.c.) and the mixture heated at 100° for 24 hr. or set aside 
overnight at room temperature, The product, isolated in the usual way and crystallised from 
chloroform—methanol, gave 3a-acetoxyfriedelan-4a-ol as needles, m. p. 2562—2654°, [a),, 4+-2°, +-2° 
(c 2-0, 3-0) (Found: C, 78-9; H, 11-3. C,y,H,,O, requires C, 79-0; H, 11-2%). It does not 
give a colour with tetranitromethane in chloroform. Infrared bands (in Nujol) at 1735, 1246, 
1026, and 952 (acetate) and 3600 cm.~! (hydroxyl); we thank Dr. G. Eglinton for these data, 
Chromium trioxide (16-5 mg.) in acetic acid (21 ¢.c.) was added to 3a-acetoxyfriedelan-4a-ol 
(120 mg.) in acetic acid (50 c.c.). The mixture was kept overnight at room temperature, and 
worked up in the usual way, to give unchanged diol monoacetate as needles (114 mg.), m. p. 
and mixed m. p, 252—-264°, [a], +2° (c 2-0). Hydrolysis of the diol monoacetate with 3% 
methanolic potassium hydroxide yielded the diol, m. p. and mixed m, p, 243—-245”, [a},, +-7° 
(c 1-0). 

(6) The hydrocarbon (500 mg.) obtained by pyrolysis of friedelanyl benzoate was treated 
with osmium tetroxide, as described above. A solution of the acetylated product in light 
petroleum was chromatographed on alumina, Elution with light petroleum~benzene (4; 1) 
yielded 3a-acetoxyfriedelan-4a-ol (250 mg.) as plates, m. p. and mixed m. p. 252254 Elution 
with light petroleum—benzene (1: 1) yielded a diacetate (80 mg.) as needles (from chloroform 
methanol), m. p. 262—264”", {a),, —40° (¢ 1-3) (Found: C, 77-0; H, 10-7, Cy,H,.O, requires 
C, 77:2; H, 107%) 

Conversion of Friedel-3-ene into Olean-13(18)-ene and 18a-Olean-12-ene.-A solution of 
friedel-3-ene (350 mg.) in acetic acid (450 c.c.) and concentrated hydrochloric acid (100 ¢.c.) was 
refluxed for 18 hr. A solution of the product in light petroleum was filtered through alumina ; 
the eluate (290 mg.) crystallised from chloroform-methanol as blades, m. p. 184-—-185°, [a!, 

9-5° (c 0-8), which after four recrystallisations from the same solvent gave the mixed crystal 
of olean-13(18)-ene and 18a-olean-12-ene as blades, m. p. 186—-187°, [a],, ~ 20° (¢ 1-0); further 
recrystallisation did not alter the m, p. or specific rotation. Mixtures with specimens obtained 
by mineral acid isomerisation of olean-12-ene, olean-13(18)-ene, 18a-olean-12-ene, and olean-18- 
ene had the same m, p. 

Friedelin from Cerin Acetate.--A solution of cerin acetate (176 mg.; m. p. 262-263", {a}, 

36°) in acetic acid (100 c.c,) was refluxed with zinc dust (17-6 g.) for 24hr. The product was 
isolated by extraction with ether—benzene, and its solution in light petroleum was chromato 
graphed on alumina (4” x 4”). After elution with light petroleum (200 c.c.) and light petroleum 
benzene (4:1, 50 c.c.), further washing with this mixture (50 c.c.) eluted crystals (90 mg.), 
recrystallisation of which from chloroform-—methanol yielded friedelin as needles (77 mg.), 
m. p. 255—260°, m. p. and mixed m, p. 262—265° (vac.), [a),, ~— 23° (e 2-15) 


We thank the Colonial Products Council for a Maintenance Award (to G. B.) 
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470. The Conductivity of Solutions in which the Solvent Molecule is 
“ Large.” Part I1.* Solutions of Tetrapentylammonium Picrate in 
some Phthalate Eaters, 


By C. M, Frencn and N, SIncer. 


The conductances of tetra-n-pentylammonium picrate in dibutyl, dipenty], 
dioctyl, and dinony! phthalate have been measured at 25°, 35°, and 45° over 
the concentration range 0-099-—-54-13 x 10 mole |."}. 

A tendency towards the formation of minima in some of the conductance 
curves is observed, The general shape of the curves is that expected from 
modern theories of conductance in media of fairly low dielectric constant. 

Variations in the value of the Walden product 4,7, with solvent and tem- 
perature can be explained on the theory of solvent~solvent and solvent-ion 
interaction as for the corresponding tetraethylammonium salts in the same 
series of solvents, 


Measurements of electrical conductance in solvents having large molecules have been 
carried out by Battacharyya and Nakhate ! and by Fuoss and Elliott.2 The latter authors 
found that for solutions of tetrabutylammonium picrate in tritolyl phosphate the Walden 
product dg, was about 40% greater than the expected value. The explanation offered 
for this result did not, however, account for the high Walden product obtained in solutions 
in certain smaller solvents such as aniline * and pyridine.*.® The present authors,® investi- 
gating the conductance of tetraethylammonium picrate in a series of phthalic esters, put 
forward an alternative hypothesis on the bases of solvent-solvent and solvent—ion inter- 
action. In order to test this hypothesis further, to extend the range of data on conductance 
of solutions in solvents having large molecules, and to examine also the effect of the size 
of the solute ion, the conductance of solutions of tetrapentylammonium picrate in a series 
of dialkyl phthalates was also measured 


EXPERIMENTAL 


Solvents were purified by the methods and conductance measurements made by means of 
the apparatus described earlier.* 

Tetra-n-pentylammonium picrate was prepared as follows ; Tri-n-pentylamine and n-pentyl 
iodide were refluxed for 100 hr. in toluene, the hydrocarbon was then distilled off, and the residual 
crude tetra-n-pentylammonium iodide washed with ether, reprecipitated from an alkaline 
alcoholic solution by water, again washed with ether, and recrystallised 5 times from absolute 
aleohol-light petroleum, ‘Tetra-n-pentylammonium picrate was then prepared by interaction 
between exactly equivalent quantities of tetrapentylammonium iodide and silver picrate, both 
dissolved in hot 50% aqueous alcohol, the silver picrate being prepared as before.* The 
resulting picrate, recrystallised 5 times from aqueous alcohol, and dried in an oven at 50°, had 
m, p. 73°75-—74° (lit.,7* 73°, 74°) 

Results.The Figure illustrates the change in equivalent conductance with concentration 
of tetrapentylammonium picrate in the four solvents used at 25°, the curves at 35° and 45° 
being similar. The detailed experimental data are shown in Table 1. 

In Table 2 are given the values of ), and of the equilibrium constant K for ion-pair formation, 
both obtained by Shedlovsky’s graphical extrapolation method.* Also in this Table are the 
values of the Walden product 2,7 for the various systems studied here, Finally, Table 2 gives 


* Part I, /., 1966, 1424 


' Bhattacharyya and Nakhate, /. Indian Chem. Soc., 1947, 24, 1, 99 
* Fuoss and Elliott, /, Amer. Chem. Soc., 1939, 61, 294 
* Walden and Audrieth, Z. phys. Chem., 1933, 165, A, 11 
* Walden, Audrieth, and Birr, ibid., 1932, 160, A, 337 
* Pickering and Kraus, /, Amer. Chem. Soc., 1949, 71, 3288. 
* French and Singer, /., 1956, 1424 
’ Vernon and Masterson, ]. Amer. Chem. Soc., 1942, 64, 2822 
Tucker and Kraus, thid., 1947, 68, 454 
Shedlovsky, /. Franklin Inst., 1938, 225, 739 
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an estimate of the size of the ion pairs in the various solutions obtained by the graphical 
method described earlier.* 


Discussion 

The 4—4/e curves for all these systems are of the usual exponential form, although both 
these curves and the log 4-log ¢ curves tend to show minima in the more concentrated 
regions, as indicated in the Figure. Unfortunately the exact position of the minima 
could not be explored further owing to the very limited solubility of the salt in these 
solvents. The theory of ion-pair formation will account, in the more dilute region, for 
the shape of the log 4-log ¢ curves and also for the deviations from the theoretical Debye 
Hiickel-Onsager curve. In the somewhat more concentrated region the occurrence of 
minima can again be explained on the basis of triple-ion formation. 


Ne 


A, Dibutyl phthalate; B, dipentyl phthalate; C, dioetyl 2 
phthalate; D, dinonyl phthalate. All at 25° 


rs ee 
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As in the case of the tetraethylammonium picrate so with the tetrapentylammonium 
salt, the Walden product varies both with solvent and with temperature, although the 
latter variation is not as great. 

The solvent association resulting from the close approach of two solvent molecules 
with their high electrical dipoles, postulated earlier,® will decrease from dibutyl to dinony] 
phthalate, owing to the steric effect of the increasingly large alcohol residue. Solvation 
of the ions, by the loose association of a number of solvent molecules with each ion, owing 
to the coulombic attraction between the charge on the ions and the dipoles of the solvent, 
will therefore increase as the size of the alcohol residue increases. The ions will thus be 
increasingly hindered in their passage through solution, and 497, should decrease, as found 
experimentally (Table 2). All four solvents used in this series have very large molecules 
and, as might therefore be expected, the Walden product in all four is less than found for 
solvents with smaller molecules, 

As in the system recorded in Part I * so here the large size of the tetrapentylammonium 
ion and of the solvent molecules results in a small interaction energy between them. Hence 
a decrease in the Walden product with decrease in temperature may be expected and is 
again found experimentally with the three largest solvents, as shown in Table 2. The 
absence of temperature effect for dibutyl phthalate exactly parallels the result for this 
solvent but with tetraethylammonium picrate as solute 

Comparison of the data presented in Part I ® with those now recorded shows that the 
conductance curves for tetraethylammonium picrate fall below those for tetrapenty] 
ammonium in both dioctyl and dinonyl phthalate, although the reverse would be expected 
from the relative sizes of the bare ions. It appears therefore that in these two solvents, 
in contrast to solutions in dibutyl and dipenty] phthalate, the solvation of the tetraethy] 
ammonium ion is greater than that of the tetrapentylammonium ion by an amount that 
makes the solvated tetraethylammonium ion larger than the solvated tetrapentylammonium 
ion. This is confirmed by a comparison of the sizes of the ion pairs in the four solvents 
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Taste 1. The equivalent conductance * of tetrapentylammonium picrate in 
the solvents named. 
Dibuty! phthalate Dipenty! phthalate Dioctyl phthalate Dinony! phthalate 
Lore A 10% 1OA 10*¢ 10*c 10%A 


At 25° 
64-13 O-1211 32-28 0-5097 29-70 
39-35 01204 20-62 05920 26-76 
23-05 O-1508 13-66 06859 8-066 
12-59 12-89 06973 6-728 
11-43 7! 99! 1-029 2-244 
§ 149 2 ae 1-042 1-371 
4864 ‘2012 623 1-742 0-6007 
V2 394 f 1-868 03629 
249 . H12 2-621 02362 
479! , y , 3-096 0-1005 
344° ‘1932 4-365 
250! 9042 
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12-29 0-3243 
11°57 

3-473 

2-756 

1-319 

05908 

0-4109 

01462 

0:1084 
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At 35° 
‘1811 34° 00-8095 29-48 1-205 12-20 00-6045 
1934 20-4: 09394 26-50 1-364 11-49 06053 
2251 De . 1-979 3-448 -283 
‘2768 2-76 ‘ALS . 2-198 2-736 ‘148 
2801 { 63 2°22 3-628 1-309 ‘B15 
303% , OAL ‘ 4-464 05865 2-340 
4337 “f 4 ° 6-979 04080 2-791 
5961 26 2-94; . 8479 01451 4-435 
JO 607 “LS! , 10-04 0-1076 4-998 
OTS , , (09973 14-51 
206 “74: 
B19 
At 45° 
2563 34°! “4 29-27 
2742 20°% 40: 26°31 
S18 3° ‘ 7047 
39235 2-65 , 6-629 
3965 5 2-4! 2211 
HH82 af . 350 
6126 402 , 4033 
“8431 ‘282 , ‘3575 
Os04 06006 . ‘2327 
‘518 04130 009900 
03390 ‘Tih O-1893 10-04 
O-2762 1-841 


4 
7 
7 
5 
9 


05822 
04050 
01440 
01069 


2.) 
2°22 
3°45 
3°57 
5-60 
7°25 
1-33 
3°76 
6-65 
4°64 


] 
l 
I 
5) 
2 


* ¢ is given in moles 1.-', and A in ohm” cm.* 


TABLE 2. 
Temp Dibutyl phthalate Dipentyl phthalate Dioctyl phthalate Dinonyl phthalate 

’ 3°33 1-47 O- 0-162 
4-58 2-89 0-762 0-367 
883 440 : 0-634 
23-39 16°37 5 3-61 
23-07 15-42 “Pf 2-94 
22-80 14-59 23 2-92 
0-651 0-407 2 0-126 
0-545 0-492 2 0-158 
0-543 0-506 “2 O-172 
ro, f 6-01 6-52 ‘ 7:24 

eee ee 6-05 6°53 7-06 
orem.) TG 6-03 6-45 15 7-06 
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used in the present series with those for tetraethylammonium picrate in the same solvents 
and shown in Table 3 of Part I.* 
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471. An Approach to the Total Synthesis of Triterpenes. Part 1. 
By T. G. HALsALt and D. B. THomas. 


An approach to the total synthesis of 4-amyrin is discussed and the 
accomplishment of the first stages described, in particular the synthesis of the 
1-2’-hydroxyethyl-7 : 7: 10-trimethyl-trans-octal-2-one (XXVIII). An 
account is given of one of the factors influencing the comparative stability 
of the two conformations of cis-decalones 


In recent years much effort has been devoted to the total synthesis of steroids, but little 
has so far been published concerning the synthesis of triterpenes and more especially those 
of the pentacyclic group. The only, but important, synthesis of a tetra- or penta-cyclic 
triterpene which has been described is that by Woodward, Patchett, Barton, Ives, and 
Kelly? of lanostenol (I) from cholesterol (II), a steroid which had already been 
synthesised.* 4 4 

The largest group of triterpenes is that related to @-amyrin (III) ® with the oleanane 
skeleton (IV), the complete stereochemistry of which is known.*? The object of the work 
which will be described in this and, it is hoped, subsequent papers is the synthesis of a 
compound of the oleanane group which has been directly related to 6-amyrin. 

A systematic building of successive rings of the oleanane structure, e.g., starting from 
ring A, appeared to involve great difficulties and a very low overall yield. A more attractive 
approach was the synthesis of two bicyclic intermediates, which ultimately would become 
systems A/B and b/g of the oleanane skeleton, and then their coupling and cyclisation to 
the pentacyclic structure. Such a scheme can be derived from a consideration of the 
nature and properties of soyasapogenol-D, This has four carbocyclic rings, with a fifth 
ring closed by an ether linkage, and structure (V) has been suggested for it. Treatment 
of its diacetate with acetic anhydride and the boron trifluoride-ether complex gives the 
triacetate of a pentacyclic compound. This triacetate had been provisionally formulated 
as (VI).° 

Consideration of this reaction suggested that treatment of a compound such as (VII) 
with acidic reagents, e.g., boron trifluoride-ether, would lead to cyclisation to 4-amyrin 
acetate (VIII) with the trans-anti-trans-anti-arrangement of rings A, B, Cc, and p. The 
recent work of Barton and Overton,® who have shown that the diacetate of the tetracyeli 
triterpene «-onocerin (IX) undergoes a similar cyclisation to give (X), has provided 
additional support for our initial idea. 

rhe synthetic precursor of the compound (VII) could be the ketone (X1), synthesis of 
which would require two basic units (XII) and (XIII), with the starred position of (X11) 
activated in such a manner that the second component (XII) could be attached at this 
point with nucleophilic displacement of the group X 

rhe synthetic route discussed should not involve any great stereochemical difficulties 
For the decalone (X11) the key step is the formation of the /rans-fused ring system. With 
the component (XIII) it is simply a problem of obtaining the ers- or frans-isomer, If the 
racemic mixture (XII) is coupled with that of, say, the tvans-form of (XII1), stereochemical 
control at C* in (XII) is provided by the «-carbonyl group which will permit the entering 
group from (XIII) to take up the more stable equatorial conformation, Two racemates 
only should result, one being (XI; 18a-H) and its enantiomer, and the other (XIV) and 
its enantiomer, Conversion of the ketone (XI) into the alcohol (VII) does not involve any 
stereochemical problem as the additional asymmetry introduced at C,,) will be destroyed 


' Woodward, Patchett, Barton, Ives, and Kelly, J]. Amer. Chem. Soc., 1954, 76, 2852. 
? Woodward, Sondheimer, and Taub, ibid., 1951, 78, 3548 
Woodward, Sondheimer, Taub, Heusler, and McLamor bid, 1952, 74, 4223 
Cardwell, Cornforth, Duff, Holterman, and Kobinson , 1953, 361 
Jeger, Fortschr. Chem. org Naturstoffe, 1950, 7, 17 
Barton and Holness, /., 1952, 78 
Abd El Rahim and Carlisle, Chem. and Ind, 1954, 279 
* Meyer, Jeger, and Ruzicka, Helv. Chim, Acta, 1950, 33, 687 
Barton and Overton, /., 1965, 2639 
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t This and subsequent formule imply, when the context requires it, the presence of the enantiomer 
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when the carbonium ion involved in the cyclisation is formed. Finally the work of Barton 
and Overton * shows that the cyclisation step will lead to the required stereochemical 
arrangement of rings B, C, and D. 

In this paper our concern will be with some aspects of the problem of synthesising the 
octalylethyl compound (XIII). The first compound made was 2: 5: 5-trimethyleyelo- 
hexanone (XV). To this end dimedone was methylated to give 2: 5: 5-trimethyleycelo- 
hexane-l : 3-dione (XVI).1%44,12 Hydrogenation in presence of Raney nickel then gave 
a mixture of 2: 5: 5-trimethyleyclohexanol and the | : 3-diol. The former was oxidised 
in good yield with chromic acid to 2 : 5 : 5-trimethyleyclohexanone. The yields on hydro- 
genation, however, varied since the activity of the catalyst and the efficiency of stirring 
were difficult to reproduce, and a better method for the conversion of the dione (XVI) into 
the cyclohexanone (XV) was sought. The dione (XVI) with phosphorus trichloride gave 
the chloride (XVII) from the monoenol. Favre and Schinz ™ report that hydrogenation 
of the chloride similarly derived from the diketone (XVIII), under appropriate conditions, 
gave the keto-ester (XIX). Under similar conditions the chloride (XVII) did not absorb 
hydrogen and starting material was recovered. The chloride from dimedone, however, 
gave 3: 3-dimethylcyclohexanone. Reduction of the chloride (XVII) with lithium in 
ammonia-ethanol, followed by oxidation with chromic acid, gave the required 2 : 5 ; 5-tri- 
methyleyclohexanone (XV) in better yield and more conveniently than the method involving 
Raney nickel. 

The trimethyleyclohexanone (XV) was condensed, according to method of du Feu, 
McQuillin, and Robinson,™:'!* with methyl vinyl ketone formed in situ from 1-diethyl- 
aminobutan-3-one methiodide,® the octalone (XX) being formed. Sodamide was the 


a e : CO, Et 
— _> <p 
Ox He OK AC oh 3 f B 


(XVIT) (XVI) 


(XX) (XXII (XXIV) 


Cl-CH,*CH,*CO-[CH,],* CO, Et Cl+CH,*CH,*CO: [CH], +CO,Et 
(XXV) (XXVI) 


condensing agent. No uncyclised product was obtained. The octalone showed maximum 
absorption at 2430 A, characteristic of the chromophore found in (XX). Whilst one 
would expect by analogy with other condensations (cf. refs. 14, 15) to obtain this ketone 
(XX) from the trimethyleyclohexanone (XV) and methy! vinyl ketone, with addition taking 
place at the more substituted a-carbon of (XV), it was desirable to be sure that the isomer 


*” Desai, /., 1932, 1079. 

‘t Hirsjarvi, Ann, Acad. Sci. Fennicaz, 1946, Ser. A 11, No. 23; Chem. Abs., 1948, 42, 2936, 
1® Meek, Turnbull, and Wilson, J., 1963, 811 

** Favre and Schinz, Helv. Chim, Acta, 1962, 35, 2389 

Du Feu, MeQuillin, and Robinson, J., 1937, 53 

% McQuillin, /., 1955, 528. 

** Wilds and Shunk, J. Amer, Chem. Soc., 1943, 66, 471 
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(XX1) was not formed, by reaction at the less substituted a-carbon atom. The product 
was therefore dehydrogenated with selenium and gave in low yield the expected 7-methyl- 
2-naphthol.’? 5: 8-Dimethyl-2-naphthol, which has so far not been described, would 
have been obtained from the isomer (X.X1I). 

Hydrogenation of the octalone (XX) with platinum in ethanol gave a crystalline 
saturated ketone as the only isolable product, whilst hydrogenation in acetic acid gave a 
mixture of ketones. By analogy with the hydrogenation in ethanol of 10-methyl-A’- 
octal-2-one to predominantly 10-methyl-cis-decal-2-one,'** it appeared likely that the 
crystalline saturated ketone was the cis-decalone (XXII) and that the product from the 
hydrogenation in acetic acid was a mixture of the cis- and the trans-decalone. Care, 
however, is necessary in drawing analogies (cf. refs. 18, 19). The octalone (XX) was there- 
fore reduced with lithium in ammonia. The decalone obtained was not identical with that 
from the hydrogenation in ethanol. Reduction with lithium in ammonia is known to give 
the compound with the more thermodynamically stable ring junction ® which in this case 
will be the trans-decalone (XXIII). The product from hydrogenation in ethanol is 
therefore the cis-compound (XXII). 

by analogy with the 3-oxo-steroids with a cis-A/B ring fusion, ¢.g., coprostanone, it 
was at first thought that enolisation of the c1s-decalone (X XII) would be towards C;,,) and 
that alkylation would occur at Cq); in preliminary attempts to introduce a side-chain at 
(,,, the enolate ion was treated with allyl iodide, to give a monoallyl derivative, and with 
ethyl! oxalate to give a product which, on loss of carbon monoxide, gave an ethoxycarbony! 
derivative However, it became clear, for reasons discussed later, that alkylation would 
probably occur at Cy), 

Since this meant that C;,) of the decalones (XXII) and (X XIII) would have to be blocked 
before introduction of a side-chain, attention was turned to a direct synthesis, from the 
trimethyleyclohexanone (XV), of an octal-2-one having a substituent at C;,) (ef. XXIV). 
lor this purpose a suitably substituted methyl vinyl ketone or its equivalent is required 
Du Feu et al., during their preliminary development of the reaction of an «8-unsaturated 
ketone with the sodio-enolate of a ketone, tried unsuccessfully to use 2-chloroalkyl methyl 
ketones as precursors of the af-unsaturated ketones, but later they used 2-chloroethyl 
methyl ketone in a reaction with 2-methyleyclohexanone to give 10-methyl-A™-octal-2- 
one in 15-20% yield. Wieland, Ueberwasser, Anner, and Miescher *! successfully used 
the chloro-ester (XXV) in a similar reaction with 2-methylceyclohexane-1 : 3-dione. For 
the synthesis of the octalone (XXIV), ethyl 6-chloro-4-oxohexanoate (XXVI) appeared 
to be suitable starting material. In an attempt to prepare it the acid chloride from ethyl 
hydrogen succinate was treated with ethylene and aluminium chloride. Condensation 
occurred but the required product could not be isolated owing to the rapid loss of hydrogen 
chloride followed by immediate polymerisation during working up. 

rhe next possibility examined was synthesis of the octalylethanol (X XVII) by reaction 
of the trimethyleyelohexanone (XV) with the vinyl ketone (XXVIII) or a precursor such 
as the methiodide of the tertiary base (XXIX). One route to the base (XXIX) might be 
by a Mannich condensation on 4-oxopentan-l-ol (XXX). Since, however, condensation 
could take place on either of the carbon atoms adjacent to the keto-group it would have 
been necessary to prove the structure of the condensation product. In the method actually 
used pent-4-yn-l-ol ® (XXX1) was the starting material; the acetylenic grouping can take 
part in a Mannich reaction, and 6-diethylaminohex-4-yn-l-ol (XXXII) was obtained in 
good yield. The acetylenic bond in this base is polarised in acid (cf. XX XIII), anc 
hydration will give the enol (XXXIV) of the required tertiary base (XXIX). This route 
via an acetylenic compound to a precursor of a vinyl ketone has already been very succes 
fully used by Islam and Raphael. Hydration of the acetylenic base (XXXII) gave a 

'’ }lalsall and Thomas, /., 1956, 2564 

'* Dauben, Tweit, and MacLean, /. Amer. Chem. Soc., 1955, 77, 48 

* Dreiding and Tomasewski, ibid., p. 168 

' Barton and Kobinson, /., 1954, 3045 

*! Wieland, Ueberwasser, Anner, and Miescher, Helv. Chim, Acta, 1953, 36, 376. 

* Eglinton, Jones, and Whiting, /., 1952, 2873. 

# Islam aud Raphael, /,, 1953, 2247 
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product which was unstable but when treated with methyl iodide immediately after 
isolation gave a methiodide which could be used in reaction with 2: 5: 5-trimethyl- 
cyclohexanone (XV). This gave 1-2’-hydroxyethyl-7 : 7 : 10-trimethyl-A™-octal-2-one 
(X XVII) in moderate yield. This was a viscous liquid, which showed maximum absorption 
at 2530 A (¢ 17,000) and was characterised as its 2 : 4-dinitrophenylhydrazone. 

Although the trimethyloctalone (XXVII) has not yet been converted into a tetra- 
methyl compound of type (XIII), some of its reactions have been studied. Hydrogenation 
of the double bond proved much more complicated than that of the parent ketone (XX). 
After one mole of hydrogen had been taken up in presence of platinum in ethanol, the 
product contained unchanged starting material and some diol, besides a saturated ketone, 
and could not be resolved by chromatography. Hydrogenation in acid solution gave 
similar results. The unsaturated ketone (XXVII) formed a lithium complex in liquid 
ammonia and ether, but decomposition with ammonium chloride produced no reduction : 
it is unlikely that this failure was due to the hindered position of the double bond, since 
the steric requirements of this reaction are small; insolubility of one of the intermediates 
may have been a factor but addition of dioxan in varying amounts did not lead to reduction, 
nor did use of larger amounts of lithium; the most likely explanation is that the anion 
(XXXYV) is formed initially and is not reduced. When the lithium complex was 
decomposed with ethanol, reduction did take place, giving some of the saturated ketone, 
which can be formulated as the most stable isomer (XXXVI) with the érans-ring junction 


CH,=CH-CO{CH,},"CH,OH (XXVIII 
ie Et,N-CHyCHyCO[CH,JyCHyOH (XXIX) 
HO-H,C Oo 

CH,CO-[CH,],"CH,OH (XXX) 


O: (XXVIN) 


HC=C-(CH,]},,CH,OH ——m Et,N-CH,C™C{CH,],,CH,;OH -—® (XXIX) 
(XXXI) (XXXII) 


+ 4 4+ ‘ 
Et, NH-CHy-C==C-[CH,],"CH,-OH Et, NH-CH,-CH = C(OH)-{CH,],CH,-OH 
(XXXII) (XXXIV) 


x 
HO-H,C 


H 
(XXXVI) (XXXVIT) 


x 


HO-H,C~ ‘4 HO-H.C~ sf 
H H 
(XXXVI) e HO": ™ (XXX1X) 


HO 


and the equatorial side chain. A diol was also formed, sometimes as the main product, 
and can be formulated as the most stable isomer (XX XVII) with both the side chain and 
the hydroxyl group attached equatorially to the ring. 

Further work, designed to overcome the unpredictability of the lithium-ammonia 
ethanol reduction technique, is in progress on the lithium-ammonia reduction of the 
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tetrahydropyranyl ether of the alcohol (X XVII), which will not be able to form an anion 
such as (XX XV), and on the synthesis of an intermediate related to the decalone (XII). A 
preliminary reaction of the ketone (XXXVI) with methylmagnesium iodide has given 
two diols, (XXXVIII) and (XXXIX). Although their chemistry has not yet been studied, 
it seems possible that these may be convertible into a compound of type (XIII; ¢¢., 
X = Ir). 

During our preliminary study of the alkylation of the trimethyldecalone (XXII), 
Dreiding ™ pointed out, in connexion with their bromination, that cis-decal-2-ones might 
exist in two conformations (e.g., XL and XLI). He argued that in only one form (XL) 
would enolisation towards C,,, be favoured and that only in this case would one expect 
the initial product of halogenation to be substituted at C;,. In the case of the A/B-cts-3- 
oxo-steroids, rings A and B are restricted to the conformation corresponding to (XL) by the 
rigidity imposed by the B/c ring junction. With these compounds bromination should 
occur at the carbon atom between the keto-group and the ring junction, as is the case. No 
such restriction applies with the cis-decal-2-ones and the question arises which conformation 
(XL or XLI) is preferred. Very little evidence on this point is available. Dreiding ™ 
has discussed evidence which indicates that enolisation of some simple cis-decal-2-ones 
occurs towards Cg. This could indicate conformation (XLI) as slightly more stable than 
(XL) in these cases, and Dreiding has put forward one possible explanation for this. He 
points out that in (XLI) the trigonal carbon atom participates in one more skew inter- 
action than in (XL). 

Corey and Sneen * have calculated the geometry of some simple carbocyclic systems, 
including cyclohexanone. They have shown that this may exist in a strain-free structure 
if a value of 120° is assumed for the trigonal bond angle. Axial substituents situated 
« and y to the carbonyl group are brought nearer together, being only 2-37 A apart in the 
case of hydrogen atoms, whilst the distance between the «- and «’-axial hydrogen atoms is 
304 A. These distances are to be contrasted with the normal meta-cis-axial hydrogen 
distance of 2-53 A in cyclohexane itself. 

In comparing the two conformations (XL) and (XLI) one should consider, besides the 
above mentioned skew interaction, non-bonded interactions between the axial substituents 
at Ca, Cy, and Cy». In a decalone (XL; R =< H) the axial substituents are the two 
hydrogen atoms at Cy) and Cy and the methylene (C;,)) group attached to Cag. In the 
form (XLI; R = H) the axial hydrogen atom on the «-carbon atoms Cy) and Cy interact 
only with an axial hydrogen substituent at Ca». This difference in non-bonded inter- 
actions, together with the factor discussed by Dreiding,™ makes it appear likely that form 
(XLI; R = H) will be more stable than form (XL; R =H). Turning to 10-methyl- 
cis-decal-2-one, in the conformation (XL; R = Me) the interactions are the same as in 
the analogue (XL; R = H), namely, two interactions between a hydrogen atom and a 
methylene group. In the conformation (XLI; R = Me) the interactions are now between 
the two a-axial hydrogen atoms and the methyl group on the y-carbon atom Cqg and should 
be of a similar order to those in (XL; R = Me). In this case the two conformations will 
not differ as much as those of cis-decal-2-one, 

When this analysis is applied to 7:7: 10-trimethyl-cis-decal-2-one (XXII) a much 
more significant non-bonded interaction appears in one conformation. In the conformation 
corresponding to (XL), #.¢., in (XLII), there is a large non-bonded interaction between C,) 
and the axial methyl group attached to Cj). This is equivalent to a 1 : 3-diaxial dimethyl 
interaction in 1: 3-dimethyleyclohexane. This interaction is absent in the conformation 
corresponding to (XLI), i.¢., in (XLII), and it is clear that the decalone (XXII) will exist 
almost completely in conformation (XLIII). Since conformation (XLIII) corresponds to 
(XLI), 7: 7: 10-trimethyl-cis-decal-2-one (XXII) should enolise towards Cy) and the allyl 
and ethoxyearbonyl derivatives described earlier are probably (XLIV) and (XLV), 
substitution having occurred at Cry). 

lo test these conclusions 7 : 7 : 10-trimethyl-cis-decal-2-one (XXII) was brominated 
in acetic acid containing a little hydrogen bromide. The bromo-derivative was obtained 


* Dreiding, Chem. and Ind., 1054, 1419. 
* Corey and Sneen, J. Amer, Chem, Soc., 1965, 77, 2505. 
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as an oil, which was not completely pure as its ultraviolet absorption indicated the presence 
of a small amount of an «$-unsaturated ketone. ‘he oil was treated with 2 ; 4-dinitro- 
phenylhydrazine in acetic acid to bring about the formation of the 2 : 4-dinitrophenyl- 
hydrazone of the corresponding «$-unsaturated ketone. If bromination had occurred at 
Cy) the dehydrobromination product should be the octalone (XX). It was not, and must 
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therefore be the isomer (XLVI) formed from a 3-bromo-derivative. The ultraviolet 
absorption spectrum of the 2: 4-dinitrophenylhydrazone showed maximum absorption at 
3790 A (e 26,500), i.¢., at shorter wavelength than that of the 2 : 4-dinitrophenylhydrazone 
of the Al-ketone (XX) (Amar, 3910—3930 A; 22,250). These figures are consistent with 
the formulation of the dehydrobromination product as (XLVI) and agree with the wave- 
length of the maximum absorption of the 2 : 4-dinitrophenylhydrazone * of the analogous 
ketone (XLVIT) (Amar, 3830 A; © 29,000). 

There are several examples in the literature of the isomerisation of «-bromo-ketones to 
«'-bromo-ketones.27_ It can be brought about by hydrobromic acid: ** this acid may 
indeed be a specific catalyst : Cookson and Dandegaonker ™ have shown that while 36 : 5a- 
diacetoxy-7-bromocholestan-6-one is stable to perchloric acid in acetic acid it is isomerised 

*¢ Rinika, Kalvoda, Arigoni, Fiirst, Jeger, Gold, and Woodward, ibid., 1964, 76, 313 

*7 Cf. Fieser and Fieser, ‘‘ Natural Products Kelated to Phenanthrene,”’ Reinhold Publ. Corp., New 
York, 1949, PP. 262, 264 . 

** Smith, Wilson, and Woodger, Chem. and Ind , 1954, 309 

** Cookson and Dandegaonker, /., 1955, 352 

4m 


2438 Halsall and Thomas: An Approach to the 


by hydrobromic acid to the 76-bromide. They suggest that the isomerisation involves 
reduction by hydrobromic acid followed by rebromination. It is possible that a similar 
reduction and rebromination is involved'in the migration of bromine from the a- to the 
«’-position in bromo-ketones. 

In view of these considerations it was possible that the 3-bromodecalone derivative 
described above was not the primary bromination product. The cis-decalone (XXII) was 
accordingly brominated in acetic acid in the presence of excess of sodium acetate to remove 
any hydrogen bromide. The reaction, which was much slower than in the presence of 
hydrogen bromide, gave a crystalline monobromo-ketone. This yielded the same 2: 4- 
dinitrophenylhydrazone after dehydrobromination as the acid-catalysed bromination 
product. Bromination of the decalone (XXII) therefore gives the 3-bromo-ketone 
(XLVIII), and the analogy with the 3-oxo-steroids with the A/B-cis ring fusion is not valid. 
rhe infrared spectrum of the monobromo-ketone had a band at 1731 cm.~!, as compared 
with one at 1705 cm.~! for the ketone (XXII) itself. This shift shows that the bromine 
atom has the equatorial conformation,® as in (L). Corey *4 has shown that on bromination 
of a cyclic ketone the epimer which is formed faster is that in which bromine is axial. If 
the 7:7. 10-trimethyl-cis-decalone reacts at Cq in the conformation (XLIII), then the 
kinetically controlled product will be (XLIX). Because of the interaction of the bromine 
in (XLIX) with the axial angular methyl group this will not be the thermodynamically 
stable product ® and should isomerise, by enolisation, to (L) with the bromine equatorial, 
as is found. 

A cis-decalone such as 6: 6-dimethyl-cis-decalone should exist in the conformation 
(1.1), corresponding to that of rings A and B of the 3-oxo-steroids with the a/B-cis ring 
junction, because of the non-bonded interaction between the axial 6-methyl group and the 
(,,,methylene group in conformation (LII), We propose to study further the bromination 


) 
of ets-decalones which should exist predominantly in one conformation, 


EXPERIMENTAL 

M. p.s were determined on a Kofler block and are corrected. Infrared spectra were dete 
mined on liquid films unless otherwise stated. The alumina used for chromatography was of 
activity |--II, Light petroleum refers to the fraction with b. p. 60-80”. 

Methylation of Dimedone,-Dimedone (100 g.) was shaken with methanol (320 c.c.) contain 
ing sodium (16-6 g.) until dissolution occurred. Methyl iodide (155 g.) was then added dropwise 
to the stirred solution which was cooled occasionally to keep the temperature below 5°. The 
mixture was allowed to come to 20° and was then heated under reflux for 34 hr. The solvent 
was next removed and the residue extracted with ether. The ethereal solution was extracted 
with 10%, aqueous sodium carbonate, and the resulting aqueous layer acidified with hydro 
chloric acid, The resulting precipitate gave 2: 5 : 5-trimethyleyclohexane-1 : 3-dione as white 
needles (63 g., 58%) (from ethyl acetate), m. p. 158—159° (decomp.) with preliminary sub 
limation at 180—140°, The sublimation temperature and m. p. are to some extent dependent 
on the rate of heating. This is probably because 2: 5: 5-trimethyleyclohexane-1 : 3-dione 
very easily forms a hydrate (cf. Desai). Light absorption in alkaline EtOH : Max. 2950 A 
(¢ 24,500). A dioxime, made in the usual way, gave crystals (from benzene), m. p. 188-—190° ; 
Hirsjarvi ™ gives m, p. 186-—188°. 

From the extracted ether solution 2: 2: 56: 5-tetramethylcyclohexane-1 : 3-dione (16-8 g.) 
was isolated as plates (from light petroleum), m. p. 98°. 

When kept in air at 20° for 10 days, or overnight at 100°, the 2: 5: 5-trimethyleyclohexan 
dione became a viscous oil with a smell resembling that of lavulic acid (cf. ref, 12). 

2:5: 5-Trimethyleyciohexanone (XV).—2: 5: 5-Trimethyleyclohexane-1 : 3-dione (26 g.) in 
ethanol (200 c.c.) was hydrogenated, with Raney nickel (5 g.), at 190°/80-—-120 atm, for 6-5 hr. 
After removal of the catalyst and solvent, distillation of the residue under reduced pressure 
wave a liquid (15 g.), b, p. 68—98°/18 mm, This was dissolved in acetone (15 c.c.) and oxidised 
with chromic acid solution (8N; 22-5 c.c.) which was added dropwise to the ice-cooled mixture. 
\{ter 30 min. the solution was diluted with water and extracted with ether. Distillation of the 


” Jones, Ramsey, Herling, and Dobriner, /, Amer. Chem. Soc., 1952, 74, 2828 
+t Corey, thid., 1954, 76, 175 
%? Idem, ibid, 1953, 75. 2301 
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extract under reduced pressure gave 2: 5: 5-trimethyleyclohexanone (11-2 g.), b. p. 63-—-65°/10 
mim., n}°° 1-4450. Blanc *4 gives b. p. 185°. The semicarbazone, prepared in the usual way, 
crystallised from methanol as needles, m. p. 173-——177°. Blanc * records m. p. 170°. The 
2: 4-dinitrophenylhydrazone, prepared in the usual manner, crystallised from methanol as 
plates, m. p. 117—-119° (Found: C, 56-15; H, 62; N, 17-15. C,,HO,N, requires C, 56-25; 
H, 6-3; N, 17-5%). 

3-Chloro-2 : 5 : 5-trimethylcyclohex-2-en-l-one (XVI1).—Anhydrous 2: 5: 5-trimethyleyelc- 
hexane-1 ; 3-dione (17-3 g.), phosphorus trichloride (5-8 c.c.), and anhydrous chloroform (100 
c.c.) were heated under reflux for 3 hr. After removal of the chloroform and addition of ice, 
ethereal extraction yielded an oil which was distilled under reduced pressure, to give 3-chloro 
2: 5: 5-trimethyleyclohex-2-en-l-one (11 g.), b. p. 76-—78°/4-8 mm., n? 1-4962 (Found ; C, 62-75; 
H, 7-65; Cl, 20:2. CyH,,OCI requires C, 62-6; H, 7-55; Cl, 20-55%). Light absorption in 
EtOH: Max. 2444 A (e 13,000). The semicarbazone, prepared in the usual manner, gave 
crystals (from aqueous methanol), m. p. 169° (Found: N, 18:35, Cy,gH,,ON,Cl requires 
N, 183%). Light absorption in EtOH : Max. 2700 A (e 23,800) 

Attempted Hydrogenation of 3-Chloro-2: 5: 5-trimethyicyclohex-2-en-l-one.--The chloride 
(XVII) (1-88 g.) in ethanol (20 c.c.) containing pyridine (1 c.c.) was shaken with hydrogen in 
the presence of 2% or 8% palladium—calcium carbonate (500 mg.). No absorption of hydrogen 
was observed in 4 hr. 

Lithium-Ammonia Reduction of 3-Chloro-2: 5: 5-trimethyleyclohex-2-en-l-one (XVII) 
The chloride (50 g.) in dry ether (150 c.c.) was added during 45 min., with vigorous stirring, to 
lithium (10 g.) in liquid ammonia (11). After a further 25 minutes’ stirring the lithium complex 
was decomposed by ethanol. After 20 min. the blue colour had disappeared, The ammonia 
was slowly evaporated, water was added, and the product was isolated by continuous ether- 
extraction. It was obtained as an oil and dissolved in acetone (50 c.c.) at 0°. Chromic acid 
solution (8N) was added dropwise until an orange colour persisted. Dilution with water and 
extraction with ether gave a product which was distilled under reduced pressure, to give 2: 5: 5 
trimethyleyclohexanone (27 g.), b. p. 71-—-73°/12 mm., n#? 1-4460, The 2; 4-dinitrophenyl 
hydrazone, prepared in the usual manner, was obtained as plates (from aqueous methanol), 
m. p. 115-—118°, undepressed on admixture with a sample prepared from the 2: 5: 5-trimethyl 
cyclohexanone obtained by hydrogenation of 2: 5: 5-trimethyleyclohexan-1 ; 3-dione. 

4-Diethylaminobutan-2-one.“—Ethanol (11 c.c.), paraformaldehyde (84 g.), diethylamine 
hydrochloride (21 g.), and acetone (30 c.c.) were heated under reflux for 9 hr. The solution was 
then made alkaline with sodium hydroxide solution (10%, ; 80-90 c.c,) and the product isolated 
by ether-extraction. Removal of the solvent and distillation under reduced pressure gave 
4-diethylaminobutan-2-one (11-5 g.), b. p. 71—-74-5°/14 mm., n® 1-4300. Wilds and Shunk ™ 
give n#* 1-4318. The methiodide was obtained by adding an equal weight of methyl! iodide to 
the base cooled with ice. It was obtained as a viscous oil which crystallised from ethyl methyl] 
ketone and benzene, then having m. p. 301--302° (decomp.). 

7:7: 10-Trimethyl-A™™-octal-2-one (XX),--Sodamide was prepared by adding sodium 
(0-7 g.) to liquid ammonia (25 c.c.) containing a small crystal of ferric nitrate. After the initial 
blue colour had changed to grey the ammonia was evaporated, the final traces being removed 
by a stream of purified nitrogen. Ether (20 c.c.) was then added, followed by 2: 5: 5-trimethyl 
cyclohexanone (6°75 g.). The resulting solution was then treated under nitrogen with 4-diethyl- 
aminobutan-2-one methiodide (7 g.) in ethanol (10 c.c.). After being stirred at 20° overnight 
the mixture was heated under reflux for 1 hr. After acidification with hydrochloric acid, 
extraction with ether yielded unchanged 2: 5 : 5-trimethyleyclohexanone (2-5 g.), b. p. 62°/12 
mm., and 7:7: 10-trimethyl-A%™-octal-2-one (1-7 g.), b. p. 110-—-115° (bath) /0-5 mm., ni? 16070 
(Found: C, 80-95; H, 10-4. CysH,,O requires C, 81-2; H, 10-56%). Light absorption in 
EtOH: Max. 2430 A (e 17,000), The 2: 4-dinitrophenylhydrazone was obtained as bright 
scarlet plates (from methanol and ethyl acetate), m. p. 148-5-—-160° (Found: C, 61-0; H, 6-65; 
N, 15-05. CyyHyO,N, requires C, 61-25; H, 65; N, 15-06%). Light absorption in CHCl, 
EtOH (1:1): Max. 3910—3930 A (e 22,260). 

Dehydrogenation of 7:7:10 Trimethyl-A*-octal-2-one (XX).--The oetalone (1-65 g.) and 
selenium powder (6-0 g.) were heated in a Wood's metal bath to 300-345” (internal temperature) 
for 30 hr. The residue was extracted with ether in a Soxhlet-type apparatus, The ether 
solution was extracted with sodium hydroxide solution which was then acidified, 7-methyl-2 
naphthol, m. p. 112—-116°, being precipitated, Sublimation of the product at 0-01 mm. gave 


* Blanc, Bull Soc. chim. France, 1908, 3, 786 
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a solid, m. p. 118--120°, undepressed on admixture with 7-methyl-2-naphthol ” (Found ; 
C, 83-3; H, 64. Cale, forC,,H,O: C, 83-5; H, 635%). 

7:7: 10-Trimethyl-cis-decal-2-one (XX11),—7: 7: 10-Trimethyl-A"-octal-2-one (180 mg.) 
was hydrogenated with a platinum catalyst (30 mg.) in ethyl acetate (25 c.c.). One mol. of 
hydrogen was absorbed in 10-—15 min., after which absorption became very slow. The hydro- 
genation was stopped after the uptake of 1-04 mol. of hydrogen. Removal of the catalyst and 
solvent gave 7:7: 10-trimethyl-cis-decal-2-one (150 mg.), m. p. 67-5-—68° (needles from aqueous 
methanol) (Found: C, 80-1; H, 11-35. C,,H,,O requires C, 80-35; H, 114%). Light 
absorption in EtOH: Max. 2850 A (e 20). The 2: 4-dinitrophenylhydrazone crystallised from 
methanol-ethyl acetate as orange-golden plates, m. p. 187-—-189° (Found: C, 60-65; H, 7:1; 
N, 14-85. CygH,.O,N, requires C, 60-95; H, 7-0; N, 14-95%). The semicarbazone crystallised 
from methanol-water as needles, m. p. 225-—227° (Found: C, 66:15; H, 9-8; N, 16-5. 
Cyl ON, requires C, 66-9; H, 10-06; N, 16-7%). 

Hydrogenation of 7:7: 10-Trimethyl-A*-octal-2-one (XX) im Acetic Acid Solution, 
7:7: 10-Trimethyl-A*™-octal-2-one (105 mg.) in acetic acid (10 c.c.) was hydrogenated with a 
platinum catalyst in the usual way, (Uptake of hydrogen after 10 min., 1-06 mol.) Removal 
of the catalyst and solvent gave a viscous liquid. The 2: 4-dinitrophenylhydrazone crystallised 
from methanol-ethyl acetate as orange-red plates, m, p. 178-—-190°. 

7:7: 10-Trimethyl-trans-decal-2-one (XXII1).—7:7: 10-Trimethyl-A™-octal-2-one (500 
mg.) in dry ether (30 c.c.) was added dropwise, with stirring, to lithium (750 mg.) in liquid 
ammonia (100 c.c.), and stirred for a further 30 min, An excess of ammonium chloride was 
added and the ammonia was allowed to evaporate. Addition of water followed by ethereal 
extraction and distillation of the product under reduced pressure gave 7: 7: 10-trimethyl- 
trans-decal-2-one (370 mg.), b. p. (bath) 115—-125°/0-05 mm. Its infrared absorption spectrum 
had a band at 1703 cm.'. The semicarbazone crystallised from aqueous methanol as plates, 
m. p, 210-—214°, depressed (m. p. 202--207°) on admixture with the semicarbazone of the 
corresponding cis-decalone (Found: C, 66-6; H, 99; N, 166%). The 2: 4-dinitrophenyl- 
hydrazone crystallised from methanol-ethyl acetate as plates, m. p. 191°, depressed (m. p. 
168--176°) on admixture with the 2; 4-dinitrophenylhydrazone of the corresponding cis- 
decalone (Found: C, 60-7; H, 7-16; N, 161%). 

3?-Allyl-1 : 7: 10-trimethyl-cis-decal-2-ore (XLIV),--7: 7: 10-Trimethyl-cis-decal-2-one 
(0-97 g., 0-005 mole) in tetrahydrofuran (14 c.c.) was treated with potassium fert.-butoxide 
(0-006 mole) in tert.-butyl alcohol (7 c.c.). Allyl iodide (1-8 cc.) in tetrahydrofuran (8 c.c.) was 
then added dropwise with stirring. The solution became warm and potassium iodide was 
immediately precipitated. After the whole had been kept for 1 hr. at 20°, dilution with water and 
extraction with ether yielded a liquid product which was chromatographed on alumina (80 g.). 
Elution with benzene-light petroleum (1:1; 300 c.c.) gave 3?-allyl-7: 7: 10-trimethyl-cis- 
decal-2-one (480 mg.) as an oil which was characterised as its 2; 4-dinitrophenylhydrazone, m. p. 
203-5-—206° (needles from ethanol-ethyl acetate) (Found: C, 63-9; H, 7:3; N, 13-3. 
Cogl ON, requires C, 63-75; H, 7-3; N, 13-56%). 

Ethyl 7:17: 10-Trimethyl-2-o0x0-cis-decalin-?3-carboxylate (XLV).—-Sodium ethoxide (from 
0-46 g. of sodium in ethanol) was freed from traces of ethanol on a steam-bath at 0-05 mm. 
Dry benzene (10 c.c.) and ethyl oxalate (2-92 g.) were added and then, with stirring, 7: 7: 10- 
trimethyl-cis-decal-2-one (1-94 g.) in dry benzene (15 c.c.). After the mixture had been kept 
under nitrogen for 4 hr, at 20°, ice-cold sodium hydroxide solution (2%; 650 c.c.) and ether 
were added and the two phases were separated, Acidification of the alkaline phase followed by 
ether extraction yielded a viscous orange oil. This was mixed with powdered soda-glass 
(approx. 1 g.) and heated at atmospheric pressure, Carbon monoxide began to be evolved at 
about 140°. Pyrolysis was continued at 160—180° (bath), evolution of gas stopping after 
15 min, Distillation under reduced pressure gave the ester (? XLV) (1-6 g.), b. p. (bath) 145 
160°/0-05 mm., which was characterised as its 2: 4-dinitrophenylhydrazone, m. p. 158-—~161° 
(needles from methanol) (Found; C, 69-356; H, 7-0. CygH O,N, requires C, 59-2; H, 6-75%). 

Bromination of 7:7: 10-Trimethyl-cis-decal-2-one (XXII).—(i) With hydrogen bromide 
acetic acid. ‘The ketone (810 mg.) was dissolved in acetic acid (2 c.c.), and one drop of hydro- 
bromic acid solution (60% w/v in acetic acid) was added followed by a 1-05n-solution of bromine 
in acetic acid (4-4 ¢.c.). The mixture was kept overnight, diluted with water, and extracted 
with ether; the product was distilled under reduced pressure, to give an oil (0-60 g.), b. p. 
(bath) 145—150°/0-056 mm., n}f 1-5168. Light absorption in EtOH: Max, 2360-2380 A 
(ec 1000), The 2: 4-dinitrophenylhydrazone of the dehydrobromination product was made as 
follows. The oil (75 mg.) in acetic acid (2 c.c.) was treated with 2: 4-dinitrophenylhydrazine 
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(66 mg.) under nitrogen at 90° for 5 min. On cooling, the product separated. It crystallised 
from chloroform—methanol, to give 7: 7: 10-trimethyl-cis-A*-octal-2-one 2: 4-dinitrophenyl- 
hydrazone as orange-red plates, m. p. 207—-200-5° (Found: C, 61-6; H, 68; N, 147. 
CyH,,O,N, requires C, 61-3; H, 6-5; N, 15-05%). Light absorption in CHCl,~EtOH (1: 1): 
Max. 3790 A (e 26,500). 

(ii) With sodium acetate~acetic acid.—7: 7: 10-Trimethyl-ets-decal-2-one (1 g.), water 
(3 c.c.), acetic acid (15 ¢.c.), and hydrated sodium acetate (1 g.) were treated with bromine in 
acetic acid (6-9 c.c.; 1-05n) at 20° for 3 hr. Most of the solvent was then removed under 
reduced pressure. The residue was dissolved in ether, and the ether solution washed with 
saturated sodium hydrogen carbonate solution and then water. Removal of solvent and 
distillation under reduced pressure gave two fractions. The first was unchanged starting 
material (500 mg.), b. p, (bath) 115—120°/0-l mm. ‘The second fraction (350 mg.) was obtained 
at 135—150° (bath)/0-1 mm. and solidified. Crystallisation from methanol-water gave a 
monobromo-compound as cubes, m, p. 118—124°, which on two further recrystallisations from 
methanol-water became needles, m. p. 73-—-77° (Found: C, 57-0; H, 7-7. Cy,H,,OBr requires 
C, 57-16; H, 7-7%). Infrared absorption in CS,: 1731 cm.“. 

The 2; 4-dinitrophenylhydrazone of the dehydrobromination product was prepared as 
described above. Recrystallised from chloroform-ethanol it gave 7:7: 10-trimethyl-cis-A*- 
octal-2-one 2: 4-dinitrophenylhydrazone as orange-red plates, m. p. 206-—209°, undepressed 
on admixture with the 2; 4-dinitrophenylhydrazone prepared by method (i). 

6-Diethylaminohex-4-yn-1l-ol (XX XI1).—-Water (20 c.c.), 30% formaldehyde solution (21 g.), 
cuprous chloride (0-5 g.), diethylamine (15 g.), acetic acid (11 g.), and pent-4-yn-l-ol (17 g.) 
(prepared by the method of Eglinton, Jones, and Whiting “) were stirred under nitrogen at 
38—40°, The product was isolated by continuous extraction with ether and dried by dis- 
solution in benzene, followed by azeotropic distillation. After removal of the benzene, 
distillation under reduced pressure gave 6-diethylaminohex-4-yn-1-ol (19-2 g.), b. p. 78-—-82/0-01 
mm., n° 1-4735. Paul and Tchelitcheff * record b. p. 117-~119°/3 mm. The aleohol (145 g.) 
with acetic anhydride-pyridine gave 6-diethylaminohex-4-yn-1-yl acetale (14-7 g.), b. p, 82-——-84°/ 
0-01 mm., n? 1-4570 (Found : C, 68-15; H, 10-0; N, 6-7. C,,H,,O,N requires C, 68-2; H, 10-0; 
N, 6-6%,), having an infrared absorption band at 1735 cm,~+. 

Hydration of 6-Diethylaminohex-4-yn-l-yl Acetate.—-Water (15 c.c.), mercuric sulphate 
(0-25 g.), concentrated sulphuric acid (1-4 c.c.), and the acetate (4 g.) were kept at 60-—-70° 
under nitrogen for l hr. Excess of sodium hydroxide solution was then added and the mixture 
extracted with ether (3 x 100c.c.). The ether solution was washed twice with saturated salt 
solution and evaporated; distillation under reduced pressure then gave an oil (2-2 g.), b. p 
(bath) 116—115°/0-01 mm., which was collected in three fractions having n# (i) 1-4630, (ii) 
1-4623 (0-8 g.), (iii) 1-4610 (0-4 g.). These were the hydration product (6-diethylamino-4-0xo- 
hexyl acetate) but they were not stable and it was not possible to obtain satisfactory analytical 
figures. After 4 days the refractive indices (n?}) of the fractions had become (i) 1-4806, (ii) 1-4705, 
(iii) 1-4680. Recombination and redistillation of the fractions gave further fractions, n? 
(i) 1-4615, (ii) 1-4613, (iii) 1-4605. 

To obtain the methiodide of the Mannich base for the condensation 6-diethylaminohex-4- 
yn-1l-ol was hydrated as described above and the distilled product was immediately treated with 
excess of methyl iodide. The methiodide was washed with dry ether, and the last trace of 
solvent was removed at 0-01 mm., to give a viscous gum which was immediately used for the 
preparations described below. 

1-2’-Hydvroxyethyl-10-methyl-A-octal-2-one.—-Sodium ethoxide (from 0-5 g. of sodium) 
in dry ethanol (15 c.c.) was treated with 2-methylcyclohexanone (2 g.) and stirred under purified 
nitrogen for 2hr. 6-Diethylamino-4-oxohexan-l-ol methiodide (6 g.; from 3-56 g. of the base) 
in dry ethanol (30 c.c.) was added dropwise with stirring, followed by dioxan (10 c.c.). A clear 
pale yellow solution resulted, After 23 hr. the solution was acidified with dilute kydrochloric 
acid, and the ethanol removed under reduced pressure through a small fractionating column. 
Water (10 c.c.) was then added and the product extracted with ether (3 x 30.c¢.c.). Polymeric 
material insoluble in water or ether was removed by filtration. After the ethereal solution 
had been dried (MgSO,), removal of the ether and distillation under reduced pressure gave 
1-2’-hydroxyethyl-10-methyl-A"-octal-2-one (350 mg.) as a pale yellow oil, b. p. (bath) 
160—165°/0-01 mm., n#* 1-6332, Light absorption in EtOH: Max. 2620 A (e 12,300). ‘The 
2: 4-dinitrophenylhydrazone formed plates (from methanol), m. p. 165-6-—167° (Found ; N, 14:3. — 
C,,HO,N, requires N, 14-46%). Light absorption in CHCl, : Max. 3880 A (e 28,700). 

* Paul and Tchelitchefl, Compt. rend., 1960, 230, 1872 
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1-2’-Hydvoxyethyl-7 : 7: 10-trimethyl-A™™-octal-2-one (XXVII).—2: 5: 5-Trimethyleycio- 
hexanone (3 g.) was added to sodium ethoxide (from 0-6 g. of sodium) in dry ethanol (30 c.c.) 
under nitrogen, 1-Diethylamino-6-hydroxyhexan-3-one methiodide (9 g.) in dry ethanol was 
added to the stirred solution, After 3 days (working up after 1 day gave lower yields) the 
ethanol was removed, water was added, and the product isolated by ethereal extraction. 
Distillation of it under reduced pressure gave 1-2’-hydroxyethyl-7 : 7: 10-trimethyl-A™- 
octal-2-one (1-9 g.), b. p, 126—-130°/0-01 mm., n?* 1-5309 (Found: C, 76-5; H, 10-0. C,,H,,O, 
requires C, 76-3; H, 10-2%). Light absorption in EtOH : Max. 2620 A (e 17,000). Infrared 
absorption bands at 1663 cm. (a$-unsaturated ketone), 3400 cm. (~OH), 1385 cm. (gem- 
dimethy!), 1375 cm.“ (angular methyl), 1362 cm.* (gem-dimethyl). The 2: 4-dinitrophenyl- 
hydvazone was obtained as prisms (from ethyl acetate~methanol), m. p. 228—231° (Found : 
C, 60-36; H, 676; N, 13-6. C,,H,,O,N, requires C, 60-6; H, 6-75; N, 13-45%). Acetylation 
(acetic anhydride-pyridine) afforded 1-2’-acetoxyethyl-7 : 7 : 10-trimethyl-A™-octal-2-one, b. p. 
(bath) 100-—115°/0-05 mm., n° 1-6184 (Found : C, 73-5; H, 9-55. C,,H,,O, requires C, 73-35 ; 
H, 94%). 

Hydrogenation of 1-2'-Hydvroxyethyl-7 : 7: 10-A!™-octal-2-one (XXVII).—-The keto-alcohol 
(930 mg.) was hydrogenated in ethanol (50 c.c.) with a previously hydrogenated palladium- 
charcoal catalyst (360 mg.; approx. 8% of Pd), The hydrogenation was stopped after 13 min. 
during which 1-11 mol, of hydrogen had been absorbed. After removal of the catalyst and 
solvent the residue was distilled under reduced pressure, giving an oil (875 mg.), b. p. (bath) 
150-—170°/0-01 mm., n® 1-4970-—1-5008 (various fractions). The infrared absorption of an 
intermediate fraction (nt 1-5000) indicated that there was a mixture of unsaturated ketone and 
saturated ketone in the ratio 5; 4. The mixture could not be resolved by chromatography. 

Lithium-Ammonia Reduction of 1-2'-Hydroxyethyl-7: 7: 10-trimethyl-A™-octal-2-one 
(XXVII).--(a) The keto-alcohol (350 mg.) in dry ether (10 c.c.) was added dropwise to a solution 
of lithium (400 mg.) in liquid ammonia (80 c.c.), After 16 minutes’ stirring ammonium chloride 
was added until the blue colour no longer remained, After evaporation of most of the ammonia 
the mixture was poured into water. Extraction with ether gave an oil, n#* 1-5283, the light 
absorption of which in ethanol (Max. 2530 A; ¢ 17,000) indicated that no reduction of the 
of-unsaturated ketone system had occurred, 

(b) The keto-alcohol (3-26 g.) was dissolved in liquid ammonia (200 c.c.) and ether (50 c.c.) 
Lithium (2-5 g.) was added in small pieces and the mixture was stirred for 45 min. Dry ethanol 
was then added dropwise until the initial blue colour no longer remained, After evaporation 
of most of the ammonia the mixture was poured into water. Ethereal extraction gave a solid 
residue which was crystallised from ethanol-water, to give 1-2’-hydroxyethyl-7 : 7 : 10-trimethyl- 
trans-decal-2-one (XXXVI) as rods (1-8 g.), m. p. 142—146° (Found: C, 75-55; H, 108. 
CysH yO, requires C, 75-6; H, 110%). Infrared absorption (melt): bands at 1707 
and 3450 cm."!. 

Repetition of the above experiment on three times the scale afforded an oil which was 
chromatographed on alumina which had been deactivated with 5% (by weight) of dilute acetic 
acid (10% in water). The only crystalline product isolated was eluted with ether and crystal- 
lised from light petroleum, to give 1-2’-hydroxyethyl-7:'7 : 10-trimethyl-trans-decal-2-ol 
(XXXVII) (2-8 g.) as plates, m. p. 98—100° (Found: C, 75-35; H, 11-8. C,,H,,O, requires 
C, 750; H, 11-75%). Infrared absorption (melt): bands at 3300(s) and 1035 cm.'; no 
bands between 1650 and 1750 cm.". 

Reaction of 1-2'-Hydroxyethyl-7 : 7: 10-trimethyl-trans-decal-2-one with Methylmagnesium 
lodide.The keto-alcohol (1-15 g.) was added to a solution of methylmagnesium iodide {from 
magnesium (1 g.) and methyl iodide (4 c.c.)} in ether (25 c.c,.), and the resulting solution was 
heated under reflux for 90 min, Solid ammonium chloride was then added, followed by dilute 
hydrochloric acid. Extraction with ether gave an oil which was chromatographed on alumina 
(110 ¢.) which had been deactivated as above. Benzene—ether (300 c.c.; 7:3) eluted an oil 
(450 mg.) which solidified on trituration with light petroleum and recrystallised from the same 
solvent, to give 1-2’-hydroxyethyl-2: 7:7: 10-tetramethyl-trans-decal-2(ax)-ol (XXXVIII) 
as plates, m. p. 117--119°. The diol was characterised as the monophenylurethane which was 
obtained as plates (from light petroleum), m. p. 144-6—-146° (Found : C, 74-05; H, 9-5; N, 3-95. 
CysHy,O5N requires C, 73-95; H, 945; N, 3-75%). Further elution of the alumina with 
benzene-ether (500 c.c.; 1:1) gave a solid (485 mg.) which crystallised from light petroleum 
to give 1-2'-hydroxyethyl-2 : 7:7: 10-tetramethyl-trans-decal-2(e)-ol (XX XIX) as plates, m. p. 
116--119°, depressed to 85-—90° on admixture with the less polar diol (Found : C, 75-5; H, 12-1. 
requires C, 75-5; H, 11-09%). 


( TL 149! " 
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472. Phthalaldehydes and Related Compounds, Part VII.* Further 
Applications of the N-Bromosuccinimide Preparative Method. 


By Joun Brarr, W. R. Locan, and G. T. Newson. 


A new synthesis of gladiolic acid from 5-methoxy-6-methylphthalan-4- 
carboxylic acid is described which uses the N-bromosuccinimide method, 
Opianic acid and 3-bromo- and 3-methyl-opianic acid have been similarly 
prepared from the corresponding phthalides, and 4: 5-dimethoxyphthal- 
aldehyde from 4: 5-dimethoxyphthaly! alcohol 


ALTHOUGH gladiolic acid (I; R = Me, R’ = H) ¢ had been synthesised! by oxidation 
of 4-formyl-7-methoxy-6-methylphthalide (11; R = Me, R’ =H, R” «= CHO) with 
periodate, the synthesis could not be achieved * from the analogous 4-chloromethyl com- 
pound (I1; R = Me, R’ = H, R” = CH,Cl) by treatment with N-bromosuccinimide and 
subsequent hydrolysis. The latter method had been effective * for the preparation of 
3-formylopianic acid (IL; R = OMe, R’ = H) from 4-chloromethylmeconin (II; R = OMe, 
Rk’ = H, R” = CH,Cl), but failed also for two other 4-chloromethylphthalides (II; R «= 
OMe, R’ = Me* or OMe, R” = CH,Cl). However, application of the N-bromosuccin- 
imide method to phthalancarboxylic acids, which had previously been used * * to convert 
the acids (II1; R = OMe, R’ = H, Me, or OMe) into the respective phthalaldehyde- 
carboxylic acids ([; R = OMe, R’ = H, Me or OMe), has now been successful for the 
synthesis of gladiolic acid. 

The requisite 5-methoxy-6-methylphthalan-4-carboxylic acid (II1; RK = Me, R’ = H) 
was obtained by isomerisation of 4-hydroxymethy!-7-methoxy-6-methylphthalide ® (II; 
R = Me, R’ = H, R” = CH,OH) with methanolic sodium methoxide, a further example 
of the hydroxymethylphthalide—phthalancarboxylic acid rearrangement.** Treatment 
of this acid (III; R = Me, R’ = H) with N-bromosuccinimide and subsequent hydrolysis 
of the intermediate was followed by isolation of gladiolic acid as its hydrate triacetate 
(3-acetoxy-4-diacetoxymethyl-7-methoxy-6-methylphthalide). The last compound has 
been hydrolysed to gladiolic acid by hot mineral acid. The yield of gladiolic acid hydrate 
triacetate was 11%, as compared with 10%, in the less convenient periodate method." 

Three further phthalaldehydic acids and one o-phthalaldehyde have also been prepared 
by the N-bromosuccinimide method. Of special interest was the preparation of opianic 
acid (5: 6-dimethoxyphthalaldehydic acid) (V; R < CO,H, R’ « H) from meconin (II; 
R . OMe, R’ = R” = H) in spite of the presence of an easily substituted 4-position in 
the latter. 4-Bromomeconin (Il; R = OMe, R’ = H, R” = Br), the product obtained 
when meconin is treated with bromine in acetic acid,* was also converted by N-bromo- 
succinimide into 3-bromo-opianic acid? (V; R = CO,H, R’ = Br), which was reduced by 
sodium borohydride back to the parent phthalide. The phthalide was also converted into 
3-bromo-opianic acid by successive reaction with dimethylamine, oxidation by chromic 


* Part VI, J., 1954, 3935. 
+ For convenience only this tautomeric form is shown 


' Brown and Newbold, J., 1964, 1076 

* Idem, J., 1953, 3648 

* Idem, J., 1952, 4878. 

* Blair and Newbold, J., 1954, 3935. 

* Brown and Newbold, J., 1953, 1285 

* Perkin and Robinson, J., 1911, 99, 775 

’ Prinz, J. prakt. Chem., 1881, 24, 363; Wegscheider, Monatsh., 1883, 4, 267 
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acid, and hydrolysis following the method of Blair, Brown, and Newbold.* 4-Methy!- 
meconin® (Il; RK = OMe, R’ = H, R” = Me) was smoothly converted into 3-methyl- 
opianic acid (V; R =CO,H, R’ = Me) by the N-bromosuccinimide method. Both 
4-methylmeconin and 3-methylopianic acid gave 3-methylhemipinic anhydride (3 : 4-di- 
methoxy-6-methylphthalic anhydride) on oxidation with alkaline permanganate. We 
have been unable to transform this anhydride into 3-methylhemipinic acid; the anhydride 


OMe Me OMe 
| CO;H " “0 i 

a R/ F CH;OH 

CHO RY i | R’ 
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eparates on acidification of an alkaline solution of the acid. This behaviour is not with- 
out precedent since certain other 3 : 6-disubstituted phthalic acids pass readily into their 
anhydrides. 

m-Meconin (the lactone of LV; R == H, R’ - CO,H) was reduced by lithium aluminium 
hydride to 4: 5-dimethoxyphthalyl alcohol ([V; R = H, R’ = CH,’OH), oxidation of 
which with N-bromosuccinimide, following the usual procedure, gave 4 : 5-dimethoxy- 
phthalaldehyde (V; R =< H, R’ = CHO) in good yield. The phthalaldehyde was charac- 
terised by the formation of its isonaphthazarin derivative (2 : 3-dihydroxy-6 : 7-dimethoxy- 
1 : 4-naphthaquinone); the latter compound has been obtained ™ from the crude product 
of reduction of 4 : 5-dimethoxyphthalic bis-N-methylanilide by lithium aluminium hydride 
but detailed experimental directions were not given. In contrast with the behaviour of 
4: 5-dimethoxyphthalyl alcohol, the 3; 4-dimethoxy-alcohol (IV; R = CH,OH, R’ = H), 
readily obtained by reduction of meconin with lithium aluminium hydride, did not yield a 
crystalline product on reaction with N-bromosuccinimide and subsequent hydrolysis under 
the same conditions. 


EXPERIMENTAL 

Ultraviolet absorption spectra were determined in EtOH solution unless otherwise stated ; 
for other general directions see J., 1954, 3935. All N-bromosuccinimide reactions were carried 
out with irradiation from an adjacent 60 w lamp. 

5-Methoxy-6-methylphthalan-4-carboxylic Acid (111; R = Me, R’ «= H).—-4-Hydroxymethy] 
7-methoxy-6-methylphthalide (600 mg.) was heated under reflux for 7 br. with a solution of 
methanolic sodium methoxide from sodium (328 mg.) and methanol (15 c.c.). Isolation of the 
product as described under the preparation of 5 : 6-dimethoxyphthalan-4-carboxylic acid * gave 
5-methoxy-6-methylphthalan-4-carboxylic acid (660 mg.) which separated from water as needles, 
m. p. 131--132° (Pound: C, 63-8; H, 56%; equiv., 207. C,,H,,O, requires C, 63-45; H, 
58%; equiv, 208), It had pK, 3-13. Light absorption: Max. at 2140 (¢ 16,000) and 2970 
(c 3000), inflexion at 2350 A (¢ 6000). 

Gladiolic Acid Hydvate Triacetate,—The foregoing acid (200 mg.) in dry benzene (12 c.c.) and 
dry carbon tetrachloride (12 c.c.) was heated under reflux for 15 min. with N-bromosuccinimide 
(385 mg.). The cooled solution was filtered and the filtrate evaporated under reduced pressure, 
to yield a brown oil which was heated on the steam-bath with water (10 c.c.) for 14 hr. with 
frequent shaking. ‘The cooled solution was extracted with chloroform (3 x 25 c.c.), and the 
combined extracts were washed with 10% aqueous sodium hydrogen carbonate (3 x 50 c.c.). 
rhe combined aqueous washings were acidified and the crude gladiolic acid was isolated and 
converted * into the hydrate triacetate, which separated from aqueous ethanol as needles 
(39 mg.), m. p. and mixed m. p. 130—131° (lit.,) m. p. 131—132°) (Found: C, 55-6; H, 5-3. 


* Blair, Brown, and Newbold, /., 1955, 708 

* Manske and Ledingham, Canad. J. Res., 1944, 22, B, 115 

 Preund and Fleischer, Annalen, 1916, 411, 14; Alder and Vogt, ibid., 1951, 871, 137; Parker and 
Goldblatt, J. Amer. Chem. Soc., 1960, 72, 2161; Graves and Adams, ibid., 1923, 45, 2439; Helferich 
and Bodenbender, Ber., 1923, 66, 1112 

'! Weygand, Eberhardt, Linden, Schafer, and Eigen, Angew. Chem., 1053, 65, 525. 
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Calc. for C,,H,,O,: C, 55-7; H, 495%). Light absorption: Max. at 2140 (ec 37,000) and 2980 
(c 3400), inflexion at 2320 A (¢ 9000). 

4: 5-Dimethoxyphthalyl Alcohol.—m-Meconin (2-8 g.) in tetrahydrofuran (30 c.c.) was added 
during 15 min. to a refluxing part-solution of lithium aluminium hydride (1-5 g.) in tetrahydro- 
furan (80 c.c.) and refluxing was continued for 4 hr. The cooled mixture was treated with ice, 
the organic layer separated, and the aqueous phase extracted with ether (100 c.c.). The 
combined organic layers were dried (Na,SO,) and evaporated under reduced pressure, to give 
a gum which crystallised from benzene, yielding 4 : 5-dimethoxyphthalyl alcohol (2-01 g.) as 
needles, m. p. 111° (Found: C, 60-7; H, 7-4. C,,H,,O, requires C, 60-6; H, 7:1%). Light 
absorption ; Max. at 2100 (¢ 24,600), 2350 (¢ 10,200) and 2870 A (e 2900). 

3: 4-Dimethoxyphthalyl Alcohol.—Meconin (10 g.) was reduced as in the preceding experi- 
ment, to 3: 4-dimethoxyphthalyl alcohol (7-0 g.) which separated from benzene-light petroleum 
(b. p. 60-—80°) as needles, m. p. 68° (Found: C, 60-4; H, 7-5. C, 9H,,O, requires C, 60-6; H, 
71%). Light absorption: Max. at 2080 (e 20,400), 2240 (e 7700), and 2800 A (¢ 2000). The 
diacetate, prepared by the action of acetic anhydride—pyridine at room temperature for 5 days, 
separated from light petroleum (b. p. 60—80°) as needles, m. p. 58° (Found : C, 59-75; H, 6-56. 
CygH 0, requires C, 59-6; H, 64%). Light absorption: Max. at 2080 (c¢ 21,500), 2300 
(c 7100), and 2820 A (e 2200). 

4: 5-Dimethoxyphthalaldehyde,—-4 : 5-Dimethoxyphthaly! aleohol (114 mg.) and N-bromo- 
succinimide (2-1 mols.) in benzene (10 c.c.) and carbon tetrachloride (30 c.c.) were refluxed for 
15 min., during which a transient red colour appeared. The mixture was cooled, filtered, and 
evaporated under reduced pressure and the residual gum heated with water (40 c.c.) for } hr. 
on the steam-bath with stirring. The solution was extracted with chloroform (2 * 26 c¢.c.), and 
the combined extracts were washed with 10% aqueous sodium hydrogen carbonate (20 c.c.) and 
dried (Na,SO,). Removing the solvent and crystallising the residue from benzene-light 
petroleum (b. p. 60—80°) provided 4 : 5-dimethoxyphthalaldehyde (80 mg.) as needles, m. p, 165° 
(Found: C, 62-0; H, 5-5. CygH,,O, requires C, 61-85; H, 5-2%). Light absorption; Max. 
at 2050 (c 6500), 2520 (e 28,000), and 3200 A (e 7800). Acidification (Congo-red) of the sodium 
hydrogen carbonate washings with 5Nn-hydrochloric acid and isolation by chloroform gave 
m-opianic acid (20 mg.) which separated from water as needles, m, p. and mixed m. p. 185° 
(lit.,44 m. p. 187—188°). : 

2: 3-Dihydroxy-6 : 7-dimethoxy-1 : 4-naphthaquinone.—-A mixture of 4: 5-dimethoxyphthal- 
aldehyde (120 mg.), glyoxal sodium hydrogen sulphite (150 mg.) and potassium cyanide (26 mg.) 
was treated with 2n-sodium carbonate (3 c.c.) and kept at 20° for 2 hr. with constant shaking 
and free access to air, The deep blue solution was made acid (Congo-red) with 3n-hydrochloric 
acid, and the resulting red solution kept overnight at 0°. The product (40 mg.) which separated 
crystallised from water as needles, m. p. 260° (decomp,) (lit.,4 m. p. 268°) (Found: C, 57-3; H, 
4-5. Cale, for C,,H,,O,: C, 57-6; H, 40%). Light absorption: in water, max, at 2030 
(c 40,500), 2600 (¢ 38,000), and 3160 (e 10,900) and inflexion at 2100 2160 A (e 10,900); in 
0-05N-sodium hydroxide, max. at 2160 (e 18,000), 2370 (« 18,000), and 2850 (e 7000) and inflexion 
at 3050-—3200 A (e 5000). 

Opianie Acid.--Meconin (5600 mg.) in benzene (12 c.c.) and carbon tetrachloride (12 ¢.c.) was 
refluxed with N-bromosuccinimide (1-69 g., 1-5 mols.). The succinimide was removed, the 
filtrate evaporated, and the remaining gum heated with water (50 c.c,) on the steam-bath with 
stirring for 4 hr. The solid which separated on cooling crystallised from water, to give opianic 
acid (300 mg.) as needles, m. p. and mixed m. p. 147° (Found : equiv., 215. Calc. for C,,H4,0, : 
equiv., 210). 

3-Bromo-opianic Acid,—(a) Under the same conditions as in the preceding experiment 
4-bromomeconin * (500 mg.) gave 3-bromo-opianic acid (280 mg.) which separated from water 
as needles, m. p. and mixed m, p. 202° (lit.,’7 m. p. 204°) (Found; C, 41-6; H, 3-4. Cale. for 
C,,H,O,Br: C, 41-6; H, 31%). Light absorption in 0-05n-NaOH ; Max, at 2380 (e 19,000) 
and 2860 A (¢ 14,000). 

(b) 4-Bromomeconin (300 mg.) was heated at 80° in an autoclave with dimethylamine 
(35 c.c.) and ethanol (30 c.c.) for 3hr. The mixture was then treated according to Blair, Brown, 
and Newbold * involving oxidation and hydrolysis, to give 3-bromo-opianic acid (120 mg.) as 
needles, m. p. and mixed m. p. 204°. 

4-Bromomeconin.—A solution of 3-bromo-opianic acid (100 mg.) in saturated aqueous sodium 
hydrogen carbonate (10 c.c.) was kept overnight at room temperature with sodium borohydride 


Brown and Newbold, J., 1062, 4397. 
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(100 mg.). The crystalline precipitate obtained on acidification with 5y-hydrochloric acid was 
once recrystallised from ethanol, to give 4-bromomeconin (90 mg.) as needles, m. p. and mixed 
m. p. 176°, 

4-Methylopianic Acid (3: 4-Dimethoxy-6-methylphthalaldehydic Acid).—-4-Methylmeconin * 
(150 mg.) in benzene (12 c.c.) and carbon tetrachloride (12 c.c.) was refluxed for i} hr. with 
N-bromosuccinimide (164 mg., 1-3 mols.), Filtration, evaporation, and aqueous hydrolysis for 
1} hr., followed by isolation of the product by chloroform and purification through aqueous 
sodium hydrogen carbonate, gave 3-methylopianic acid (85 mg.) as needles, m. p. 191—191-5° 
(found: C, 687; H, 64. C,,H,,O, requires C, 58-9; H, 54%). Light absorption in water : 
Max. at 2130 (¢ 29,000) and 3120 (¢ 3300), and inflexion at 2490 K (e 4800). 

3-Methylhemipinic Anhydride (3; 4-Dimethoxy-6-methylphthalic Anhydride).—(a) 4-Methy}- 
meconin (200 mg.) was dissolved in hot 2n-sodium hydroxide (10 c.c.), and the solution cooled, 
treated with 6% aqueous potassium permanganate (17-6 c.c.), and heated on the steam-bath for 
10 min. After addition of methanol the mixture was cooled and filtered from manganese 
dioxide. The filtrate and washings were concentrated under reduced pressure to ca. 5 c.c. and 
acidified (Congo-red) with hydrochloric acid (d 1-16). After being kept overnight the solid 
which had separated was collected and crystallised from aqueous ethanol, to give 3-methyl- 
hemipinic anhydride (102 mg.) as needles, m. p. 186—-187° (Found : C, 59-45; H, 48. C,H); 
requires C, 59-5; H, 46%). 

(b) By the same method 3-methylopianic acid (186 mg.) gave 3-methylhemipinic anhydride 
(105 mg.), needles, m, p. 186-——-187° alone or mixed with preparation (a). 


Tue Rovar Trecunicar Cot_ece, GLascow [Received, February 13th, 1956.) 


473. Oxidation by Manganese Dioxide of Some Unsaturated Alcohols. 
By K. R. BHARUCHA. 

Oxidation of 1-phenylbut-2-yn-1-ol, the cis- and the tvans-form of the corre- 
sponding ethylenic analogue, and 4-cyclohex-1’-enylbut-3-en-2-ol to their 
respective ketones by manganese dioxide is described. The procedure is 
also utilised for the conversion of quinol into benzoquinone, 


lue ability of manganese dioxide to oxidise primary and secondary alcohols to the corre- 
sponding carbonyl compounds was first shown by conversion ! of vitamin A, alcohol into 
vitamin A, aldehyde (retinene,). It is particularly valuable for the oxidation of 
activated "' alcohols, though activation of the allylic or benzylic type is not a prerequisite, 
ince even saturated alcohols (¢.g.,, butan-2-ol and octan-l-ol) undergo oxidation,? albeit 
with difficulty and in poor yields. 

Some unsaturated alcohols, made available by other work, have been subjected to the 
reaction but without efforts to obtain optimum yields. 

1-Phenylbut-2-yn-1-ol 8 in acetone readily gave an 80% yield of phenyl propynyl ketone, 
the structure of which was confirmed by catalytic hydrogenation to butyrophenone; it 
is noteworthy in this connection that Oppenauer oxidation fails with a$-acetylenyl- 
carbinols.4 The cts- and the érans-form of 1-phenylbut-2-en-l-ol in acetone similarly 
yielded phenyl propenyl ketone in ca. 70% yields. An attempt to establish the stereo- 
chemical course of the oxidation by characterisation as solid derivatives was frustrated 
by the isolation of a semicarbazinosemicarbazone, in place of the expected semicarbazone, 
on treatment of the ketone derived from the cis-alcohol with semicarbazide under the 
usual conditions. However, in view of the earlier work,® it appears that geometrical 
configuration is preserved if stereomutation is precluded during the isolation. 

4-cycloHex-1'-enylbut-3-en-2-ol in light petroleum gave the corresponding diene-ketone, 
isolated as its 2: 4-dinitrophenylhydrazone, and quinol in acetone gave a 54% yield of 
p-benzoquinone. 

' Ball, Goodwin, and Morton, Biochem. J., 1948, 42, 516 

* Harfenist, Bavley, and Lazier, /. Org. Chem., 1954, 19, 1608. 

* Braude and Coles, J., 1951, 2078 

* Heilbron, Jones, Lewis, Richardson, and Weedon, J., 1949, 742. 

* Dalvi and Morton, Biochem. ]., 1951, 60, 43; Curtin, Johnson, and Steiner, J. Amer. Chem. Soc., 
1955, 77, 4666, 
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EXPERIMENTAL 


Ultraviolet absorptions refer to EtOH solutions unless otherwise stated. Distillations 
were carried out in nitrogen. Acetone was purified by distillation over potassium permanganate 
and dried (K,CO,), Manganese dioxide was selected from commercial sources, according to 
the procedure of Weedon and Woods, and dried over P,O, in a vacuum-desiccator. 

Phenyl Propynyl Ketone.—A solution of 1-phenylbut-2-yn-1-ol * (3-0 g.) in acetone (120 c.c.) 
was shaken at 20° for 6 hr. with manganese dioxide (30 g.), then filtered, and the residue washed 
well with acetone. Evaporation of the combined filtrates im vacuo gave the crude ketone 
(2-99 g.), mi? 15618, whose absorption indicated a purity of ca. 90%. Distillation gave phenyl 
propynyl hetone (2-47 g.), b. p. 79-—80°/0-7 mm., n? 1-5638 (Found ; °C, 83:45; H, 69. C,,H,O 
requires C, 83-3; H, 56%). Light absorption: max. 2580 A (e 14,000); infl. 2630 A (e 13,600). 
The 2: 4-dinitrophenylhydrazone (from 0-2 g. of ketone) crystallised from chloroform in orange 
prisms (0-1 g.), m. P. 232—233° (Found: N, 16-75. C,¢H,,O,N, requires N, 17-3%). Light 
absorption in CHCl,: main max. 3040 A (e 31,000). The somicarbasone crystallised from 
aqueous ethanol in needles, m. p. 185-—186° (decomp.) (Found: N, 21-2. C,,H,,ON, requires 
N, 20-90%). Light absorption: max. 2260 and 2980 A (e = 21,000, 20,000). 

The ketone (1-04 g.) was shaken in ethyl acetate (30 c.c.) under hydrogen with 10% palladium 
chloride-calcium carbonate catalyst (0-1 g.) (H, auweel 340 c.c, at 14°/762-7 mm.; 2 molar 
proportions). Removal of the catalyst and solvent, followed by distillation, gave butyrophenone 
(0-82 g.), b. p. 90-—100° (bath) /0-7 mm., ni? 1-5190. The 2: 4-dinitrophenylhydrazone (from 
0-2 g. of ketone) crystallised from ethyl acetate in prisms (0-2 g.), m. p. and mixed m. p, 192—-193° 
(Evans 7 gives m. p. 190°). 

cis-1-Phenylbut-2-en-1-ol,—-The alcohol was prepared in 73% yield by the partial hydro- 
genation of the acetylenic analogue as described by Braude and Coles * (except that a 10% 
palladium chloride-calcium carbonate catalyst was used), and had b. p. 79-—-80°/0-7 mm,, 
n®? 1-6371,. 

Phenyl Propenyl Ketone.—(a) A solution of the preceding cis-alcohol (3-5 g.) in acetone 
(150 c.c.), shaken at 20° for 6 hr. with manganese dioxide (35 g.), yielded phenyl propenyl 
ketone (2-61 g.), b. p. 56—-57°/02 mm., mn? 1-5471 (Found: C, 82-4; H, 7:55. Cale 
for CyyH,O: C, 82-15; H, 69%). The semicarbaz.nosemicarbazone crystallised from water 
in prisms, m. p. 191—192° (Found: N, 29-6. Cale, for C\,H,,O,N,: N, 30-2%) (von Auwers* 


gives m. p. 195—197°). Light absorption: max. 2690 A (¢ 13,000); inf. 2780 A (e 11,000). 
(b) trans-1-Phenylbut-2-en-l-ol® (3-56 g.) similarly gave phenyl tvans-propenyl ketone 


(2-4 g.), b. p. 71—72°/0-6 mm., n® 1-5591 (Found: C, 815; H, 7:26%) (Dufraisse and 
Demontvignier ® give b. p. 111—112°/9 mm., n}? 1-5626). 
4-cycloHex-1'-enylbut-3-en-2-one.—4-cycloHex-l’-enylbut-3-en-2-ol™ (05 g.) in light 
petroleum (b. p. 40—60°; 50 c.c.) was shaken at 20° for 3 hr. with manganese dioxide (5 g.), 
Isolation as usual gave the crude ketone (0-4 g.), n¥? 15370, whose 2: 4-dinitrophenylhydrazone 
crystallised from ethyl acetate in dark red prisms (0 32 g.), m. p. and mixed m., p. 199° (Heilbron 
et al. give m. p. 196°). 
p-Benzoquinone.—Quinol (5 g.) in acetone (206 c.c.) was shaken for 30 min. at 20° together 
with manganese dioxide (60 g.). Isolation as usual gave a dark solid, which was extracted 
with benzene. The resulting reddish-yellow solution was dried (CaCl,), filtered, and treated 
with charcoal (1 g.). The golden-yellow filtrate was concentrated in vacuo and chilled at 0°, 
whereby benzoquinone (2-7 g.; 54%; m. p. and mixed m. p. 112—114°) was obtained, 


Analyses and light absorption 
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474. The Ionization of Ethyleneimine and Polyethyleneimine. 
By E. J. Suerwerp and J. A. KitcHener. 

The titration curves of ethyleneimine and polyethyleneimine have been 
determined in the presence and absence of potassium chloride. The former 
behaves as a normal base of strength pk, = 7-88; the latter gives an unusual, 
highly extended, titration curve. The early part of the curve corresponds to 
titration of a few primary NH, end-groups of pK == 9-0; the middle section 
is the titration of -(CH,],“NH-[(CH,], groups of pK, = 10-0 and is influenced 
by the chain polyelectrolyte interaction effect according to the theory of 
Katchalsky et al,; at high degrees of ionization intense interaction from two 
neighbouring *-NH,** groups at 3-7 A distance greatly depresses the pH curve. 
In order of magnitude this effect is accounted for by the Kirkwood-West- 
heimer theory. 


Tue titration curves of weak poly-acids or poly-bases are well known to differ markedly 
from those of the corresponding monomers. The curves extend over a much wider range 
of pH than indicated by the Henderson—Hasselbach formula for the titration of an ordinary 
monobasic acid, namely, 


pH = pK + loga/(l—a) . . Mts ok ub ee 


(where « is the degree of neutralization) ; as « increases, the growing charge on the poly-ion 
has the effect of progressively weakening the remaining acid (or base) groups. 

Several theoretical treatments of this effect have been put forward, Those assuming a 
spherical poly-ion are appropriate only to proteins and hyper-coiled chain molecules at 
low values of «, while other treatments based on a rod model are applicable only to highly 
extended chain molecules, ¢.g., intrinsically stiff polyelectrolytes, or flexible chain poly- 
electrolytes at high values of « in media of low ionic strength. A more versatile theory 
for flexible chain polyelectrolytes is that of Kuhn, Ktinzle, and Katchalsky,! further 
developed by Katchalsky and his co-workers.* 4.4 

This theory allows for the expansion of the statistical coil which occurs, on account of 
mutual repulsion of segments of the chain, when a polymer becomes ionized. The indi- 
vidual acid or base groups are considered to retain their normal chemical affinity, but the 
total free energy of the polymer molecule is dependent also on (a) the energy required for 
the stretching of the molecules from their normal end-to-end distance, 4p, to a greater 
average length, 4, (b) the energy required for the building of the ionic atmospheres (of 
reciprocal Debye “ thickness,”’ «), and (c) the repulsive energy due to interaction of the 
v fixed charges, which are considered to be uniformly distributed over the N statistical 
chain elements (each of length A). It seems reasonable to suppose that as the chain becomes 
ionized, it may also become inherently less flexible, for steric and soivation reasons. Kat- 
chalsky and Lifson® therefore modified Kuhn, Kiinzle, and Katchalsky’s statistical chain 
theory by assuming that the number of monomer units, S, comprising one “ statistical 
clement " increases linearly with the degree of ionization, «, from that for the un-ionized 
polymer, S», to that for the fully ionized polymer, s;. On this basis, and with introduction 
of certain reasonable approximations, Katchalsky and Lifson gave the following equation 
for potentiometric titration : 

[ 


4 a Qve | 6h 
- pho log 5 a Dhkl og (1 5) : 


(Here D = dielectric constant, e = electronic charge, and pK, is the intrinsic dissociation 
constant.) Methods of estimating hy, 4, and s have been given by Katchalsky ef al.,*4 


' Kuhn, Kiinzle, and Katchalsky, Helv. Chim. Acta, 1948, $1, 1044; J. Polymer Sci., 1960, §, 283 
* Katchalsky and Gillis, Ree. Trav. chim., 1949, 68, 879. 
* Katchalsky and Lifson, /. Polymer. Sci., 1953, 11, 409. 

Katchalsky, Shavit, and Eisenberg, ibid., 1954, 18, 69 
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and it has been demonstrated that the theory represents fairly well the middle part of the 
titration curves of substances such as poly(methacrylic acid).* 

In view of the success of Katchalky’s theory in a number of cases, it was of interest to 
see whether it could account for the remarkable titration curve exhibited by polyethylene- 
imine, (*(CH,’CH,’NH’),. 


EXPERIMENTAL 


Materials.-Ethyleneimine was prepared, via 2-aminoethyl hydrogen sulphate, by Wenker's 
method.’ It was stored in a refrigerator over solid potassium hydroxide. 

Polyethyleneimine was prepared from the monomer as follows, The polymerization is 
catalysed by acids, but is liable to be dangerously explosive if strong acids are added to neat 
monomer, A mixture containing 25 g. of ethyleneimine, 25 ml. of methanol, and 1 g. of acetic 
acid was kept at room temperature for 10 days and then heated in a sealed ampoule at 100° for 
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12 hr. to complete the reaction. The highly viscous product was diluted with water, and the 
solution passed down a column of strong-base ion-exchange resin (Deacidite FF) in the hydroxyl 
form to remove acetic acid and carbon dioxide (absorbed from the air). 

Titrations,—Solutions of free-base ethylencimine and polyethyleneimine were titrated under 
nitrogen by means of the glass electrode with hydrochloric acid, alone, and in the presence of 
0-1 and 1-On-potassium chloride, At low values of pH the correction for the free acid present 
was determined from a blank titration. The results obtained are shown in Figs. 1 and 2. 

Molecular Weights of Polyethyleneimine..Only very approximate values for molecular 
weight and dimensions, etc., of polyethyleneimine are needed for the purpose of testing the 
applicability of the Katchalsky theory. The molecular weight is relatively low. Kern and 
Brenneisen * have provided data on the viscosity and osmotic pressure of solutions of the free 
base; by use of their results, the degree of polymerization of the sample used in the present 


* The theory cannot be expected to apply to polymethacrylic acid at very low values of a, as this 
substance is then hyper-coiled by hydrogen bonding; also, at high values of a, and low salt concen- 
tration, the molecule is practically fully extended, and the rod model is then a more appropriate 
approximation. 

’ Wenker, ]. Amer. Chem. Soc., 1936, §7, 2328; cf. Org. Synth., 30, p. 38. 

* Kern and Brenneisen, J. prakt. Chem., 1941, 159, 219 
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work was estimated from viscosity measurements to be about 40 monomer units. An inde- 
pendent estimate made by determining the minimum amount of cross-linking agent (ethylene 
dibromide) required to produce an insoluble gel, assuming an average of 1 cross-link needed per 
chain, indicated 35 units. These figures are of the same order as those found by previous 
workers for polyethyleneimine prepared under different conditions. 


DISCUSSION 


Ethyleneimine.—lf pK, is the negative logarithm of the thermodynamic dissociation 
constant of the conjugate acid of ethyleneimine, (CH,),NH,*, the usual treatment gives 


pH = pK, — log ((CH,),NH,*}/(CH,),NH] — log f, 


where f, is mean ion activity coefficient, and the activity coefficient of the uncharged species 
is assumed to be unity. For the titration in absence of salt, f, was assumed to be the 
same as for ammonium chloride (0-85); this titration gave a value of pK, of 7-88. 
Similarly, the titration in presence of N-potassium chloride, f, being taken as 0-58, gave 
pK, «7-93. The former value is likely to be the more reliable, as activity coefficients are 
subject to less uncertainty in more dilute solutions. 

Polyethyleneimine,—Although the theory of Katchalksy et al. is applicable strictly 
only to a polyelectrolyte of high molecular weight and at moderate degrees of extension, 
the effect proves not to be very sensitive to variation of the parameters which must be 
assumed in the calculation, and its application to the titration curve of polyethyleneimine 
gives a useful indication of the magnitude of the polyelectrolyte interaction effect. 

The following values were assumed ; degree of polymerization, z = 43; hydrodynamic 
length of monomer, 6 = 3-74 A; the number of monomers per statistical chain element, 
s, was taken to be the same as in polyethylene glycol,* namely, 2-5, and assumed inde- 
pendent of degree of ionization; the reciprocal of the Debye atmosphere radius, x, was 
calculated to be 1-08 x 107 cm."!; the root-mean-square end-to-end distance, hg, for the 
un-ionized molecule (zsb*)t < 3-88 x 10-7 cm. The equilibrium mean length at a degree 
of ionization, «, was determined by solving the equation : * 


. o0(4)) 
: 2 zh tera? f 2 
kl ( th ) 14 zh eal in (1 sh ) 6h/Khy 


h,* h Kh? 


ae 
: (3 Dh ~ 


zb 


( 
As s, was assumed the same as 5», the last term in equation (2) disappears; the simplified 
equation (3), applicable to poly-bases, was used to calculate the value of pKy. The results 
of these calculations are summarized in Table 1. 


: % 6h 
pH pKy log j — 2 5 (1 { i) | ay en 


TABLE 1, Titration of polyethyleneimine with HC| in presence of O-In-KCl. 

pH a hjh,’* pK, pH a hih’* pk, a hih,’* pk, 
10-62 0-023 1-01 912 897 0-306 224 10-07 , 0-632 3-60 9-54 
10:48 0-032 1-03 9-20 845 0-408 278 10-09 , 0-735 3°89 9-04 
10-42 0-040 1-04 931 806 0-488 310 = =610-06 ‘72 O828 408 8°38 
10-24 0-061 1-09 9-42 793 0-510 312 10-04 ‘ 0-881 4:17 8-02 
968 0-150 1-45 9-75 761 0-556 3-38 9-92 3° 0-942 4:27 7-77 
040 0-204 1-74 BS 718 0-606 3-61 9-72 0-983 8431 7:86 
* hy’ is the most probable end-to-end distance of the molecule in its un-ionized form; hy’ = h,y/ (2/3); 
A is the equilibrium length in the partially ionized state. 


The progressive expansion of the chain molecule on ionization is reflected in the values 
of h/h,’ in the third column; the completely stretched molecule would have h/Ag’ ~ 5. 


’ Seatchard and Prentiss, ]. Amer, Chem. Soc., 1933, 65, 4355 
* Kuhn, W., and Kuhn, H., Helv. Chim. Acta, 1943, 26, 1451 
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Assumptions in the theory, and the fact that it has been applied to a low-molecular- 
weight polymer, indicate that it should be valid only in ‘he central region of the titration 
curve, 1.¢., where the chain is appreciably, but not highly, extended. In fact, the theory 
is seen to fit very well over the range 0-3 < a < 0-5, the value obtained for pK, being 
constant within the experimental error at 10-0(6). 

For comparison, the Henderson—Hasselbach titration curve for a monomeric acid of 
pK = 10-0 is also shown in Fig. 3. The effect of electrostatic interaction between the 
chain segments amounts to a depression of the titration curve by 2-0 pH units at a = 0-5, 

It is evident, however, that the polyelectrolyte theory does not account for the titration 
curve at high degrees of ionization; around « = 0), the groups appear to be about 2 pH 
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units weaker than predicted. There is no reason to think that these groups are chemically 
different from the rest. It is probably significant that the deviations set in immediately 
above « = 0-5, for then every new NH group ionized must be situated between two which 
are already ionized, thus -N*HyCH,CH,NH-CH,°CH,'N*H,-, with only two carbon 
atoms between adjacent nitrogen atoms. In these circumstances, it is clearly unrealistic 
to apply the polyelectrolyte theory in which the charge is treated as uniformly distributed 
over the segments of a coil situated in a medium having a dieletric constant of 80. Instead, 
the interaction between neighbouring groups must be considered 


TABLE 2. 
1 Dibasic acids Diacidic bases 

No. of C atoms - rN ; An 
between ionic sites Acid ‘ c Apk Base px, pk, 
2 Oxalic ‘ y 3-0 Ethylenediamine 10-0 74 
: Malonic ‘ ° 2-7 Trimethylenediamine 10-6 86 
Succinic 1. 
Glutaric , , 1. 
Adipic I. 


3 Tetrameth ylenediamine 10-4 93 
I Pentamethylenediamine 110 97 13 
0 Octamethylenediamine 11-0 10-1 09 


Table 2 gives some examples of the magnitude of the electrostatic influence of neighbour- 
ing acid or base groups separated by only afew carbon atoms. The value of ApK (= pK, 
pX,) is proportional to the electrostatic energy required to remove a proton from the 
second ionization centre against the field exerted by the first. It is well known that the 
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magnitude of such ApK values is approximately accounted for by the theory of Kirkwood 
and Westheimer 7 which allows for the fact that the medium between the two centres is 
partly composed of paraffinic matter of low dielectric constant. 

Electrostatic interaction in a number of simple polyamines has been shown by Rometsch, 
Marxer, and Miescher ! to be an approximately additive effect when two or more ionized 
groups are within range. The average increments of pK found for different numbers of 
intervening carbon atoms were 3-1 for 2C, 2-0 for 3C, 1-1 for 4C, 1-0 for 56C, 1-0 for 7C, 0-9 
for 8C. In the present work, the thickness of the diffuse double layer of counter-ions was 
about 10 A and the N-N distance about 3-7 A. Consequently, only near-neighbour sites 
will interact strongly, with possibly a small contribution from next-but-one sites, as the 
effect of more distant sites will be largely cancelled by their counter-ions. Hence, one would 
estimate the displacement of pK to be about 2 x 3-126 pH units. This is precisely the 
displacement (from the Henderson—Hasselbach line) found with polyethyleneimine at high 
degrees of ionization (a ~ 0-9). 

The conclusion is therefore reached that the titration curve of polyethyleneimine can 
be regarded as consisting of three regions. (a) At very low degrees of ionization (a = 0- 
0-06) a constant apparent pK of 9-0 is obtained from the Henderson—Hasselbach equation. 
This is almost certainly due to the presence of a few primary NH, end-groups. There is 
then a transition into a middle region, (b) (a < 0-3—0-5), where the intrinsic strength of 
the groups is pK, = 10-0 (corresponding to isolated *(CH,),"NH-[CH,],° groups) and inter- 
action of the polyelectrolyte type is present. This region is well represented by Katchalsky’s 
theory. (c) At high degrees of ionization the predominant effect is the action of the two 
near-neighbour ~NH,*~ groups. The order of magnitude of this effect is accounted for by 
the Kirkwood-Westheimer theory. 


We thank the Permutit Co. for award of a research bursary to one of us (E, J. S.). 
IMPERIAL CoLLEGe or Science, Lonpon, S.W.7 { Received, December 20th, 1955.) 


* Kirkwood and Westheimer, J]. Chem, Phys., 1938, 6, 506—513; cf. Westheimer and Shokoff, 
]. Amer. Chem. Soc., 1938, 61, 555 
* Rometech, Marxer, and Miescher, Helv. Chim. Acta, 1951, 84, 1611 


475. Hydroxylations with Potassium Manganate. 
By W. Ricpy. 


cis-Hydroxylation of double bonds can be brought about by potassium 
manganate, Though the procedure has some advantages over that involving 
permanganate, the reagent is sometimes capable of oxidising the glycol 
produced, The reaction is not simple and is catalysed by manganese dioxide. 


rue reagent formerly most used for hydroxylation of ethylenic bonds was potassium 
permanganate in dilute solution, cis-hydroxylation occurring. The yields were rarely good, 
often very poor, and the reagent has to a large extent been superseded by the more efficient 
osmium tetroxide. A plausible supposition would be that permanganate is reduced first 
by one valency unit and then by two, and that only the second stage is effective in the 
hydroxylation—the first merely producing unwanted products, or even destroying the 
desired product. Two successive stages can be isolated experimentally : many instances 
are known where the first is rapid in alkaline solution, and the second slow, e.g., reduction 
with citrate or formate. Using a large excess of permanganate in strongly alkaline solution, 
Stamm * was able to use the first stage for the analytical determination of some organic 
substances by destructive oxidation. Alternatively, when oxidations are carried out with 
permanganate in alkaline solution in the presence of barium ions manganate is removed 
from the system as sparingly soluble barium manganate (solubility product 2-46 « 10°1°; 


' Stamm, Angew. Chem., 1934, 47, 791. 
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Schlesinger and Siems*). This principle has been applied by Stamm ! to. the analytical 
determination of formate. The second supposed stage of the permanganate reaction, 
reduction of manganate to manganese dioxide, can be investigated directly. 

Potassium manganate has been little used in organic chemistry: for example, 
Tcherniac * used it for oxidation of naphthalene to phthalonic acid, the yield being one- 
third greater than when permanganate was used; and Tursin and Rusakova * oxidised 
diisopropylidene-L-sorbose, the outcome being similar to that with permanganate. 

Potassium manganate is very easily prepared by heating potassium permanganate with 
aqueous potassium hydroxide and is quite stable. Since it is most conveniently used in 
alkaline aqueous solution, alkali salts of unsaturated acids have been mainly used in this 
investigation of the hydroxylation reaction. The expected cis-hydroxylation took place 
with cinnamic, crotonic, oleic, and bicyclo{2 : 2 : | hept-5-ene-2 : 3-dicarboxylic acid; the 
yields were moderate (threo-6-phenylglyceric acid 40°, threo-a$-dihydroxybutyric acid 
ca. 25°, erythro-9 : 10-dihydroxystearic acid 32%, 5 : 6-dihydroxybieyelo{2 ; 2; |)heptane- 
2 : 3-dicarboxylic acid 50%). No 9: 10-dihydroxyundecanoic acid was isolated from the 
reaction between undecenoic acid and potassium manganate: some sebacie acid was 
produced. An emulsion of cyclohexene in aqueous alkali was rapidly oxidised by potassium 
manganate but the yield of cyclohexane-cis-1 ; 2-diol was very small; this diol is itself 
rapidly oxidised by potassium manganate under the same conditions. 

The yield of glycols from manganate oxidation of olefins is no doubt influenced strongly 
by the experimental conditions ; Tcherniac * found that the oxidation of naphthalene by 
manganate is slow and the yield poor if the solution is not dilute enough, but rapid and 
giving a good yield when dilute solutions are used. The hydroxylation is usually slow to 
start, but when some manganese dioxide has been formed it goes rapidly. Potassium 
manganate can therefore act as a hydroxylating reagent, but the experiments do not prove 
that manganate is the active agent in hydroxylations with permanganate; and while it is 
possible to formulate the hydroxylation with the manganate ion performing a function 
analogous to that of the osmium tetroxide molecule, the marked catalytic effect of 
manganese dioxide indicates that the reaction course is not sosimple. A surface reaction 
could account for the cis-hydroxylation. 


EXPERIMENTAL 


Potassium Manganate._-A solution of potassium hydroxide (85%) (1 kg.) in water (500 ml.) 
was heated at 120-——140° and crystalline potassium permanganate (700 g.) was added in 40 
50 g. portions, the effervescence being allowed to subside between additions, Heating was 
continued throughout the reaction, and the suspension of crystalline potassium manganate was 
stirred with a steel spatula, water being added occasionally to compensate for evaporation; this 
required +1 hr. The cooled product was filtered through a sintered-glass filter, and the solid 
was drained well by drawing through it a stream of carbon dioxide-free air by way of an inverted 
funnel luted to the filter; a mechanical pump was desirable for efficient draining, The product 
was an almost dry mass of fine purple crystals, very similar to potassium permanganate in the 
same state of subdivision; it contained ca. 88% of K,MnO,. The yield was ca. 1000 g. It was 
quite stable under ordinary conditions, even in a frequenily opened bottle. By centrifugation 
at 2000 r.p.m. for 10 min, the purity was raised to over 96%,, but the 88%, material was used for 
all the oxidations described and is more stable to air. 

Analysis.—The sample (0-12 g.) was added with rotation to 0-In-oxalic acid (26 ml.) and 
dilute sulphuric acid. When the manganese dioxide had dissolved, the excess of oxalic acid was 
titrated with potassium permanganate. 

Although the solid is stable, solutions, even moderately alkaline ones, are not : disproportion- 
ation into manganese dioxide and potassium permanganate takes place. A solution which 
contained initially 14-1% of K,MnO, and which was 1-5n with respect to potassium hydroxide 
contained 9-4%, after 28 days and 7-6%, after a further 66 days, 

Oxidations.—The oxidations were conducted at about 0°, the bath-temperature being only a 


* Schlesinger and Siems, J. Amer. Chem. Soc., 1924, 46, 1965 
* Tcherniac, G.P. 86,914; ef. J., 1916, 106, 1236 
‘ Tursin and Kusakova, Zhur. priklad. Khim., 1945, 18, 564; Chem. Abs., 1946, 40, 5704 
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few degrees lower, otherwise crusts of potassium salts tended to form. To start the reaction it 
was in some cases necessary to stir the solution with a small amount (0-5 g.) of the manganate at 
room temperature until it was reduced, before cooling to 0°. A stirrer capable of dealing with 
a thin sludge was necessary. The oxidations were usually carried out at the highest con- 
centration practicable, although it is probable * that these are not the best conditions. 

threo-f-Phenylglyceric Acid.—-Cinnamic acid (29-6 g.) was dissolved in water (250 ml.) with 
potassium hydroxide (85%; 14 g.), and a solution of potassium hydroxide (14 g.) in water 
(80 ml.) was then added. Potassium manganate (0-2 mole) was added in portions, with stirring 
at 0° to —3°, during I hr. and the mixture was stirred at 0° for a further } hr. Sulphur dioxide 
(30 g.) was added, the stirred suspension was acidified by dropwise addition of a mixture of 
sulphuric acid (70 g.) and water (40 ml.) and was then heated to boiling. The cooled solution, 
after filtration, was extracted continuously with ether for 12 hr. and the ether was evaporated. 
rhe residue, which contained a little oxalic acid, was washed with benzene and crystallised from 
2n-hydrochloric acid and then from water, The yield was 14—-15 g., and the m. p. 141—142°; 
individual crystals melted at 166° (cf. ref, 5) (Found: equiv., 184. Calc, for Cy,H,,O,: equiv., 
182). 
threo-a-Dihydroxybutyric Acid.—Crotonic acid (25-8 g.), potassium manganate (0-3 mole), 
potassium hydroxide (42 g.), and water (300 ml.) were used: the mixture consistently set 
suddenly to a gel 60-—656 min. after the start of the oxidation, so that it was important to have 
added all the manganate before then. After removal of the manganese dioxide, oxalic acid was 
removed by addition of barium chloride (14 g.) to the neutralised solution, and salts were 
removed by extraction of the acidified, evaporated liquor with alcohol. The threo-dihydroxy- 
butyric acid, m, p. 73-—74°, was extracted with acetone and crystallised from propyl acetate 
Isolation of the acid through its potassium hydrogen salt * was not found satisfactory; acid 
salts of variable composition and m. p, tended to be formed. 

erythro-9 : 10-Dihydroxystearic Acid.—Oleic acid (28 g.), potassium manganate (0-15 mole), 
potassium hydroxide (14 g.), and water (400 ml.) were allowed to react for 2 hr. Addition of 
sulphur dioxide (15 g.) and acidification yielded erythro-9 : 10-dihydroxystearic acid, m. p. 130 
131° (from ethyl acetate-alcohol) (9—10 g.). 

5 : 6-Dihydroxybicyclo[2 : 2: ljheptane-2 : 3-dicarboxylic Acid.—-Potassium manganate (0-11 

mole) was added with stirring during 4 hr. at —3° to a solution of cyclopentadiene—maleic acid 
adduct (18-2 g.) in water (150 ml.) containing potassium hydroxide (15 g.). Sulphur dioxide 
(15 g.) and 1: 1 (w/w) sulphuric acid—water (50 g.) were added; the mixture was heated, cooled, 
and filtered and the filtrate was extracted continuously for 50 hr, with ether. The ether was 
removed and the residue was recrystallised from 96% alcohol, to give 5 : 6-dihydroxybicyclo 
[2: 2: l)heptane-2 : 3-dicarboxylic acid (10 g.), needles, m. p. depending on the conditions of 
heating; when introduced into the bath at 150—180° the substance loses vapour and melts at 
ca, 185° (decomp.); if the substance is introduced at 185° the m. p. is above 190° (Found, in 
material dried at 140—170°: C, 50-1; H, 5-8. C,H,,O, requires C, 50-0; H, 5-6. Found, in 
material dried at 30°: C, 48-1; H, 59%; equiv., 118. C,yH,,O,,4H,O requires C, 48-0; H, 
58%; equiv., 112-5). The dimethyl ester (prepared by diazomethane) did not crystallise. 
A solution of cyclopentadiene~maleic acid adduct (1-82 g.) in water (25 ml.) was left over 
night with 1%, osmium tetroxide solution (1 ml.) and 30% hydrogen peroxide (0-5 ml.) and then 
evaporated, The residual solid, after recrystallisation from 95%, alcohol, had the same m. p. 
and mixed m. p, as that prepared by the manganate oxidation. 


Curmistry Department, Birxeeck Cotitece, Lonpon, W.C.1. (Received, January 26th, 1956.) 
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476. Interdependence of Molecular Conformation and Conjugation 
in Aromatic Ethers. Part I. 


By G. Bappeey, N. H. P. Smiru, and M. A. VicKars. 


The ultraviolet absorption spectra and rates of bromination of the methyl 


ethers of o-cresol and 2: 6-xylenol* and the ethers o-C,H, (CH les and 
PhOR, where n is 5, 6, and 7 and R is Me, Et, Pr’, and Bu‘, and the rates of solvo- 
lysis of their chloromethyl derivatives in 90% aqueous ethanol have 
been determined, The extinction coefficients of methyl 2: 6-xylyl ether, 
tert.-butoxybenzene, and homochroman, the rates of bromination of these 
ethers, and the rates of solvolysis of their chloromethyl derivatives are all 
comparatively small. The data are explained in terms of increase of 
steric interaction with decrease of 0, the interplanar angle of the ether group 
and the benzene ring. 


IN EARLIER papers ! the effect of alkyl groups (R) and of the value of m on the rates of 
unimolecular solvolysis of the chlorides (1) and (I1) respectively and on the basic strengths 
of the corresponding amines NHPhR and o-C,HyNH*(CH,), 3, have been shown to 
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incorporate changes of steric interaction effected by differences in conformation between 
reactants and transition states or between reactants and products. In all these instances, 
changes in conformation which may accompany reaction occur in the vicinity of the 


* OH 1 (cf. J., 1952, 5001; 1953, 4202) 
! Baddeley, Chadwick, and Taylor, /., 1961, 368; 1954, 2405; 1956, 448, 461 
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reaction centre and effect changes in steric interaction of the groups attached thereto. We 
now show that chemical reactivity may be similarly affected by changes in conformation 
at a distance from the reaction centre. The present work concerns a number of aromatic 
ethers and their chloromethyl! derivatives and serves further to provide evidence for a 
relation between conformation and conjugation of an ether-oxygen atom and a benzene 
ring which until now has received very little attention. 

Our choice of aromatic ethers was based on the following considerations : (i) Mesomeric 
interaction in alkoxybenzenes (III) might be hindered if the alkyl group is sufficiently 
bulky, as, for example, when it is tert.-butyl, to prevent the O-R bond from occupying the 
plane of the benzene ring, 1.¢., the position for most effective resonance stabilisation. 
(ii) When R is methyl, conjugation should be significantly hindered only when both ortho- 
positions are occupied by bulky substituents (cf. V and VI). (iii) When the oxygen atom 
forms part of a ring as in (IV), conjugation should be a 
maximum when » = 5 and should decrease with increase 
in the value of n insofar as this increase rotates the O-CH, 
bond away from the plane of the benzene ring. These 
considerations are substantiated by the rates of nuclear 
bromination of the ethers, their ultraviolet absorption 
spectra, and the rates of unimolecular solvolysis of their 
chloromethyl derivatives. Ionisation of these derivatives 
is the rate-determining step in their solvolysis and is repre- 
sented by sckeme A; bromination of the ethers is kinetic- 
ally of the second order, first order with respect to ether and 
to bromine, when effected by dilute solutions (ca. 0-001m) 
of bromine in glacial acetic acid,? and is conveniently 
represented by scheme B. In both processes conjugation 
of the ether-oxygen atom and the benzene ring provides 
greater resonance stabilisation of the transition state than 
of the reactant and thereby assists reaction; should con- 
jugation be sterically hindered, the following considerations 
enable the consequent changes in reactivity to be antici- 
pated. 

Let o in the Figure be the energy content of the ether 
PhOR or its chloromethyl! derivative when mesomeric and 
steric interaction of Ph and OR groups are a minimum, #.¢., 
when the interplanar angle 6 is 90° (see VIII of the Figure ; 
the plane of the ring is perpendicular to the plane of the 
paper and is represented by a broken line). Let om, given 

- — im by —mcos* 6 where m is the mesomeric energy of stabilis- 
sta ation when 6 = 0°, and os represent the change of mesomeric 
and steric interaction respectively with change of 0. Algebraic addition of om and 
os, relative to the horizontal through 0, provides of, and the minimum at r represents 
the preferred conformation of the reactant. Again, let o* be the energy content of the 
transition state of bromination of the ether or unimolecular solvolysis of its chloromethy! 
derivative when electromeric and steric interaction of Ph and OR are a minimum, 1.¢., 
when 6, as defined above, is 90°; and let o*m*, given by —m* cos* 6 where m* is greater 
than m and is the electromeric energy of stabilisation of the transition state when 6 = 0°, 
represent the change in this energy with change in 6. Algebraic addition of o*m* and os, 
ifter the latter has heen raised so that o coincides with o*, provides o*f*, and the minimum 
at ¢ represents the preferred conformation of the transition state. 

Che energy contents of the reactant (r) and the transition state (f) are greater by the 
amounts (S, 4+- R,) and (S, + R, respectively than they would have been if steric inter- 
action were independent of 0. S, and S, are respectively energies of steric interaction, and 
R, and R, the respective losses of resonance stabilisation. Now o*f* and op converge, as 
do o*m* and om, with change of 6 from 90° to 0° and therefore the perpendicular separation 


* Robertson, de la Mare, and Johnston, J., 1943, 276 
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(t — r') > (p* — p) = (m* — m), and the energy difference between ¢ and ys, 1.¢., 
the activation energy, is greater than (¢— vr’) and is greater by the amount 
[(S, — S,) + (R, — R,)] than it would have been, i.¢., (m* — m), if steric interaction 
were independent of 6. Thus it follows that increase of steric interaction with decrease in 
the value of 6 will hinder chemical reaction by increasing the energy of activation. It is 
unwise to consider this effect as arising from steric hindrance of resonance stabilisation in 
the transition state: in fact, as in the Figure, this hindrance may be less in the transition 
state than in; the reactant, 7.¢., R, may be less than R,. 

The rate coefficients for solvolysis of the chloromethyl derivatives in 90% aqueous 
ethanol are listed in Table 1. Comparing results for compounds 1, 2, and 3 shows that the 


TABLE 1. Constants of the Arrhenius equation, k = Ae~*!**, for the formation of 
hydrogen chloride by the solvolysis of the chlorides in 90°, aqueous ethanol. 
10°... 10*ha 56 E 10714 
(min.~*) (min.~*) (keal, /mole) (min.~*) 
4:3: 6-MeO-C,H,Me,CH,Cl 3°70 20-0 
4: 3-MeO-C,H,Me-CH,Cl 510 19-6 
4-MeO-C,H,-CH,Cl 55- 130 20-6 
4-EtO-C,HyCH,Cl 2- 186 20-3 
4-Pr'O-C,H yCH,Cl 325 18°8 
4-ButO-C,HyCH,Cl 33-4 2-0 20-8 
5-Chloromethylcoumaran 2 3630 17-3 
6-Chloromethylchroman 1060 18-8 
7-Chloromethylhomochroman 18-5 21-0 


3-methyl group of 4-methoxy-3-methylbenzyl chloride effects a four-fold increase in the 
rate coefficient, and an additional methyl group in the 5-position a comparatively large 
decrease. The contrast, though a consequence of change in value of the non-exponential 
term (A) of the Arrhenius equation, is evidence for an increase in steric or space interaction 
of adjacent methoxyl and methyl groups during ionisation of the 3 ; 5-dimethyl derivative, 
an increase which more than neutralises the consequences of electron release by the 3- and 
the 5-methyl group. 
Comparing chlorides 3, 4, 5, and 6 shows that reactivity increases in the order R 

sub < Me < Et < Pr’; this is compatible with the view that these alkyl groups have an 
inductive effect which increases in the order Me < Et < Pri < But, and that that of the 
tert.-butyl group is more than counterbalanced by increase in steric interaction of this 
group and the benzene ring during ionisation of 4-¢ert.-butoxybenzyl chloride. The 


TABLE 2. Comparison of energies of activation and relative rates of solvolysis 
of the chlorides. 


Cy, are arbitrary constants 
C,HyCHRCI 4-RO-C Hy CH,Cl 
in 80% aq. EtOH in 90%, aq. EtOH 


E Ek 

(kcal./mole) log Cykgg, (kcal/mole) log Cyhy, 
20-4 3-00 20-6 3-00 
20-7 2°37 20°3 317 
22-9 1-70 18-8 352 
25-4 0-27 20°8 2-78 


-—\ ‘ 


f Sei | Lute 
CyHyCHCh{CHy}a_ 5 4-CH,CI-C,HyO(CHy) 45 C,H CHChC, Hy(CH,),- 
in EtOH in 90% aq. EtOH in EtOH 


a ener mene a ~ = 


E E E 
(kcal. /mole) , (keal./mole) log Cyhy, (kcal./mole) log C,h,, 
20-0 , 17-3 3-00 17:3 3-00 
20-2 “ 18-8 2-36 17-9 2-88 
23-9 . 210 O74 18-0 2-61 


reactivities of these chlorides vary less with change in R than do those of the aralky! 
chlorides (I). The differences (see Table 2) may be caused by hyperconjugation; this 


2458 addeley, Smith, and Vickars: Interdependence of Molecular 


provides electron release which decreases in the order Me > Et > Pr' > But and operates 
in the ionisation only of the aralkyl chlorides, 

Comparing chlorides 2, 7, 8, and 9 shows that ring closure with formation of the five- 
membered heterocyclic ring gives, doubtless as a consequence of the imposed coplanarity 
of the ether group and the benzene ring, a ten-fold increase in rate of ionisation at 0°. Much 
of this increase is lost when the ring is six-membered, and ionisation is sterically hindered 
when it is seven-membered, The reactivities of these chlorides and those of the 3-chloro- 
| : 2-benzocycloalkenes (II; nm = 5, 6, and 7) are listed in Table 2; the remarkable 
resemblance is not surprising if one assumes that, in both series of chlorides, the changes in 
steric interaction which accompany ionisation are affected equally by change in the value 
of n. This change cannot affect conjugation (cf. hyperconjugation*) in the diphenyl- 
methyl chlorides (VIL; = 5, 6, and 7) or the corresponding cations, and the reactivities 
of these chlorides are nearly independent of the value of n (see Table 2). 

The ethers were brominated at a convenient rate in glacial acetic acid (m. p. 16-1°) at 
20-0". The time intervals for 20°, consumption of bromine and therefrom the calculated 
relative rates of bromination are listed in Table 3, together with the relative rates 
of solvolysis of the chloromethyl] derivatives related to the ethers. As was expected, there 
is an overall resemblance between the two lists of rates. When the rates of bromination of 
anisole and of solvolysis of its chloromethyl derivative are used as standards for comparison, 
the rates of solvolysis are more affected by decrease in reactivity of the organic reactant 
(see Nos. 1, 6, and 9) while those of bromination are more affected by increase in reactivity. 

The ultraviolet absorption spectra of the ethers in solvent hexane have three peaks in 
the region 2500—3000 A; the values of max. and e are given in the Experimental section. 
Wave numbers and extinction coefficients for the middle peaks are included in Table 3 and, 


TawLe 3. Comparison of the ultraviolet absorption spectra and relative rates of bromination 
of the ethers and the rates of solvolysts of their chloromethyl derivatives. 


Absorption Bromination Solvolysis 

spectra in acetic acid 

Vom 107k 95-9 

(em.~*) ec (min.~*) 

1:3: 2-C,H,Me,OMe ...... 37,300 334 y { 0-037 

1:2-C,H,MeOMe . 36,800 1812 , 3 5-11 
. 36,900 1579 . 1-29 

a. 36,900 1938 2-07 

PhOPr ; 36,600 1920 3-60 
PhOBut ...... spsrenese 37,000 454 0-90 
Coumaran .......++. a 35,300 3095 36-3 
COI cite ctiets ; 36,200 2125 10°6 

Homochroman .... on 37,500 678 0-186 

* See Experimental Section 
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like the rates of bromination and solvolysis, afford evidence for steric hindrance of 
mesomerism in methyl 2 ; 6-xylyl ether, fert.-butoxybenzene, and homochroman (1, 6, and 9 
respectively), Care has to be exercised in comparing relative ultraviolet absorption spectra 
with relative rate and equilibria data, In the latter, a re-orientation of atomic nuclei, in 
hoth the reacting molecules and the surrounding solvent, takes place from ground state to 
transition state or product. 


EXPERIMENTAL 
Materials,—Ethers. Anisole, b. p. 154°/758 mm., its 2-methyl derivative, b. p. 168°/776 mm., 
n\* 1-5220, and its 2: 6-dimethyl derivative, b. p. 178°/766 mm., nj) 1-068, were obtained by 
reaction of phenol, o-cresol, and 2 ; 6-xylenol respectively with alkali and dimethyl sulphate.‘ 
Phenetole, b. p. 49-5°/8 mm., was obtained from phenol and diethyl sulphate, and isopropoxy- 
benzene, b. p. 177—-178°/760 mm., n?? 1-4989, from phenol and isopropyl iodide in the manner 


' Baddeley and Gordon, /., 1952, 2190 
* Barger and Silberschmidt, /., 1928, 2024 
* Smith, /. Amer, Chem. Soc., 1934, 56, 718 
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described by R. A. Smith.* fert.-Butoxybenzene was afforded * by acid-catalysed interaction 
of phenol and isobutene. A stream of isobutene, generated by heating a mixture of tert,-butyl 
alcohol (2 parts by weight) and sulphuric acid (1 part of 30%) under reflux condenser, was 
passed into a mixture of phenol (47 g.), carbon tetrachloride (250 c.c.), and 96% sulphuric acid 
(25 mg.) at 8°. Subsequently, the mixture was washed with 15% sodium hydroxide solution 
(5 x 75 c.c.) and water, and dried (Na,SO,). It gave tert.-butoxybenzene (25 g., 33%), b. p. 
60°/8 mm., 184°/760 mm., nf 1-4896 (Found: C, 80-4; H, 96. Calc, for C,H,,O: C, 80-0; 
H, 93%). Coumaran, b. p. 77—80°/8 mm., }?* 1.5528 (picrate,’ m. p. 75-5-—76°), was given 
by the action of aqueous sodium carbonate solution on the product of interaction of hydrobromic 
acid and 2-0-methoxyphenylethanol * (phenylurethane, m. p. 80-—-81°). Catalytic hydrogen- 
ation of coumarin over Raney nickel gave 3 : 4-dihydrocoumarin, b. p. 136-—139°/10 mm., m. p. 
24—-24-5°, which afforded 3-0-hydroxyphenylpropan-l-ol, b. p. 168—169°/6 mm. (benzoate,’ 
m. p. 98—98-5°), on reduction by lithium aluminium hydride in ether; after } hr. at 150°, a 
mixture of the propanol and syrupy phosphoric acid gave chroman (94% of theory), b. p. 
$1°/6 mm., n}/* 15513. Homochroman was prepared from 4-o-hydroxyphenylbutan-1-ol : 
A homogeneous mixture of this butanol (19-4 g.), 48°, hydrobromic acid (170 c.c.), and acetic 
acid was boiled under reflux for 3 hr. When cold, the mixture was diluted with water and 
extracted with ether; the extracts were washed with water, and the ether was removed by 
distillation. The residue, in ethyl methyl ketone (250 c.c.), was transferred to the Hershberg 
dropping funnel of a modified form of the high-dilution apparatus described by Ziegler and 
Littringhaus ” (addition was made with a Hershberg dropping funnel! rather than by slow 
displacement with mercury) and gradually added to a vigorously stirred suspension of potassium 
carbonate (40 g.) in boiling ethyl methyl] ketone (600 c.c.). After the mixture had boiled under 
reflux for 20 hr., the solvent was separated by fractional distillation, and the residue was 
filtered. Fractional distillation of the filtrate gave homochroman (11-1 g., 64%), b. p. 86 
88°/7 mm., m. p. 28—29° (Found: C, 80-9; H, 7-8. Calc, for C,,H,,0: C, 81-1; H, 81%). 
An alternative preparation involved 4-0-methoxyphenylbutan-l-ol, b. p. 160—151°/7 mm. 
(Found: C, 73-0; H, 87. C,,H,,O, requires C, 73:3; H, 89%), which was obtained by 
reduction of ethyl 4-o-methoxyphenylbutanoate * with lithium aluminium hydride; the butanol 
was converted into homochroman in the same way as was 4-o-hydroxyphenylbutan-l-ol. This 
butanol was prepared from 1-tetralone (cf. Friess ") : A moist chloroform solution of perbenzoic 
acid (1-2 mol.) * was mixed with 1-tetralone (14-6 g.) in the dark at 25°; after 7 days, the 
mixture was washed with aqueous 2n-sodium carbonate (1-2 mol.), then with water, and dried 
(Na,SO,); distillation gave the lactone (12-6 g.), b. p. 134—144°/11 mm. (Found ; acid equiv., 
153. Cale. for CygH,yO,: acid equiv., 162), of 4-o-hydroxyphenylbutanoic acid. The lactone 
(12 g.) was reduced by lithium aluminium hydride and 4-0-hydroxyphenylbutan-1-ol (6-9 g.), 
b. p. 147—149°/0-34 mm., m. p. 48—49° (Found: C, 72-7; H, 86. Cy ,H,,O, requires C, 72-3; 
H, 84%), was that part of the product which was soluble in sodium hydroxide solution but 
insoluble in a saturated solution of sodium hydrogen carbonate. 

Chloromethyl derivatives from the ethers. These were prepared from the hydroxymethyl 
compounds : solutions of these alcohols (ca. 3 g.) in light petroleum (b. p. 60-—80°; 600 c.c.) at 
0° were saturated with dry hydrogen chloride; the solutions were dried (CaCl,), solvent was 
volatilised at 40° under reduced pressure, and the residues were extracted with light petroleum 
(b. p. <40°). Removal of solvent afforded the required chloromethy] derivatives which were 
either recrystallised or flash-distilled in nitrogen at reduced pressure. This general procedure 
minimised formation of resins and afforded the following chlorides: 4-methoxybenzyl chloride, 
b. p. 80°/0-2 mm. (Found: Cl, 22-2, Calc. for C,H,OCI: Cl, 227%); 4-methoxy~-3-methyl- 
benzyl chloride, b. p. 88—90°/0-15 mm. (Found: Cl, 20-7. Cale. for C,H,,OCl: Cl, 20-8%) ; 
4-methoxy-3 : 5-dimethylbenzyl chloride, b. p. 98--99°/0-32 mm, (Found: Cl, 10-0, Cy ,H,,OCI 
requires Cl, 19-2%); 4-ethoxybenzyl chloride, b. p. 91°/0-95 mm. (Found: Cl, 20-0, Cale. for 
CyH,,OCl: Cl, 20-8%); 4-isopropoxybenzyl chloride, b. p. 88-—-90°/0-7 mm. (Found: Cl, 18-4. 
CyoHy,OCl requires Cl, 19-2%); 5-chloromethylcoumaran, needles, m. p. 41-—42°, from light 
petroleum (Found: Cl, 20-3. C,H,OCI requires Cl, 21.0%); 6-chloromethylchromam, b. p. 


* Stevens and Bowman, U.S.P. 2,655,546/1953 

’ Chatelus, Ann. Chim. (France), 1949, 4, 530. 

* Hardegger, Redlich, and Gal, Helv. Chim. Acta, 1946, 28, 631. 
* Semmiler, Ber., 1906, 39, 2851. 

'* Ziegler and Littringhaus, Annalen, 1937, 628, 155 

‘! Priess, J. Amer. Chem. Soc., 1949, 71, 14. 

‘* Braun, Org, Synth., Coll. Vol. I, 1941, p. 434 
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124°/0-15 mm. (Found: Cl, 19-4. C,,H,,OCI requires Cl, 19-56%); and 7-chloromethylhomo- 
chroman, b. p. 113°/0-2 mm. (Found: Cl, 17-7. C,,H,OCI requires Cl, 180%). 4-tert.- 
Butoxybenzyl chloride, b. p. 75—77°/0-3 mm., was obtained from the corresponding alcohol by 
the action of thiony! chloride in the presence of pyridine; it tended to decompose on distillation 
and its chlorine content was low. 

Hydroxymethyl derivatives from the ethers. 4-Methoxybenzyl alcohol,“ b. p. 131— 
132°/9 mm., m. p. 22--23° (phenylurethane,“ m. p. 90-5-—91-5°), was afforded by reduction of 
p-anisaldehyde with lithium aluminium hydride; the experimental procedure was that 
described by Nystrom and Brown.” Similar reduction of 4-methoxy-3-methylbenzaldehyde,” 
b. p. 126-—-127°/10 mm. (oxime, m. p. 70-—71°), gave 4-methoxy-3-methylbenzyl alcohol, b. p. 
134--136°/8 mm. (phenylurethane,” m. p. 89-—89-5°). 

4-Methoxy-3 : 56-dimethylbenzyl alcohol was obtained as follows: (i) 4-Bromo-2: 6- 
xylenol “ in the presence of alkali was methylated with dimethy! sulphate by use of the procedure 
described by Barger and Silberschmidt.4 Under anhydrous conditions the methyl ether, b. p. 
117--120°/13 mm, (Found: Br, 37-0. C,H,,OBr requires Br, 37-2%), afforded a Grignard 
derivative which with carbon dioxide gave 4-methoxy-3 : 5-dimethylbenzoic acid, needles (from 
aqueous ethanol), m. p. 188—189° (Found ; C, 66-6; H, 6-7%; equiv., 183. C,,H,,O, requires 
C, 66-7; H, 67%; equiv., 180), The ethyl ester was prepared by the Vischer-Speier method 
and gave 4-methoxy-3 : 5-dimethylbenzyl alcohol, b. p. 142-—-144°/9 mm, (Found: C, 72-0; H, 
8-5. Cyl ,O, requires C, 72-3; H, 84%) by reduction. The phenylurethane separated from 
ligroin in needles, m, p. 107—107-5° (Found: N, 6-0. C,,H,O,N requires N, 49%). 

4-ithoxybenzyl alcohol,” b. p. 135—137°/10 mm., was afforded by reduction of p-ethoxy- 
benzaldehyde,™ b, p. 249°/760 mm. (semicarbazone, m. p. 196-—198°), with lithium aluminium 
hydride, 

4-isoPropoxybensyl alcohol, b. p. 144—146°/12 mm., n? 15190 (Found: C, 72-2; H, 8-5. 
Cyl yO, requires C, 72-3; H, 84%) [a-maphthylurethane, m. p. 98—-99° (Found: N, 4-3. 
Gy, H,,0,N requires N, 4-2%,)], was obtained in 90% yield by reduction of ethyl 4-isopropoxy- 
benzoate with lithium aluminium hydride, p-isoPropoxybenzoic acid, m, p, 160-——-161° (Found : 
C, 66-7; H, 66%; equiv., 184. Cale, for C,,H,,O,: C, 66-7; H, 67%; equiv., 184), was 
prepared from p-bromophenyl isopropyl ether,“ b. p. 230-—234°/760 mm. 

4-tert.-Butoxybenzyl alcohol, b. p. 154—1565°/16 mm., nf? 1-5112 (Found: C, 72-6; H, 8-7. 
Cy Hy gO, requires C, 73-3; H, 89%), was afforded by reduction as above of p-tert.-butoxy- 
benzoic acid. Preparation of this acid from p-nitroaniline involved p-fluoronitrobenzene, 
p-tert.-butoxynitrobenzene, p-tert.-butoxyaniline, p-tert.-butoxybenzonitrile, and p-tert.-butoxy- 
benzamide. -Fluoronitrobenzene was prepared by an adaptation of the Schiemann reaction 
described by Flood ; * p-nitroaniline (552 g.) was stirred into concentrated hydrochloric acid 
(383 c.c.), and the hydrochloride was separated, washed with ether, and dried; a third of the 
hydrochloride (657 g.) was added to a stirred mixture of concentrated hydrochloric acid (330 c.c.) 
and water (270 c.c,) at <6°, and a solution of sodium nitrite (240 g.) in water (300 c.c.) was 
gradually added; the temperature of the mixture was not allowed to exceed 7°, and the rest of 
the hydrochloride was then gradually added. When diazotisation was complete (starch—iodide) 
the mixture was cooled to 0° and ice-cold fluoroboric acid, prepared by gradual addition of boric 
acid (200 g.) to cold hydrofluoric acid (60%; 430 g.) in a Polythene beaker, was added. The 
temperature of the mixture was kept below 10° by vigorous cooling and stirring. After 0-5 br. 
the precipitate of p-nitrobenzenediazonium borofluoride was separated, washed successively 
with ice-cold water (160 c.c.), methanol (160 c.c.), and ether (180 c.c.), dried in a current of air, 
and decomposed by heat. The volatile products were thoroughly washed with 10% sodium 
hydroxide solution and afterwards with water, dried (CaCl,), and fractionally distilled; they 
gave p-fluoronitrobenzene * (120 g., 215%), b. p. 93—95°/20 mm., m. p. 26—-27°. Subsequent 
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preparations of this compound were simplified by using sodium fluoroborate (see Vogel ™) in 
place of hydrofluoroboric acid. Our method of preparing p-‘ert.-butoxynitrobenzene was some- 
what different from that of Bowden and Green ® and gives slightly better yields. Potassium 
(33-6 g.) was dissolved in dry fert.-butyl alcohol (480 c.c.) at 80-—90°, then cooled to 23°, and 
p-fluoronitrobenzene (120 g.) was quickly added. The mixture was vigorously shaken and set 
aside for 24 hr. at room temperature, then heated for 10 min. on the steam-bath; fert.-butyl 
alcohol was volatilised under reduced pressure and the residue was extracted with ether 
(4 x 150c.c.), The extracts were washed with sodium hydroxide solution and with water, and 
dried (Na,SO,); they afforded p-tert.-butoxynitrobenzene as a pale-yellow liquid (116 g., 66%), 
b. p. 150—151°/11 mm. The product (110 g.) in 95% aqueous ethanol (440 c.c.) was stirred 
and boiled under reflux with iron powder (180 g.) and concentrated hydrochloric acid (44 c.c.) 
for 3hr. Aqueous ethanol (1:19; 200 c.c.) was added, the mixture was cooled, made slightly 
alkaline by ammonia (d 0-88), and distilled with steam; the distillate was saturated with 
common salt and extracted with ether; concentration of the extracts gave p-tert.-butoxy- 
aniline * which recrystallised from light petroleum (b. p. 60—-80°) in needles (73 g., 78%), m. p. 
72-—-74° (Found; C, 72-6; H, 87; N, 8-7. Calc, for C,,H,,ON:; C, 72-7; H, 91; N, 85%). 
This amine (72 g.) was converted into p-tert.-butoxybenzonitrile (28 g., 37%), b. p. 94-—- 
95°/0-8 mm., by the method described by Clark and Read.“ A mixture of the nitrile (27 g.), 
3% hydrogen peroxide solution (810 g.), and a 25% solution of potassium hydroxide (45 g.) was 
stirred and its temperature was slowly raised to 45°. Heating was discontinued and the mixture 
was stirred for 2 hr. and then kept at ca, 5° for 2 hr. The colourless precipitate of p-tert.- 
butoxybenzamide was separated and washed with water ; it crystallised from hot water in needles 
(21 g., 70%), m. p. 134—135-6° (Found ; C, 69-1; H, 7-7; N, 7-3. C,,H,,O,N requires C, 68-4; 
H, 7-8; N, 7-2%). A mixture of the amide (20 g.) and sodium hydroxide solution (200 c.c, of 
4%) was boiled under reflux for 18 hr., cooled, extracted with ether, and carefully acidified with 
2n-sulphuric acid. The precipitate of p-tert.-buloxybenzoic acid was separated and washed 
with water; it crystallised from aqueous ethanol in needles (19 g., 96%), m. p. 138---140° 
ag C, 68-0; H, 71%; equiv., 195. C,,H yO, requires C, 68-0; H, 72%; equiv., 
194). 

5-H ydroxymethylcoumaran, b. p. 162—-155°/8 mm, (Found: C, 71-8; H, 68, Cyl yO, 
requires C, 72-0; H, 6-7%,), was obtained in 51% yield by reduction of 5-formylcoumaran with 
lithium aluminium hydride; its phenylurethane separated from ligroin in needles, m, p. 88-5 
89° (Found: C, 71-5; H, 569; N, 52. C,,H,,O,N requires C, 71-4; H, 56; N, 52%) 
Gattermann’s reaction ™ was used in the preparation of 5-formylcoumaran; this compound 
(9-9 g., 62%), b. p. 140-——-142°/8 mm, (Found: C, 72-0; H, 5-4. C,H,O, requires C, 73-0; H, 
54%), was given by interaction of coumaran (13 g.), aluminium chloride (15 g.), anhydrous 
hydrogen cyanide (11-9 g.), and dry hydrogen chloride in sodium-dried benzene (15 c.c.); its 
semicarbazone separated from ethanol in needles, m. p. 211-5--212° (Found: C, 684; H, 5-1; 
N, 20-3. C,H ,,O,N, requires C, 58-5; H, 5-4; N, 20-5%). 

6-Hydroxymethylchroman, b. p. 169—160°/7 mm. (Found: C, 73:3; H, 7-2. Cyl yO, 
requires C, 73-2; H, 73%), gave a phenylurethane as needles, m. p. 91-56—92° (Found: C, 72-2; 
H, 59; N, 5-2. C,,H,,0,N requires C, 72:1; H, 6-0; N, 6-0%), from ligroin, and was obtained 
(68%, of theory) by reduction of 6-formylchroman as above; this aldehyde (60%), b. p. 162 
155°/9 mm. (Found : C, 73-8; H, 61. CygH,O, requires C, 74-1; H, 6-2%), was prepared from 
chroman by the Gattermann reaction and gave a semicarbazone which separated from methanol 
in needles, m. p. 218-—218-5° (decomp.) (Found: C, 60-0; H, 58; N, 19-0, Cy, HyON, 
requires C, 60-3; H, 5-9; N, 19-2%). 

7-Hydroxymethylhomochroman. A solution of aluminium chloride (13-0 g., 0-093 mole) and 
acetyl chloride (7-5 g., 0-096 mole) in ethylene chloride (20 c.c.) was gradually added to a stirred 
solution of homochroman (11-0 g., 0-074 mole) in ethylene chloride (50 c.c.) at <5°. After 
30 min., the mixture was poured on ice and hydrochloric acid and afforded 7-acetyihomo 
chroman ® (12-9 g., 92%), b. p. 155—157°/5 mm., ni? 1.5642 (Found: C, 75-8; H, 7-8. Cale. 
for C,,H,,O,: C, 75-8; H, 74%); the semicarbazone separated from ethanol in plates, m. p. 
205-—205-5° unchanged by further crystallisation (Cagniant” gives m. p. 215-5"). Hypo 
chlorite oxidation of this ketone gave homochroman-7-carboxylic acid (92%) as needles, m. p. 
165—165-5° (Found: ©, 68-5; H, 66%; equiv., 193. C,,H,,O, requires C, 68-7; H, 63%; 


Vogel, Practical Organic Chemistry,"’ Longmans, Green & Co., London, 1048, p, 584 
Bowden and Green, /., 1954, 1785 
Clarke and Read, Org. Synth., Coll. Vol. I, 1941, p, 514 

*’ Cagniant, Compt. rend., 1949, 229, 889. 
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equiv., 192) after recrystallisation from aqueous ethanol; reduction of the ethyl] ester by lithium 
aluminium hydride gave 7-hydroxymethylhomochroman (78%), b. p. 128—129°/0-19 mm. (Found : 
C, 740; H, 77, Cy,H yO, requires C, 74-2; H, 79%); its phenylurethane crystallised from 
ligroin in needles, m. p. 83—-83-5° (Found: N, 48. C,,H,,O,N requires N, 4-7%). 

Rates of Bromination of the Ethers in Acetic Acid.—These rates were measured by the 
technique used by Robertson, de la Mare, and Johnston; * the times for 20% reaction with the 
ether (0-01m) and bromine (0-00]m) in acetic acid at 20° and the relative rates are listed in 
Table 3. The solvent was purified by the procedure of Orton and Bradfield * and had m. p. 
161°. After each measurement the product was examined for phenolic material; bromination 
only of tert.-butoxybenzene afforded such material and this difficulty was overcome by addition 
of an amount of anhydrous sodium acetate sufficient to react with hydrogen bromide produced 
by bromination, This addition increased (by ca, 30%) the rate of bromination of all the ethers 
except of lert.-butoxybenzene (here the addition effected a decrease of ca. 30% in the rate), and 
correction is made appropriately in the list of relative values. Each reaction was repeated 
several times, 

Rates of Solvolysis of the Chloromethyl Devivatives.—A flask was charged with aqueous ethanol 
(1: 10 v/v), fitted with a ground-in stopper, and brought to the temperature of the thermostat. 
Chloromethyl derivative, sufficient to provide an approx. 0-01m-solution of hydrogen chloride 
when reaction was complete, was added, and the mixture was shaken. At selected times, 
samples (10 c.c.) were pipetted into ice-cold acetone (120 c.c.) and titrated (to ethanolic lacmoid) 
with 0-01n-sodium hydroxide, Each reaction was repeated several times and at more than one 
temperature, The rate coefficients and other parameters of the Arrhenius equations are listed 
in Table 1, Ethanol used as solvent was purified as described by Lund and Bjerrum,” and 
acetone by boiling it for 6 hr. with potassium permanganate and potassium hydroxide and 
collecting the fraction of b. p, 67-—-58° under anhydrous conditions. 

Ultraviolet Absorption Spectra of the Ethers in Hexane.-These were measured by means of a 
Hilger “ Uvispek ’’ photoelectric spectrophotometer. The solvent was purified as described by 
Graff et al.,” then shaken for 8 hr. with concentrated sulphuric acid (the acid was renewed after 
the first 4 hr,), washed with alkali and then with water, dried (K,CO,), and distilled (b. p. 66— 
67°) through a packed column in an all-glass apparatus. The values of 2,,,, and ¢ are listed 
in Table 4. 


TABLE 4, Ultraviolet absorption spectra of the ethers in hexane. 


Aes e 
2:6-CoH,MeyOMe ......:..0005. 2726 2680 2650 * 300 334 310 
OC FH MerOME —".... 5s eee ; 2780 2720 2650 * 1768 1812 1245 
ED > hedenovéaveaverekesves , 2776 2710 2650 1475 1579 1125 
ER GEbs4sb odds vo sesvc de bekadaathits 2780 2710 2650 1815 1938 1340 
PhOrr =. eneeete . 2800 2730 2670 1700 1920 1360 
PhOBut . a 2800 2700 2640 125 454 460 
Coumaran ae ead 2890 2830 2740 * 3055 3095 2250 
Chroman .. 2840 2760 2700 * 2520 2125 1500 
Homochroman a oes 2720 2670 2600 * 694 678 450 
* Shoulder 
FACULTY OF TECHNOLOGY, MANCHESTER UNIVERSITY [Kecewed, September 14th, 1955.) 


** Orton and Bradfield, /., 1927, 983 
** Lund and Bjerrum, Ber., 1931, 64, 210 
* Graff, O'Connor, and Skau, /nd. Eng. Chem. Anal, 1944, 16, 556 
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477. The Hydrolysis of Phosphonate Esters, 
By R. F. Hupsown and L, Keay. 


Measurements of the rate of hydrolysis of a series of esters of methyl- 
phosphonic acid in water have established the rate order Me > Et > Pr! > 
neopentyl in alkaline solution, and Me > Et = neopentyl < Pri in acid 
solution. Substitution at the phosphorus atom has little effect on the 
reactivity in acid but reduces the rates considerably in alkaline solution, 
indicating that the latter reaction normally occurs at the phosphorus atom. 
The acid hydrolysis of dineopentyl methylphosphonate leads to the formation 
2-methylbut-2-ene. This ester therefore reacts by preliminary ionisation of 
the C-O bond and the relative reactivities in acid solution suggest that 
the ethyl and isopropyl esters react similarly. 


Few quantitative measurements of the rate of hydrolysis of esters of quinquevalent 
phosphorus have been reported,! and the effect of structure on the reactivity appears not 
to have been studied systematically. It is well known * that substitution normally occurs 
at the acidic centre of esters of weak acids, whereas esters of strong acids are usually more 
reactive at the saturated carbon atom. Phosphates and phosphonates are therefore of 
interest in view of the “‘ medium " strength of the corresponding acids. 

The effect of changing the ester group on the rate and activation energy of acid and 
alkaline hydrolysis of a series of methylphosphonates is shown in Table 1. The order of 


TaBLe 1. The effect of changing the ester group on the rate of acid and alkaline hydrolysis 
of dialkyl methylphosphonates. 
Me Et Pri neoPentyl Me Kt Pr = neoPentyl 
Acid hydrolysis Alkaline hydrolysis 

Relative rate ... 1-2 1 25 Relative rate... 600 40 1 0-33 
E* (kcal./mole) 26-7 26-7 2566 - E* (kcal./mole) 13-5 140 149 13-6 
1O-'*# PZ 36 24 0°26 1O*' PZ 1900 =360 27 15 
reactivity towards hydroxide ions is characteristic of a bimolecular reaction proceeding 
either at the carbon atom ® or at the phosphorus atom * (termed Sy2P below). In the 
latter case the decreases in rate with substitution may be due to increasing conjugation 


with the P=O group, RSP, and possibly to increasing steric hindrance by the alkoxy- 
group. The latter effect is indicated by the reduced reactivity of the neopentyl ester. 
In contrast to the Sy2 reactions of neopentyl! halides,® no increase in activation energy is 
observed in the alkaline hydrolysis of dineopenty! methylphosphonate, which suggests 
that this reaction at least proceeds at the P atom. 

There are some indications that the phosphorus atom in esters of quinquevalent 
phosphorus is more reactive towards hydroxy] ion than the saturated carbon atom. Thus 
16) exchange experiments have shown * that P—O fission occurs in the alkaline hydrolysis 
of trimethyl phosphate, whereas in acid solution C—O fission predominates. In addition, 
alkyl phosphonates of optically active alcohols are hydrolysed with complete retention of 
configuration in alkaline and extensive racemisation in acid solution.’ The low activation 
energies observed in the alkaline reaction (Table 1) are also indicative of the Sy2P 
mechanism, since higher values (~20 — 23 kcal./mole) are normally observed in reactions 
of water and hydroxyl ion at the saturated carbon atom, ¢g., alkyl halides* and 
sulphonates.® 

' Cavalier, Compt. rend., 1898, 127, 114. 

* Anbar, Dostrovsky, Samuel, and Yoffe, rR 1954, 3604 

* Hughes, Trans. Faraday Soc., 1941, 37, 603. 

* Dostrovsky and Halmann, J., 1953, 502. 

* Dostrovsky, Hughes, and Ingold, J., 1946, 157. 

* Blumenthal and Herbert, Trans. Faraday Soc., 1945, 41, 611; Barnard, Bunton, Llewellyn, 
Oldham, Silver, and Vernon, Chem. and Ind., 1953, 761 

’ Gerrard, Green, and Nutkins, J., 1952, 4076. 

* Grunwald, Winstein, and Jones, J. Amer. Chem. Soc., 19561, 74, 2700; Robertson, Canad. J. Chem., 
1953, 31, 589; Marshall, Ph.D. Thesis, London, 1954. 
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On the other hand, the activation energies of the bimolecular reactions of carboxylic 
esters proceeding with acyl-oxygen fission * are considerably lower both in acid and alkaline 
solution, The activation energy rises, however, to 23-2 kcal./mole in the acid hydrolysis 
of tert.-butyl acetate # where alkyl-oxygen fission occurs. In view of the similar reactivity 
of carbonyl and phosphony! halides,‘ the high reactivity of the phosphonates towards the 
hydroxyl ion resulting from these low activation energies indicates that the reaction 
occurs at the P=O centre, 

In acid solution the rate order is almost reversed, the isopropyl ester reacting about 
25 times faster than the ethyl ester. If the protonation equilibrium is assumed to increase 
with the basicity of the alcohol,'! 4.¢., Me < Et = neopentyl < Pr', the observed rate 
sequence might be explained by assuming a bimolecular reaction between water and the 
protonated ester, the rate of which increases in the same order as in the alkaline reaction. 
The resultant effect of this reactivity order and the protonation equilibrium could con- 
ceivably lead to a minimum rate. The high reactivity of the secondary ester suggests, 
however, that this reaction proceeds by the alternative Syl mechanism, in agreement 
with the extensive racemisation obtained on acid hydrolysis of phosphonates of optically 
active alcohols.? The greater reactivity of the methyl ester than of the ethyl ester shows 
that the former reacts predominantly by an Sy2 or Sy2P mechanism, since protonation 
and the Syl reactivity both favour the reverse order. 

In order to investigate further the possibility of ionisation in acid solution, the products 
of reaction of the dineopentyl ester were analysed. The only product detected was 2- 
methyl-2-butene. On solvolysis of neopentyl halides, a mixture of fert.-amyl alcohol and 
olefin has been reported,® ¢.g., at 125° 36°, of olefin was obtained in 50%, aqueous alcohol. 
In the present reaction, any tert.-amyl alcohol would be converted rapidly into olefin, 
owing to the high acidity of the medium (p. 2468). No such re-arrangement of neopenty! 
alcohol occurs even under the drastic conditions used in the ester hydrolysis. 

These observations suggest therefore that the olefin is produced mainly from the 
alcohol, and not directly from the carbonium ion : 


Oo. A $1 : 
Mot — PY + (CHy),C-CH,* 
CH; O-CH,C(CH;), CH; OH 
OH =| 
% 


| 
(CH3)2C*CH,*CH, “SS (CH;),C*CHa*CHy 


™ x 


(CHy),C: CH*CH, 


It follows that the dineopentyl ester is hydrolysed by the Syl mechanism in N-aqueous 
benzenesulphonic acid at a rate almost equal to that for the diethyl ester. As the basicities 
of the two alcohols are probably similar !! this equality suggests that the diethyl ester 
also reacts predominantly by this mechanism. Reference to the rate of solvolysis of 
analogous esters shows that in aqueous solution ethyl sulphonates * and halides * are 
considerably more reactive than the corresponding neopentyl esters. In formic acid, 
however, #.¢., in a strongly ionising medium, the rates of the ethyl and the neopenty| 
compounds are similar. There is some doubt concerning the nature of the reaction 
mechanism of primary sulphonates in formic acid 4 and, moreover, according to Marshall 
and Winstein,’* 6-group participation may accelerate somewhat the rate of solvolysis of 
neopentyl sulphonates. The above interpretation of the equal rates of the two esters 
must therefore be regarded as tentative at present. 

Substitution at the phosphorus atom also produces rate changes of different orders of 

* Bunton, Research, 1961, 4, 383; Stimson, J., 1955, 2010 

‘© Skrabal, Monatsh., 1924, 45, 148; 1926, 47, 17, 30; Tommila and Hinshelwood, /J., 1938, 867. 

‘' Conant and Wheland, J. Amer. Chem. Soc., 1936, 58, 1124 

'* Marshall and Winstein, ibid., 1052, 74, 1120. 


"* Dostrovsky, Hughes, and Ingold, /., 1946, 164. 
‘* Streitwieser, J]. Amer, Chem. Soc., 1955, 77, 1117. 


(1956) The Hydrolysis of Phosphonate Esters. 2465 


magnitude in the acid and the alkaline reactions. In acid solution, progressive alkyl 
substitution in the methylphosphonate has a small! retarding effect, whereas in alkaline 
solution the rate changes are considerable (Table 2). For example, the fert.-butylphos- 
phonate is one-third as reactive as the corresponding methylphosphonate in acid solation 
but has 1/500th of the reactivity in alkaline solution. The considerable difference in rate 
in alkaline solution of the n- and fert.-butylphosphonates shows the pronounced effect of 
steric hindrance since the electronic changes are expected to be small, Electronic changes 
probably have a considerable effect in the other cases, as shown by the general increase 
in activation energy with decrease in reactivity (Table 2). The differentiation between 
electronic and steric effects on the reactivity is difficult to explain,’ but the magnitude 


TABLE 2. The effect of substitution at the phosphorus atom on the rate of hydrolysis of 
dialkyl phosphonates. 


Bue But 
Acid hydrolysis () of diisopropyl esters 


Relative rate ......... f “| 0-33 0-43 
E* (kcal. /mole) 5 26: 25-1 
lo PZ ‘ 

Alkaline hydrolysis of diisopropyl esters 
Relative rate , 0-062 0-039 0-002 
E* (kcal. /mole) of 12 16-0 16-2 
10° PZ 2- 2: O75 0-69 

Alkaline hydrolysis of diethyl esters 


Relative rate ...., 5 0-10 
E* (keal./mole) . 14-2 14-7 
1G? PZ : i 22 8-9 


TABLE 3. Rates of hydrolysis in water of aromatic and aliphatic methylphosphonates, 
kh, (1. mole? E* (kcal. hy, (1. mole 
Temp. hr.) mole") Temp. hr.“') 
Alkaline hydrolysis Acid hydrolysis 

21-5° 122 12-0 Et p-NOyC,H, 0-055 
52-6 13-5 On Fescs . 0-O0737 
144 12-0) os . ~O- 0018 

9°36 14-0 


of the rate changes in alkaline solution suggest that substitution probably occurs at the 
phosphorus atom, in agreement with previous indications. 

Finally the reactivities of aliphatic and aromatic phosphonates may be compared in 
acid and alkaline solution (Table 3). In view of the usual inactivity of the benzene nucleus 
towards substitution, the greater reactivity of the aromatic esters is probably due to 
conjugation in the displaced group : 


Me 2) 6- 


——— ie «=HOrese Pe eee OD 
| — 


BK 


The high lability of the aromatic group is shown by the exclusive release of p-nitrophenol 
from ethyl p-nitrophenyl methylphosphonate in alkaline solution (Table 4). In acid 
solution, ethanol is exclusively released at a rate very similar to that of acid hydrolysis 
of diethyl methylphosphonate. The reduced rate of the acid hydrolysis of diphenyl methyl- 
phosphonate may be attributed partly to increased acidity of the ester. The rates for the 
corresponding aliphatic and aromatic carboxylic esters are, however, almost equal,!® and 

* Evans, Trans. Faraday Soc., 1946, 42, 718; de la Mare, Powden, Hughes, Ingoid, and Mackie, 
]., 1955, 3200, 

'* Tommila and Hinshelwood, J., 1938, 1801 
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consequently the large rate difference observed in the present case (Table 3) suggests that 
a change in mechanism occurs, as with the sulphonates.*7 


EXPERIMENTAL 

Materials,--The diakyl phosphonates were prepared by refluxing the corresponding trialky! 
phosphite with an equivalent amount of the alkyl halide (Arbusov reaction), The trialkyl 
phosphites were prepared by the action of phosphorus oxychloride (1 mole) on the alcohol 
(3 moles) and triethylamine (3 moles) in light petroleum (b. p. 40-—-60°) (cf. Ford-Moore and 
Williams,” and McCombie, Saunders, and Stacey ™). The following esters were prepared, the 
b. p.s in parentheses being those given by Ford-Moore and Williams: dimethyl methyl- 
phosphonate, b. p. 98°/60 mm. (60°/10 mm.); diethyl methylphosphonate, b. p. 189° (192— 
194°); diisopropyl methylphosphonate, b. p, 87--88°/22 mm. (66°/3 mm.); diethyl ethyl- 
phosphonate, b. p, 92-—-93°/20 mm.; diethyl n-butylphosphonate, b. p. 85°/2 mm.; di-n- 
propyl n-propylphosphonate, b. p. 130°/20 mm.; diisopropyl ethylphosphonate, b. p. 56 
57°/1 mm.; diisopropyl n-propylphosphonate, b. p. 75—-76°/3 mm.; diisopropyl n-butyl- 
phosphonate, b. p. 86-—-88°/4 mm. 

Diphenyl methylphosphonate, previously prepared by the Arbusov reaction," was 
prepared by amine-catalysed esterification of the dichloride, and had b. p. 140°/0-2 mm., m. p. 
33-34? (lit., b. p. 190-—195°/11 mm., m, p, 35-—36”). 

Diethyl phenylphosphonate was prepared by the Friedel-Crafts reaction between phos- 
phorus trichloride and benzene, followed by chlorination at 0° in tetrachloroethane to give 
Ph:PCl,, The solution was then treated with excess of absolute ethanol, and the hydrogen 
chloride was removed under reduced pressure.” The yield was 51%, and the b, p. 116-—118°/1-5 
mm. (lit., b. p, 117-—-118°/1-5 mm.), A higher-boiling fraction (b. p. 181—-183°/2 mm.) was 
found to be ethyl diphenylphosphinate (yield 15%). 

Diisopropy! tert.-butylphosphonate was prepared from the dichloride, itself obtained by 
the Friedel-Crafts reaction between fert.-butyl chloride and phosphorus trichloride.** Crystal- 
lised from ligroin (b. p. 60—-80°), it had m, p, 121° (lit., m. p. 123°), Reaction of the dichloride 
with propan-2-ol in the presence of a tertiary base was slow, and the alternative reaction of the 
isopropoxide was used, Sodium (9-2 g.) was dissolved in absolute propan-l-ol (50 ml.), then 
tert.-butylphosphonyl dichloride (36 g.) in propan-2-ol (100 ml.) was added slowly. The whole 
was refluxed for 4 hr,, the solution evaporated at the water-pump, a little water was added, and 
the mixture extracted twice with ether, The extract was dried (MgSO,), the ether removed, 
and the ester vacuum-distilled (23 g., 50%; b. p. 62°/1 mm.) (Found: C, 53-1; H,10-5; P, 13-7. 
C soli ggOgP requires C, 64-0; H, 10-3; P, 140%). 

Dimethyl tert.-butylphosphonate. tert.-Butylphosphony! dichloride (18 g.) was refluxed with 
sodium methoxide in methanol (8 g. of sodium in 100 ml. of methanol), After 4 hr. benzene 
(600 ml.) was added and the methanol distilled off. The precipitated sodium chloride was 
filtered off, and after removal of the benzene on the water-pump the ester was vacuum-distilled 
(5 g.; 34%; b. p. 34°/0-5 mm.; m., p, 20°) (Found: C, 41-4; H, 9-0. C,gH,,0,P requires 
C, 42-1; H, 90%). 

kthyl p-nitrophenyl methylphosphonate, This compound, mentioned by Schrader,™ is not 
detailed in the literature. Methylphosphonyl dichloride was half-esterified by the action of 
ethanol in the presence of triethylamine in ether at 0° (yield 55%; b. p. 40—41°/1 mm.; 64°/5 
mm.) (Found: C, 246; H, 55; P, 23-0; Cl, 24:2. C,H,O,CIP requires C, 26-3; H, 5-6; 
P, 21-8; Cl, 24-90%). 

Ethyl methylphosphonochloridate (14-3 g.) was refluxed for 3 hr. with nitrophenol (13-9 g.) as 
sodium derivative in xylene. The sodium chloride was filtered off, the solvent removed on the 
water-pump, and the ester distilled in vacuo (yield 50%; b. p. 160°/1 mm., 190°/3 mm.; lit., 
b. p. 178°/1-5 mm.) (Found; C, 43-0; H, 6-1; N, 6&0. C,H,,O,NP requires C, 43-7; H, 4-9; 
N, 57%). 

'’ Lapworth and Ferns, /., 1912, 273; Bunton and Frei, /., 1951, 1872 

'* Arbusov, J. Russ, Phys, Chem. Soc., 1906, 38, 687. 

sd Ford-Moore and Williams, J. 1947, 1465. 

* McCombie, Saunders, and mr eh 1945, 380. 

*' Michaelis and Kaline, Ber., 1898, $1, 1048. 

** Kosolapoff and Hunter, /. Amer. Chem. Soc., 1947, 68, 2020. 

* (a) Crofts and Kosolapofti, ibid., 1953, 76, 3379; (b) Kinner and Perren, J/., 1952, 3437; Clay, 
J. Org. Chem., 1961, 16, 892. 

* Schrader, B.1.0.S. report No. 714. 
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Dineopentyl methylphosphonate was prepared by the action of methylphosphony! dichloride 
on neopentyl alcohol obtained from fert.-butylmagnesium chloride and ethyl formate.™ Methyl- 
phosphony! dichloride (33 g. in 100 ml. of ether) was added slowly with ice-cooling to neopenty! 
alcohol (44 g.) and triethylamine (68 g.) in ether (500 ml.). The mixture was then refluxed on 
the water-bath for 4 days. After filtration, the solvent was removed and the residue distilled 
under vacuum (yield 35%; b. p. 78—79°/0-6 mm.) (Found: C, 54-9; H, 10:3; P, 12-9. 
C,,H,,0,P requires C, 55-9; H, 10-6; P, 13-1%). 

Attempted preparation of di-tert.-butyl methylphosphonate, The action of methylphos- 
phony! dichloride on fert.-butyl alcohol in the presence of any of several tertiary amines gave 
tert.-buty! chloride and methylphosphonic acid together with an unresolved mixture of condensed 
phosphonates. The most promising method appeared to be through the corresponding 
phosphite. Methyl dichlorophosphinite was prepared from phosphorus trichloride and one 
equivalent of methanol and converted into di-tert.-butyl methylphosphite by the action of the 
alcohol and triethylamine in light petroleum. It had b. p. 50°/2 mm. Reaction with methyl 
iodide was vigorous but the product decomposed on vacuum-distillation, The consistently 
low analytical figures for carbon are probably due to incomplete combustion, since very erratic 
values were obtained initially, as suggested by Ford-Moore and Williams."* The molecular 
weight, determined from the equivalent, agreed closely with the theoretical value in each case. 
The linearity of the graph of the appropriate rate function (see below) confirmed the purity 
of the esters, 

Kinetic Measurements.—The rate of hydrolysis was followed by the conventional method 
for slow reactions by sealing 5 ml. portions of reaction mixture in ampoules and immersing 
them in an oil-thermostat maintained within +.0-02° in the temperature range 50--135°. 
Solutions were made by direct weighing into conductivity water, and the end-point was deter- 
mined from the weight of pure ester taken and, when possible, from the final titration, At 
appropriate intervals the ampoules were removed and chilled, and, for the alkaline reaction, 
the contents were titrated against potassium hydrogen phthalate with phenolphthalein as 
indicator, under nitrogen. As only the first group is removed in alkaline solution, the rate 
constants could be obtained from the general equation for a second-order reaction. 

In the acid reaction the products were titrated against sodium hydroxide. In the hydrolysis 
of ethyl p-nitrophenyl methylphosphonate, the p-nitrophenol released was determined by 
reaction with standard bromine solution in acid. The excess of bromine liberated iodine 
from potassium iodide and this was then estimated with thiosulphate.” These results agreed 
approximately with the acidimetric values (Table 4), showing the exclusive release of p- 
nitrophenol, 

Evaluation of the Rate Constant of the Alkaline Reaction.—-Yor the bromination method, hy 
was obtained from the second-order rate equation : 


bod 2-303 . b(a 2x) 
s "(a — 2) B10 ib x) 


The rate constant obtained acidimetrically was calculated from the equation : 


2-303V | Ny — Ny +3 my 
Nin, 81 Ny r G1 N, — Ne 


Dn 
where V is the volume (5 ml.) of the aliquot portion taken, N the normality of the titrating 
solution (0-05n), and n the titre. 

Evaluation of the Rate Constant of the Acid Reaction,—Preliminary experiments showed that 
both ester groups were removed at similar rates. As pK, of the semiacid and pK, of the phos- 
phonic acid are close to 2-0, and pK, of the phosphonic acid “+ ™ is approximately 7-0, the rate 
of the first step was obtained by titration with sodium hydroxide, with methyl-orange as 
indicator. For the most unreactive esters, the values of the first-order rate constant could be 
obtained satisfactorily from the initial rates, 

Products of the Acid Reaction.—In contrast to the reaction in alkaline solution, bromine 


** Sommer, Blankman, and Miller, J. Amer. Chem. Soc., 1954, 76, 803 

** Arbusov and Azanovskaya, Izvest. Akad. Nauk S.S.S.R., Otdel. Khim. Nauk, 1949, 473; 
Kosolapoft, J]. Amer. Chem. Soc., 1952, 74, 4963. 

*7 Day and Taggart, Ind. Eng. Chem., 1928, 20, 545; Scott, Jnd. Eng. Chem., Anal., 1931, 3, 67 

** Jaffe, ]. Amer. Chem. Soc., 1954, 75, 2209 
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estimations failed to detect -nitrophenol after hydrolysis of ethyl p-nitrophenyl methy]- 

phosphonate, The rate of removal of the ethyl group is slightty less than for the diethy] ester. 
Reaction of Dineopentyl Methylphosphonate—The ester (13-12 g.) was refluxed with 

n-benzenesulphonic acid (60 ml.) for 7 days. An excess of sodium hydroxide was added and the 


TABLE 4, 
Bromination method Acidimetric method 


Time nm, log a — 2x hy Time 

(min. ) (ml.) b—-« (1. mole hro')  (min.) 
2-30 O-3501 — 0 ‘ 04453 - 
2-62 O-3531 147 04729 144°5 
2-02 03639 151 04927 142 
3-02 0) 3673 141-5 05528 141 
3°22 03753 138 6864 140-5 
447 0-3882 144-5 O-7715 142-5 
4°72 — ~-- « . 

Mean hk, ~ 1441, mole’ hr’, NaOH (a) = Mean hk, = 142 1. mole™ hr’, NaOH 
O-0bN, Ester (b) = 0-0236n. Temp, 250°. 0-056n. Ester « 0-029n, Temp. 25-0°. 


log = a 
ioe P 


2 
(1. mole hr.~') 
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a 


to 
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mixture extracted twice with ether, the solution being then dried (Na,5O,), filtered, and evapor- 
ated, and the product distilled in @ micro-unit. The b. p. rose sharply to 230° to give a distillate 
of unchanged ester, showing the absence of neopentyl alcohol (b. p. 113°) and ¢ert.-amy] alcohol 
(b. p. 102°), Further experiments showed that under these conditions amy! alcohol eliminates 
water rapidly, to give an olefin, whereas neopentyl is unaffected. Finally, dineopentyl methyl- 
phosphonate (4 g.) was heated in a sealed ampoule with n-benzenesulphonic acid (10 ml.) in 
50%, aqueous dioxan for 24 hr, at 140°, After cooling, the product was distilled, giving, probably, 
2-methy!-2-butene (0-85 g.), b. p. 38--39° (Found ; C, 86-3; H, 14-5, Calc. forC,H,,: ©, 85-7; 
H, 143%). It gave a dibromide, b. p. 76°/25 mm, (lit., b. p. 64°/17 mm.) (Found: C, 25-6; 
H, 44; br, 69-8. Cale, for C,H,,Br,: C, 26-1; H, 435; Br, 69-6%). 

Result Che rate constants for the acid and alkaline hydrolyses are summarised in Tables 
5 and 6 


Tauie 5, First-order rate constants for the hydrolysis of phosphonate esters R-PO,R’, in 
N-benzenesulphonic acid in water. 


Concn. (nN) Temp. & (hr) R R’ Conen, (N) Temp, & (hr.-') 
0-10 115-2” 1-18 Bue Et 0-20 i10-0° = 0-038 
“20 119-5 0-098 
0-20 96-0 0-233 
0-20 1010 0-299 Me Ft 
tr 105-3 0-668 
O-10 110-0 1-03 
20 114-7 1-22 


~~ 


— & 
wSCaAanewTren 


101-0 0-0318 
108-8 0-0654 
109-9 0-0737 
115-3 0-112 
116-9 0-143 
119-5 0-175 


= 


= 


to tok 


0-20 96-0 0-243 
0-20 1OlO 0-400 
0-20 107°3 0-675 a 2 110-0 0-038 
O18 114-0 ' ‘25 104-4 060-0507 
O21 114-7 4 “$3 105-2 06-0529 
110-2 0-O714 
0-22 92-5 25! > 114-7 0-123 
O18 101-0 “Olt “2 120-3 0-210 
0-20 1065-3 “70% d 122-6 0235 
0-22 110-4 
O19 114-7 “Tf Me Me, “4 99-8 00412 
104-4 06-0654 
0-20 93-6 46! “f 110-0 Oli 
0-20 100-6 ‘907 “% 114°3 0-164 
O23 109-9 ' 2 119-6 0-244 
0-20 lon 
0-21 115-0 Me, . 120-0 0-0809 
020° BAO 0-625 
0-17* O44 Lol Me CH, But 0-10 103-0 0-034 
o-19* 99-7 1-72 O10 120-0 0-158 
0-16" 104-8 3-07 
O18" 1059 3-08 Ethyl p-nitrophenyl 0°20 110-4 0-055 
meth ylphosphonate 
* In n-HCl, 
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TABLE 6. Rate of alkaline hydrolysis of alkylphosphonates R-PO,R’, in water. 


h 

(Ester) [NaOH] (1. mole (Ester) (NaOH) 
(N) (s) . hr’) R’ (N) (N) Temp. 
0-12 0-20 . 0-651 Et 0-03 005 80-3 
m ' 0-825 91-2 
: 99-0 
0-10 . . af 105-1 
O-1 109-3 


0-14 
O15 . . J 0-04 
0-16 ~ 
O15 , , 0-02 
0-03 
0-08 oe 
0-16 ‘ : 0-04 
O17 
0-10 24- . ) 0-04 
0-02 
0-08 . . 0-04 
“t 0-03 
0-09 
0-02 
0-04 0°20 25° = 


0-03 0-05 


0-06 0-20 | CH,But 005 
0-10 
0-02 0-05 0-05 
0-03 
Et p-nitrophenyl 0-04 0-05 
methylphos o o 
phonate 0-02 ya 


Me,PO, 0-04 0-05 


Me’SO,Ph 0-02 0-05 


* In 50% aqueous dioxan (v/v). 
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478. Isolation and Properties of Pure Actinomycins. 
By G. G. Roussos and L. C, VINING. 


Seven pure components have been separated by means of partition 
chromatography on powdered-cellulose columns from the mixtures of 
actinomycins produced by three different Streptomyces species. These seven 
components were shown to represent only three different actinomycins, 
suggesting that the natural complexes of the X, B, A, and D type are 
constituted from the same component actinomycins and that differences 
may be attributed to the relative amount of each component produced by 
the respective Streptomyces species. 


Ir has been shown }}? that actinomycins A, B, C, and X are not homogeneous substances 
but are mixtures of closely related polypeptides linked to a chromophore which may be 
identical ® for all members of the group. There have recently been reported **® two 


Brockmann and Grone, Chem. Ber., 1954, 87, 1036. 

Vining and Waksman, Science, 1954, 120, 389 

Brockmann and Vohwinkel, Naturwiss., 1054, 41, 257. 

Brockmann and Bohne, ibid., p. 65. 

Manaker, Gregory, Vining, and Waksman, “ Antibiotics Annual 1054 
a, Inc., New York, 1955, p. 853. 
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additional types, | and D, which, although substantially closer to homogeneity, neverthe- 
less, contain subsidiary compounds in significant amounts. In spite of the investigation 
of products elaborated by a large number of actinomycin-producing Streptomyces species, 
no culture has yet been found which produces a single actinomycin. A complete knowledge 
of the chemistry and biological properties of this group depends, therefore, upon a satis- 
factory method for separating the natural complex into its components. 

Paper chromatography of the products from twelve different cultures has shown * 
that the actinomycin complexes can be conveniently grouped into six different types 
according to the proportion of components at specific Ry values. They were represented 
by actinomycins A, B, C, D, and those from cultures * 3436 and 3491. Subsequent 
examination of the actinomycins from four other cultures has revealed no new types of 
complex. Brockmann and his co-workers,'\7 after an examination of the products from 
twenty-one actinomycin-producing cultures, were able to classify them into three different 
types, represented by actinomycins C, I, and X. It was concluded * that actinomycin X 
is identical with the actinomycin produced by culture 3491. The actinomycin from culture 
3436 was very similar to a sample of actinomycin A produced ® from culture 3435 in 1940, 
but was classified separately because of differences in the amounts of minor components.* 
However, since such variations have now been found to be easily effected by changes in 
the method used for producing and isolating the antibiotic it is considered unnecessary 
to maintain this distinction and actinomycins of the type obtained from culture 3436 
will henceforth be referred to as actinomycin A. 

The actinomycin A, B, D, and X complexes contained many components which appeared 
identical by paper chromatography and it was tentatively suggested *® that they might 
differ from each other only through quantitative differences in the amount of each com 
ponent present. Paper-chromatographic comparison of the complexes in additional 
solvent systems has failed to show any differences between these components. We have 
found that circular paper chromatography with a mixture of aqueous sodium o-cresotinate, 
di-t-butyl ether, and s-tetrachloroethane, butan-l-ol, or ethyl acetate afforded the most 
satisfactory resolution of the actinomycin complexes. s-Tetrachloroethane was slightly 
the best and the Ky values in this solvent system are reported in Tables 1 and 2. In 


TABLE 1. Percentage composition of actinomycins from circular paper chromatography 
/ 


with di-n-butyl ether—s-tetrachloroethane-10°, aqueous sodium o-cresotinate (2: 1:3). 


Rp, 1 
~ 


Actinomycin complex from II II! 
culture no, 0-40 0-56 
3724 (X type) , Trace Trace 
43723 (B type) Trace Trace 
4436 (A type) 2-9 Trace 
$677 (D type) . Trace Trace 
Rp, 1 


- —— _ 
1-00 (C,) 1°43 (Cy) 1-99 (C, 
3657 (C type) 10-3 48:3 41-4 
* Actinomycin By; separated indistinctly into three components at Kp yy 1°55, 1-69, and 1-97 in 
this system, but in other actinomycins no distinct zones were discernible 


naming the actinomycin components a letter has been retained to designate the complex 
type produced by the micro-organism, and a subscript Roman numeral used for the 
component appearing at a specific Ry value in this solvent mixture. Actinomycins with 
Rp, ry values (1.¢., the value relative to Dyy) greater than 1-35 (Table 1) have been referred 


* Culture numbers refer to the culture collection of the Institute of Microbiclogy, Rutgers University 


* Gregory, Vining, and Waksman, Antibiotics and Chemotherapy, 1955, 5, 409 
Brockmann, Angew. Chem., 1954, 66, 1. 

* Waksman and Woodruff, Proc. Soc. Exp. Biol. Med., 1940, 45, 609 

* Vining, Gregory, and Waksman, Antibiotics and Chemotherapy, 1955, §, 417 


(1956) Isolation and Properties of Pure Actinomycins. 2471 


to collectively as component VI, and where they have been separated, as in the case of 
actinomycin B, as By;,, By, ete. 

Further evidence that the components with similar behaviour on paper chromatography 
are identical, was obtained by the isolation of actinomycins B;, Bry, By, Ar, Ary, Ay, and 
D,y in quantities sufficient for examination of their chemical properties. This was achieved 
by partition chromatography on powdered-cellulose columns, which was found to be more 


TABLE 2. Rp,ry values of actinomycin components from circular chromatography with 
di-n-butyl ether—s-tetrachloroethane-10°, aqueous sodium o-cresotinate (5: 1: 6). 
R a 
Actinomycin P —— i sl = 
complex I Il It! iV V Via VIb Vic Vid 
0-20 0-39 0:63 1-00 1-20 1-77 2-20 2-66 * 2-00 
B ’ % y p : - Traces - 
\ y 
VI ; 
(Cy) (Cy) 
( x . 
denotes presence in substantial amount 
* Although actinomycins By; and C, had identical /’p values in this system they were separated 
in a system containing di-n-butyl ether, ethyl acetate, and 10°% aqueous sodium o-cresotinate (2: 1 : 3) 
(Rp, 1 of actinomycin By; 2-13, and of C, 2-90), Actinomycins By, and C, were not separated in 
either system 


TABLE 3. Properties of pure actinomycins, 


By Bry By Ay Atv Ay Diy 
Crystalline form (from acetone— Plates Prisms Fine Plates Prisms Fine Prisms 
CS,) needles needles 
M. p. (decomp.) (Kofler hot 237-5 235-5 246 237 235 245 235-5 
plate) 236-5" 246-5 238 236° 246-5 236-5" 
a iy (c, 0°25 in 95% EtOH) — 23! — 268 320 261° $23 262° 
Amax. (A) in 95% EtOH 2425, 2420, 2400, 2420, 2420, 2400, 2420, 
4430 1450 4410 4440 4450 4440 
Amm, (A) in 95% EtOH 2270, 2270-—2280, 2300, 2270, 2280, 2270, 
3310-3320 3300 4300 3310 3300 3300 3300 
Esato 17-8 18-8 19-2 18-0 19-2 10-6 19-6 
Rp, 1 in the 2: 1: 3 system 0-27 1-00 1-35 0°27 Loo 1:35 Loo 


TABLE 4. Amino-acid analyses of actinomycins 
(expressed as moles of amino-acid per mole of actinomycin of mol, wt, 1200). 


Threonine Sarcosine Proline Valine N-Methylvaline 
1-8 Il 19 
1-9 22 10 
20 Ll 20 
1-9 1 20 
20 2: 20 
19 l 1? 


20 2 21 


satisfactory on a preparative scale than the adsorption-chromatographic method previously 
used.* The properties of the pure actinomycins are summarized in Table 3. 

The absorption spectra (ultraviolet and visible) were very similar, differing only slightly 
in wavelength and intensity. In the infrared region actinomycins A; and B, were identical ; 
and no differences were discovered between actinomycins Ayy, Bry, and Dyy, or between 
actinomycins Ay and By. The differences in the spectra which allowed a separation into 
the three groups were small, however, in comparison with the overall similarities 
(see Figure). 

Determination of the amino-acid contents (Table 4) revealed that actinomycins A, 
(B;) and Ay (By) each possessed one mol. of proline compared with the 2 mols, present in 
Ary (Bry, Dry). There were only small differences between the samples in the values 
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obtained for threonine, but Brockmann and his co-workers have recently shown that 
the use of hydrochloric acid and vigorous conditions for hydrolysis of the actinomycins 
causes considerable destruction of this amino-acid. It cannot be said with certainty, 
therefore, that these actinomycins do not differ in their total threonine content. In absence 
of such a difference, actinomycins A; (B;) and Ay (By) possess an identical amino-acid 
composition and variations in the order of amino-acids in the polypeptide chain or the 
linkage to the chromophore may account for the observed differences in their properties. 
In this respect, it is interesting that the infrared spectra of By and ly contain an additional 
band at 1760 cm.~! suggestive of a type of ester or lactone grouping not found in the other 
samples, 

A comparison of the properties of the isolated components indicated that actinomycins 
A, and 1, were identical; similarly actinomycins Ayy and By,y were identical with actino- 
mycin Dyy, and actinomycin Ay with actinomycin By. It appeared, therefore, that 


Infrared spectra of actinomycins. 


4 4 i 4 4 4... 4 ! - 4 . 
000 2500 2000 /S00 1/300 =//00 900 800 700 
Wove numbers (cm) 


1, Actinomycin Bry. 2, Actinomycin By. 3, Actinomycin By. 
(All in KCI discs.) 


actinomycins A, B, and D belonged to a group of complexes which were composed of the 
ame components, but in different proportions. To the group can also be added 
actinomycin X, shown by Brockmann ’” to differ from actinomycin B only in the proportion 
of the components present in each sample. The four types of complex within the group are 
characterized by a steady increase in the proportion of component IV, and a corresponding 
decrease in component V in the order X, B, A, D (Table 1). It is probable that in this 
group the remaining minor components with corresponding Ky values will also prove to 
be identical, irrespective of the complex from which they were separated. The difficulty 
of isolating substances present in such small amounts makes their study difficult, however, 
unless a means can be found of influencing the producing organism to increase substantially 
the proportion of these components in the complex. The relation between the members 
of the X, B, A, D group of actinomycins is emphasised by the fact that the cultures 
producing both actinomycins A and X have been shown *? by a suitable change in the 
conditions of growth to be capable of producing an actinomycin complex chromato- 
graphically indistinguishable form actinomycin B. 


” Lrockmann, Grone, and Timm, Naturwiss., 1955, 42, 125 
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Brockmann and Bohne‘ made a direct comparison of actinomycins A and I, and 
reported that they were very similar, if not identical. The properties we have found for 
the components of actinomycin A are not in agreement, however, with those described by 
Brockmann and his co-workers 4:7 for the actinomycin I complex. The differences reside 
principally in the fact that, whereas the corresponding components from actinomycins 
A and B were identical, the German workers have reported differences between actinomycins 
I and X (B) in their behaviour to paper chromatography in certain solvent systems. 
Moreover, none of the pure components isolated from actinomycin I was identical with 
those from actinomycin X. A closer relation appeared to exist between actinomycins 
I and C, and, in fact, Brockmann and Grone have suggested? that the corresponding 
components in these two complexes may be identical. 


EXPERIMENTAL 


Circular Paper Chromatography.—A filter-paper disc (Whatman No, 2; 15 cm, diam.) was 
impregnated by dipping it in the aqueous phase of the solvent system di-n-butyl ether—s-tetra- 
chloroethane-10%, aqueous sodium o-cresotinate (2: 1: 3), and excess of moisture was removed 
between fresh filter paper. The actinomycin samples were applied in acetone solution 
(5 mg./ml.) from a capillary pipette to segments of a small circle drawn around the centre of 
the filter paper where a thin cotton wick was attached. The paper was placed upon an open 
Petri dish (14 cm. diam.) containing the organic phase of the solvent system, and covered with 
a large watch glass. The chromatogram was allowed to develop until the outer actinomycin 
zone was close to the glass rim. Best resolution was obtained with low Ry, values when, after 
the front had reached the outer edge of the paper, the solvent flow was restriced to the rate at 
which it evaporated from the narrow strip extending outside the walls of the Petri dish. R, 
values varied greatly with the amount of aqueous phase left in the paper after blotting but 
could be conveniently adjusted to the blotting technique employed by alterations in the 
proportion of s-tetrachloroethane in the solvent system. 

The following samples were examined: actinomycins from cultures 3436 (A type), 3723 
(B type), 3724 (X type), 3677 (D type), and 3677 (C type). The actinomycin components 
could best be seen by viewing the developed chromatograms under ultraviolet light of 2670 A; 
zones due to actinomycin appeared as dark absorbing areas against a fluorescent background. 

Separation of Components by Partition Chromatography on a Cellulose Column.—A column 
(1j x 30 in.) was packed with dry cellulose powder (Whatman’s Ashless Standard Grade) to 
a height of 20 in. The aqueous phase (500 ml.) of di-n-butyl ether—s-tetrachloroethane-10%, 
aqueous sodium o-cresotinate (4: 1 : 5) was passed through the column, followed by the organic 
phase until an equilibrium had been reached and no further aqueous phase appeared in the 
eluate. The actinomycin (300 mg.), dissolved under reflux in water-saturated di-n-butyl 
ether-—s-tetrachloroethane (6: 1), was applied to the column and washed in with a little fresh 
solvent. With this solvent mixture its movement on the column was extremely slow, and 
development did not occur until the proportion of s-tetrachloroethane was increased to 5; 1, 
It was continued until the strong zone due to component V was close to the bottom. Air was 
then forced through the column to remove excess of solvent. Minor components running 
ahead of component V were collected in the eluate. The remaining zones were separated 
mechanically and the actinomycins extracted with benzene. Alternatively, when the 
component was present in small amounts only, a more complete recovery was obtained by 
eluting the actinomycin from the impregnated cellulose with water, then extracting it in benzene. 

Two procedures were used for obtaining crystalline products; (a) The solution was extracted 
once with dilute sodium carbonate solution, then washed with water, and the solvent removed 
in vacuo. The residual actinomycin was crystallized to constant m,. p. from the appropriate 
solvent, (b) The solution was passed through a column of silicic acid (Mallinkrodt 2847), the 
actinomycin being strongly adsorbed. The column was washed thoroughly with benzene and 
developed with pure ethyl acetate. The actinomycin was recovered from the column by 
extrusion and elution of the appropriate section with methanol. Concentration of the methan- 
olic solution and, where necessary, addition of an equal volume of di-n-butyl ether yielded 
crystalline actinomycin which required no further purification. 

Whenever possible, these operations were carried out in the dark and under nitrogen to 
avoid photocatalytic oxidation of the actinomycin. A solvent system consisting of di-n-butyl 
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ether-ethyl acetate-10% aqueous sodium o-cresotinate (3:1: 4) also gave good separation of 
actinomycin components. It was less satisfactory than that described above because of the 
large amounts of a non-volatile liquid contaminant originating from the cresotinate which 
remained with the actinomycin after evaporation of the solvent in vacuo when procedure (a) 
was used. Separation of the actinomycin from this contaminant could only be achieved by 
chromatography on silicic acid, as in procedure (b). 

The actinomycins crystallized well from acetone— or ethyl acetate-carbon disulphide, except 
components Ay and By, for which either methanol or methanol-di-n-butyl ether proved more 
satisfactory, The actinomycin complexes investigated in this way each separated on the 
column into zones which corresponded to those found by circular paper chromatography. An 
additional yellow zone at the upper surface of the column was due to degraded material, From 
the actinomycins produced by cultures (i) 3436, (ii) 3723, and (iii) 3677, components (i) A,, 
Ayy, and Ay, (ii) B,, By, and By, and (iii) Dy, were isolated. In addition the fraction By, 
from the actinomycin produced by culture 3723 was concentrated and crystallized. Circular 
paper chromatography of each fraction demonstrated its purity, except in the case of by, 
which on resolution in di-n-butyl ether~s-tetrachloroethane-!0°%, aqueous sodium o0-cresotinate 
(5: 1: 6) was found to consist of six components (Table 2). 

Amino-acid Analysis.-Samples (5 mg.) of actinomycins B,, By, By, Ay, Ay, and Dy were 
hydrolysed in sealed tubes at 100° for 48 hr. with 20% hydrochloric acid (1 ml.), then the 
olutions were evaporated repeatedly to dryness in a vacuum-desiccator over sodium hydroxide. 
The residues were each redissolved in distilled water (0-26 mg.), filtered, and applied in measured 
amounts from a micropipette to filter-paper strips (Whatman No. 1). The strips, together 
with a series containing standard amounts of L-threonine, sarcosine, L-proline, p-valine, and 
N-methylvaline were transferred to a large tank and subjected to descending chromatography 
in the solvent system butan-2-ol-3% aqueous ammonia (7: 2) for three days." The solvent 
was allowed to drip from the serrated lower edge of the paper strips. The chromatograms 
were dried in a current of air and dipped in a freshly prepared solution of ninhydrin (0-2%) in 
acetone containing acetic acid (1%). After drying for 30 min. in air, the papers were placed 
for a further 20 min, at 90° over a tray of water. They were then stored in a desiccator in 
the dark until the colour intensity of the zones could be measured with a densitometer. Good 
resolution was obtained of the five amino-acids present in each of the actinomycins. The 
concentrations were calculated from a comparison with the colour intensity produced by known 
concentrations of the corresponding standards, Duplicate analyses showed good agreement 

In a similar experiment, the chromatograms were sprayed with a solution of isatin (0-2%) 
in butan-]-ol containing acetic acid (4%), then kept for 24 hr. in the dark to allow development 
of the colour. The proline content determined by this method agreed well with the values 
obtained above. 


Ihe authors are indebted to Drs. G. W. Downing of Merck and Co., Inc. Rahway, N.J., 
J. A. Aeschlimann of Hoffmann La-Roche Inc., Nutley, N.J., and to the Baker Chemical Co., 
aston, Pa., for generous gifts of samples, and to Mr. A. D. Mebane of Ortho Research 
Foundation, Raritan, N.J., for the infrared spectra, One of them (G. G. R.) acknowledges 
the award of a fellowship from the Institute of Microbiology, Kutgers University. 
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479. The Extraction of Indium from Hydrobromic Acid into Mixed 
Organic Solvents.* 
By H. Irvine and F. J. C. Rossorrti. 
In agreement with theory, the logarithm of the distribution coefficient of 
indium between hydrobromic acid and mixtures of isobutyl methyl ketone 


with methyl isopropyl ketone, with cyclohexane, and with benzene, is shown 
to be a linear function of the mole fraction of the second solvent. 


ALTHOUGH tributyl phosphate has proved most valuable for the solvent extraction of 
certain inorganic salts,! for purposes of back-extraction it is generally necessary to reduce 
the very high value of the distribution ratio, g, either by adding an appropriate complex- 
forming agent to the aqueous phase, or by adding to the organic phase a diluent, ¢.g., kero- 
sene, for which q is smaller or negligible. The paucity of quantitative information on the 
extraction of inorganic solutes into mixtures of organic solvents prompted the following 
investigation. 

The thermodynamic partition coefficient, /",, the standard chemical potential, G®, of 
a given solute in an aqueous phase (saturated with the slightly miscible organic solvent A), 
and the standard chemical potential, G°,, in the organic solvent (saturated with water) 
are related by the equation : ; 
RT In p™, = G? — Gs ie ee a 


Changes in the extent of the mutual solubility of the phases caused by the addition to the 
aqueous phase of, ¢.g., mineral acid or salts will affect both G° and G*,, so that the value 
of the partition coefficient may vary with the composition and concentration of the parti- 
tionable solute and the salting-out medium. This introduces serious difficulties in the 
quantitative interpretation of the solvent extraction of inorganic salts * though these may 
be minimised by choosing an organic solvent such that the mutual solubility of the phases 
remains virtually unchanged as the concentrations of inorganic salts or of mineral acid are 
widely varied.*.4 

Where conditions are such that the standard chemical potential, G°y, in a mixture of 
two organic solvents, A and B, can be related to G°,, G’y, and to Ny the molar fraction of 
B, by the expression for a simple binary mixture : 


Gx ™ (1 - Ny)G"s t NyG’s, ' , ; . . (2) 


combination of equations (1) and (2) gives for the partition of a solute between mixed 
solvents and water 


RT in pT y = (G° — Gs) —Na(G'n—-G%) .« «ee (8) 


In the solvent extraction of metal halides from mineral acids it has been shown * that 
the experimentally measurable distribution ratio, defined by : 


(total concentration of metal in the organic phase) 
(total concentration of metal in the aqueous phase) 


is a function of pT, and the concentration of hydrogen ions, metal ions, and anions. If 
arbitrary values are assigned to these variables and the concentration of metal is sufficiently 
low, the function takes the simple form [cf. equation (5) of ref. 2] : 


log g = log P+ Constant. he? dare en 


* Part VI of a group of papers of which Parts I—V appeared in /., 1956, 1906, 1920, 1927, 1938, 
and 1946 respectively, 

' Irving, Quart. Rev., 1961, §, 200. 

* Irving, Rossotti, and Williams, /., 1955, 1906, 

* Irving and Rossotti, J., 1955, 1927. 

‘ Idem, J., 1955, 1946 


2476 Extraction of Indiwm from Hydrobromic Acid, etc. 


Finally, if the logarithm of the activity coefficient of the solute in the mixed organic solvents 
is proportional to the mole fraction, Ny,° a combination of the above equations leads to a 
linear relation of the form : 


log gu = logga — Nu(logqa—loggn) . . ., . . (5) 


Equation (5) was tested by measuring the distribution ratio of indium at a constant tracer 
concentration from a fixed concentration of hydrobromic acid into isobutyl methyl ketone 
and its admixture with other solvents for which the partition was more, or was less, favour- 
able. The results are shown in the Figure. At any given concentration of hydrobromic 
acid, g for methyl isopropyl ketone is greater than g for isobutyl methyl ketone; for 
mixtures, log gy is an exactly linear function of the mole fraction of the former. cyclo- 
Hexane appears * to be incapable of extracting indium from hydrobromic acid (g ~ 0), and 
its addition to ssobutyl methyl ketone reduces log gy in proportion to the mole fraction of 


The extraction of indium from hydrobromic acid into 
mixtures of isobutyl methyl hetone with: 
A, Methyl isopropyl ketone. 
B, cycloHexane. 
C, Benzene. 


20 a en a 
0 02 0-4 06 08 0 


Molar fraction of second solvent Ne 


diluent over the whole range of values of distribution ratio which were experimentally 
significant. For benzene, q is also effectively zero, and admixture with isobutyl methy! 
ketone again reduces log gy in proportion to the mole fraction of diluent until it reaches 
0-3—0-4; thereafter the rate of diminution of log gy shows a marked increase. The de- 
partures from linearity are doubtless related, among other factors, to the decreased capacity 
of the dsobutyl methyl ketone to solvate the partitioning species, HInBr,, and emphasise 
the many simplifying assumptions made in deducing equation (5). 

Since, from equation (5), 8 log qu/@Ny = —(log qa — log qx), it is possible to estimate 
a value for gx, the distribution ratio for indium between the diluent solvent and 0-5n-hydro- 
bromic acid, from the measured slopes in the Figure and a knowledge of q, for isobutyl! 
methyl ketone. For benzene and cyclohexane the value obtained is ca. 4 x 10°. 


EXPERIMENTAL 
Mixtures of organic solvents were prepared from (20 — x) ml. of isobutyl methyl ketone and 
x ml. of methyl isopropyl ketone, cyclohexane, or benzene. Within the limits of experimental 
error there were no volume changes on mixing, although the usual volume changes were observed 


* Scatchard, /. Amer. Chem. Soc., 1925, 47, 2098; 1927, 49, 217; Akerlof, ibid., 1930, 52, 2353; 
Butler and Thomson, Proc. Roy. Soc., 1933, A, 141, 86 
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on equilibration with an aqueous phase.** For each series of experiments a stock solution of 
14Jn, at a suitable level of activity for direct assay, was prepared in hydrobromic acid of the 
desired concentration. Equal volumes (20 ml.) of this indium bromide solution and of organic 
solvent were equilibrated for 5 min. and all measurements were carried out as described 
previously. In the annexed Tables, gy, is the experimentally determined distribution ratio, 
and N, the mole fraction of methyl isopropyl ketone, cyclohexane, or benzene severally. 


I. Mixtures of isobutyl methyl ketone and methyl isopropyl ketone. 5-14 &* 10°*m-Indium in 0-2n-HBr 
0-0 0-280 80-538 0-778 1-00 
1-07 1-97 3-48 5-53 8-32 
Mixtures of isobutyl methyl ketone and cyclohexane. 5:14 © 10°*m-Indium in 0-6n-HBr, 


0-0 0-0344 00687 0-135 0-199 O317 0-406 0-584 1-00 
13-24 10-6 7-48 3-92 1-05 O47 00665 00 Oo 


Mixtures of isobutyl methyl ketone with benzene. 5 * 10°*m-Indium in 0-5nN-HBr 
0-0 0-0288 00574 06-142 0-278 0-410 0536 0-776 0-891 1-00 
9-85 7-15 3°85 0-854 0-161 0-034 00265 0-O118 0-0 
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480. The Synthesis of 1 : 2-Dihydro-1-oxo-5'-phenylfurano- 
(2’ : 3’-3 : 4)isoquinoline. 
By A. S. Battey and D. L. SwALiLow. 

A general method for the preparation of 4-phenacylhomophthalimides is 
described; their cyclisation leads to derivatives of furano(2’: 3’-3 : 4)iso- 
quinoline, 

HEATING $-benzoyl-a-(2-carboxy-3 : 4-dimethoxypheny]!)propionitrile (I; R = OMe) with 
mineral acid causes loss of water and formation of a compound which was thought to be 
| : 2-dihydro-7 : 8-dimethoxy-1-oxo-5’-phenylfurano(2’ : 3’-3 : 4)¢soquinoline (II; R = OMe, 
R’ = H).! The reaction was shown # to be general for compounds of type (I), and the 
alternative structure, 7 : 8-dimethoxy-5’-phenylpyrrolo(2’ ; 3’-3: 4)isocoumarin (III; 
R = OMe), was put forward by analogy with the cyclisation of a-aryl-f-benzoyl- 
propionitriles to form pyrrole derivatives.? It was, therefore, decided to attempt the 
.synthesis of the furano-compound (II; R = R’ = H) to distinguish between these 
alternatives. 

It is reported ! that 4-acylhomophthalimides are readily alkylated with sodium ethoxide 
and an alkyl halide, but attempts to prepare the phenacylimide (IV; R = CHyCOPh) by 
treating 4-acetyl-2-methylhomophthalimide (IV; K = H) with phenacyl bromide failed, 
although phenacy! halides readily react with sodioacetoacetic ester and sodiomalonic ester.4 
Alkylation of N-substituted homophthalimides gives mainly 4: 4-dialky! derivatives,® 
and treatment of 2-methylhomophthalimide with phenacyl bromide was said to give 
2-methyl-4 : 4-diphenacylhomophthalimide.4_ We have repeated this preparation and 
observed that the monosubstitution product, 2-methyl-4-phenacylhomophthalimide (V ; 
R = Me), is also formed; the two compounds are easily separated by crystallisation from 
acetic acid. Structure (V; R = Me) is supported by the fact that the compound is soluble 
in sodium hydroxide solution, forms a 2: 4-dinitrophenylhydrazone, and on alkaline 
hydrolysis affords the acid * (VI). The overall yield of the phenacyl compound (V; R = 
Me) is too small for the method to be of preparative value and a more general method was 


sought. 
Homophthalimide and its N-alkyl derivatives condense with aldehydes,* and treatment 


1 Haworth, /., 1937, 1312. 

* Bailey and Robinson, /., 1950, 1375; Bailey and Staunton, J., 1952, 2153, 

* Rogers, J., 1943, 590; Davies and Rogers, /., 1944, 126; Knott, /., 1047, 1196. 

* Paal, Ber., 1883, 16, 2866; Dalgliesh, /., 1952, 137. 

* Harriman, Shelton, Van Campen, and Warren, /. Amer. Chem. Soc., 1945, 67, 1481. 

* Haworth and Pink, J., 1927, 2345; Buu-Hoi, Bull, Soc. chim. France, 1945, 12, 313; Forrest, 
Haworth, Pinder, and Stevens, /., 1949, 1311. 
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of 2-methylhomophthalimide with phenylglyoxal in the presence of pyridine as catalyst 
gave an excellent yield of 2-methyl-4-phenacylidenehomophthalimide (VII; K = Me). 
Reduction of the latter afforded 2-methyl-4-phenacylhomophthalimide (V; R = Me). 
Cyclisation of 1 ; 4-diketones to furans is readily accomplished by heating them with 
polyphosphoric acid 7 and by this method the compound (V; R = Me) yielded 1 : 2-di- 
hydro-2-methyl-1-oxo-5'-phenylfurano(2’ : 3’-8: 4)isoquinoline (Il; R =H, R’ = Me) 


~— CH ————— CH, 


' 
C=N-—>C =O 
VA | SP 


CH,)*COPh 
i 


CH 
CO}H 


K CcOMe 


~CO>H 


(IV) (VII) (VI) 


which showed an intense blue fluorescence in dilute solution, did not form a 2 : 4-dinitro- 
phenylhydrazone, and was stable to alkali. The infrared spectrum of the compound 
showed two intense bands, at 1639 and 1626 cm.-!; the infrared spectrum of N-methyl- 
phenanthridone (VIII) contains a carbonyl band at 1647 cm.! with a shoulder at 
1656 cm.-, An alternative structure (IX) for the cyclisation product was rejected since 
uch a compound ought to be soluble in alkali (acidic hydrogen at position 4 of the iso- 
quinoline ring), and its infrared spectrum would show the two carbonyl bands of a cyclic 
imide; the infrared spectrum of 2-methylhomophthalimide contains bands at 1709 and 
1664 cm.“?. . 

Treatment of the homophthalimide (V; R = Me) with concentrated sulphuric acid 
gave a furanoisoquinolone containing a sulphonic acid group; the same compound was 
obtained by similar treatment of the furano-compound (II; R =H, R’ = Me); the 
position of the sulphonic acid group is not known. 

Since homophthalimide is only sparingly soluble in ethanol it was condensed with 
phenylglyoxal in pyridine at room temperature, affording 4-phenacylidenehomophthal- 
imide (VIL; R = H) which was then reduced to 4-phenacylhomophthalimide (V; R = H), 
and the last-named cyclised with polyphosphoric acid to 1 : 2-dihydro-l-oxo-5’-pheny!- 
furano(2’ : 3’-3: 4)isoquinoline (II; R = R’ =H). This compound (m. p. 280—282°) 
was different (colour, mixed m., p., and infrared spectrum) from the pyrrole (III; R = H) 
(m. p. 278—-280°) obtained * by the action of acid on the starting material (I; R = H), 
confirming the correctness of the suggestion made by Bailey and Robinson # regarding the 
structure of the cyclisation products of compounds of type (I). The infrared spectrum of 
the furano-compound (II; R = R’ = H) contains bands at 1634 and 1603 cm.~ consistent 
with a CO-NH structure, whilst the infrared spectrum of the pyrrolo-compound (III; 


’ Nowlin, J. Amer. Chem. Soc., 1960, 72, 5754. 
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R = H) shows bands at 1718 and 1707 cm.~! typical of a lactone; the latter compound 
absorbs at distinctly longer wavelengths in the ultraviolet region than the former (see 
Figure). 

Absorption spectra 


Li 
2500 3000 J500 4000 


Wove/length (i) 


2-Methylhomophthalimide, - (A); 2-methyl-4 honarythomaphinatienide (V; R Me), (B); 
2-methyl-4- -phenacylidenehomophthalimide (VI R = Me), —+—+-—~ (C); 4-phenacylidenehomo 
phthalimide (VIL; R =H), (D); 1:2 -dibydro- 1-ox0-5’ -phenylfurano(2’ 3-3: A)isoquinoline 
(II; R = R’ = H), (i); '6'-phenylpyrrolo(2’ 3’-3 : 4)isocoumarin (IIL; K H), ~~=--= (F) 


During the purification of the phenacylidene derivative (VII; R = Me), it was observed 
that the m. p. (200°) varied with the solvent used for crystallisation, and refluxing the 
compound with acetic acid gave a product of m. p. 285°, It was originally thought to be a 


(VIN) (IX) 


geometrical isomer due to the presence of the exocyclic ethylenic bond.* The compound 
did not react with 2 : 4-dinitrophenylhydrazine and could not be reduced to the phenacy! 
analogue (V; R= Me). Bromination was then found to give a product Cs,H,,O,N,Br, 
indicating that the compound, m. P- 285°, is in fact a dimer of (VIL; R = Me) and a 
molecular-weight determination in benzene confirmed this. «$-Unsaturated ketones are 
known ® to form eyelobutane derivatives, but a structure such as (X) ought to be rather 


* (a) Conant and Cutter, J. Amer. Chem. Soc., 1922, 44, 2651; (b) Conant and Lutz, thid , 1923, 45, 
1303; (c) Lutz and Bailey, ibid., 1945, 67, 2229 
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unstable and would be expected to form a dibromo-compound and possibly a 2 ; 4-dinitro- 
phenylhydrazone, It is hoped to report later on the structure of this dimeric product. 


EXPERIMENTAL 

Ultraviolet absorption spectra were determined in EtOH unless otherwise stated; infrared 
spectra were measured on Nujol mulls. 

Homophthalic acid was prepared as described by Fieser and Pechet,” except that the 
sulphuric acid was diluted with half its volume of water before being added to the chromic 
acid-indene mixture; this markedly reduced the formation of tar and gave a much cleaner 
product. 

Homophthalimide,“-Homophthalic acid (10 g.) was dissolved in aqueous amraonia (15 c.c. ; 
d 0-88), and the solution evaporated to dryness in vacuo; more ammonia (5 c.c.) was added and 
the evaporation repeated, o-Dichlorobenzene (20 c.c.) was then added and the mixture heated 
at 200° (oil-bath), the dichlorobenzene being allowed to distil away. The liquid was cooled and 
methanol (20 c.c.) added. Next day the solid was collected and washed with methanol, giving 
the imide (7-4 g.), m. p, 234-—236° (decomp.), unchanged by crystallisation from aqueous 
pyridine. This method gave a cleaner product than direct heating * of the ammonium salt. 
Light absorption: Ay4, 2400 (¢ 12,460) and 2800 A (e 1465); infrared bands at 3155, 3058, 
1704, 1678, and 1610 cm.“. 

/-Methylhomophthalimide * formed needles (from aqueous acetic acid), m. p. 123°, and had 
vom, 2450 (€ 12,100) and 2800 A (¢ 1334), and infrared bands at 1709, 1664, and 1608 cm.™, 
4-Acetyl-2-methylhomophthalimide.—(a) (cf. Haworth.) After one crystallisation from 
methanol the product had m, p. 85—113° (52%); two more crystallisations gave a product of 
m. p. 116° in very small yield, Haworth reported a 70% yield and m. p. 113°. (b) (cf. Voaden, 
Ii.Sc. Thesis, Oxford, 1953.) 2-Methylhomophthalimide (2-25 g.) was dissolved in dry pyridine 
(14 ¢.c.), and acetic anhydride (1-2 c.c,) added dropwise with shaking. After 4 hr. the solution 
was acidified with a mixture of acetic acid (8 c.c.) and water (12 cc.). The solid was collected, 
and crystallised from methanol; it had m. p. and mixed m. p. 115° (2-10 g.), Aug, 2350 
(¢ 24,300), 2860 (e 6700), and 3400 A (¢ 11,500), 

2-Methyl-4-phenacylhomophthalimide.—-Sodium (0-46 g.) was dissolved in dry methanol 
(10 ¢.c.), and a solution of 2-methylhomophthalimide (3-5 g.) in warm methanol (40 c.c.) added, 
followed by phenacyl bromide ™ (4 g.), The mixture was refluxed for 0-5 hr.; a precipitate of 
sodium bromide rapidly separated. The mixture was then poured into water, and the flocculent 
precipitate collected, washed, dried, and crystallised from glacial acetic acid, giving 2-methyl- 
4: 4-diphenacylhomophthalimide (1-53 g.), m. p, 247—-248° (Found: C, 75-5; H, 49; N, 3-2. 
Cale, for CygH,,O,N: C, 76-9; H, 5-1; N, 34%). Haworth! reports m. p. 247—248°. Light 
absorption : Apa, 2600 (e 37,000) and 2800 A (¢ 3800). The acetic acid mother-liquors 
were poured into water, and the white precipitate collected and dried (1-72 g.) (m. p, 134 
135°). Crystallisation from ethanol gave 2-methyl-4-phenacylhomophthalimide as needles, m. p. 
138° [Found : C, 73:3; H, 6-1; N, 46%; M (cryoscopic in camphor), 226. C,,H,,O,N requires 
C, 73-7; H, &1; N, 48%; M, 293). Light absorption: 2,4, 2450 (¢ 27,000) and 2800 A 
(e 3100). The infrared spectrum had bands at 1712, 1661, 1605, and 1592 cm... Attempts to 
increase the proportion of monophenacy] derivative by varying the quantities of reagents were 
unsuccessful, The 2: 4-dinitrophenylhydrazone crystallised from acetic acid as orange prisms, 
m, p. 180-—182° (Found: C, 60-4; H, 4:2; N, 148. C,,H,,O,N, requires C, 60-8; H, 4-0; 
N, 148%) 

Hydrolysis of 2-Methyl-4-phenacylhomophthalimide.-A solution of the imide (0-5 g.) in 
_-potassium hydroxide (10 ¢.c.) was refluxed for 6 hr. in an atmosphere of nitrogen, The 
solution was cooled and acidified with hydrochloric acid; an oil separated which slowly 
solidified. The solid was collected and dissolved in N-potassium hydroxide, and the solution 
carefully acidified until a small quantity of brown solid separated; this was removed and the 
solution made strongly acid, yielding a pale yellow solid. Two crystallisations from 50% acetic 
acid gave §-benzoyl-a-o-carboxyphenylpropionic acid, m. p. 180-—181° (decomp.), identical with 
a specimen prepared by Bailey and Staunton * (mixed m. p. and infrared spectrum). 


* Raphael in “ Chemistry of Carbon Compounds,” ed, Rodd, Elsevier, Amsterdam, 1953, Vol. ITA, 
is 
© Fieser and Pechet, J. Amer, Chem. Soc., 1946, 68, 2578; cf. Org. Synth., 1949, 29, 49. 
'! U.S.P. 2,351,301; Chem. Abs., 1944, 38, 5228 
'* Gabriel, Ber., 1886, 19, 1654, 2363. 
'* Org. Synth., Coll, Vol. IT, p. 480 


/ 
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2-Methyl-4-phenacylidenehomophthalimide.—2-Methylhomophthalimide (1 g.) was dissolved 
in boiling ethanol (10 c.c.) containing pyridine (5 drops), the solution poured on solid phenyl- 
glyoxal hydrate (2 g.),“ and the mixture refluxed on a water-bath for 10 min. The solution 
became green and after 2—3 min. a solid started to separate. After 2 hr. at 0° the solid was 
collected (1:54 g.; m. p. 185—186°). Two crystallisations from benzene gave 2-methyl-4- 
phenacylidenehomophthalimide as colourless, hexagonal prisms, m. p, 199-—200° [Found: C, 
74:1; H, 45; N, 48%; M (ebullioscopic in benzene), 280, C,,H,,O,N requires C, 742; H, 
45; N, 48%; M, 291). Light absorption: d,,,, 2450 (e 16,180), 3160 (¢ 3568), and 3300 A 
(ec 2755). The infrared spectrum contained bands at 1701, 1656, 1603, 1592, and 1577 cm.'. 
Warming the compound gently with 2n-alkali gave a deep green solution; the compound gave 
a deep orange solution in concentrated sulphuric acid. The 2: 4-dinitrophenylhydraszone 
(prepared in propanol) crystallised from acetic acid as orange needles, m. p. 262--264° (decomp.) 
(Found: C, 60-9; H, 3-7; N, 14:3. C,,H,,O,N, requires C, 61-2; H, 3-6; N, 14-9%). 

A sample of 2-methyl-4-phenacylidenehomophthalimide which had been crystallised 3 times 
from butan-l-ol had m. p, ca. 270°. A solution of 2-methy!-4-phenacylidenehomophthalimide 
(5 g.) in glacial acetic acid (25 c.c.) was refluxed for 4 hr.; next day the solid (4,0-—4-4 g.) was 
collected (m. p. 280-—-285°). Two crystallisations from benzene-light petroleum (b. p. 
60—80°) gave the dimer as colourless prisms, m. p. 284—-285° (decomp., m. p. very sensitive to 
rate of heating) {Found : C, 74-5, 74-5; H, 4-6, 4-7; N, 4-8, 5-0%; M (ebullioscopic in benzene), 
609, 555. CygH,,O,N, requires C, 74:2; H, 4:5; N, 48%; M, 582). Light absorption : 
max. 2500 (c 30,620) and 3250 A (e 5390). ‘The infrared spectrum contained bands at 1715, 
1667, and 1600 cm."}. 

The dimer (1-0 g.) was dissolved in chloroform (15 c.c.) and bromine (0-18 c.c.) in chloroform 
(5 c.c.) added, After 7 days at room temperature the solution was washed with sodium 
hydrogen carbonate solution, dried (MgSO,), and evaporated. The residual oil was crystallised 
from benzene-light petroleum (b. p. 60-—80°) [yield 0-9 g.; m. p. 226-—-228° (decomp.)). 
Recrystallisation from benzene-light petroleum and then from toluene gave a bromo-derivative 
as white needles, darkening at 210°, m. p. 227-—-229° (decomp.), unchanged by further crystal- 
lisation from acetic acid (Found: C, 65-2, 65-2; H, 3-0, 3-75; N, 42, 40; Br, 12-3, 13-0. 
CygH,,0,N,Br requires C, 65-4; H, 3-8; N, 42; Br, 121%). 

The compound, m, p. 285° (1-0 g.), was suspended in water (5 c.c.), 2N-potassium hydroxide 
(1:75 c.c.) added, and the mixture heated to the b. p. An orange solid separated. Alcohol was 
added dropwise until the solid dissolved and the solution was then cooled. An amorphous, 
orange precipitate separated which was collected on a centrifuge; it contained potassium (flame 
test), did not appear to melt, and did not crystallise. Treatment of this solid with acetic acid 
yielded the starting materiai (m. p. and mixed m. p, 285°). 

Reduction of 2-Methyl-4-phenacylidenehomophthalimide. ’>—2-Methy|-4-phenacylidenehomo- 
phthalimide (1-0 g.) was dissolved in boiling dioxan (10 c.c.), and a solution of sodium dithionite 
(1 g.) in water (6 c.c.) added. The mixture was heated on a water-bath for 2-5 min., cooled, and 
diluted with water. A gum separated which rapidly solidified. It was collected, washed with 
water, and dried (m. p. 135—137°). Crystallisation from ethanol gave 2-methyl-4-phenacyl 
homophthalimide (0-72 g.), m, p. and mixed m, p. 136° (the infrared spectra of the two specimens 
were identical). Reduction was also effected by zinc and acetic acid,” stannous chloride,” 
and catalytically in benzene with palladium black. 

Reduction of the dimer, m. p. 285°, could not be accomplished by any of the above routes. 

1 : 2-Dihydro-2-methyl-1-oxo-5'-phenylfurano(2’ : 3’-3 : 4)isoquinoline.—A mixture of syrupy 
phosphoric acid (2 c.c.) and phosphoric oxide (1-0 g.) was heated at 100° for 1 hr., 2-methyl-4- 
phenacylhomophthalimide (0-5 g.) added, and the mixture kept at 120° for 1 hr., then cooled, 
and poured on ice. The solid which separated was collected, washed with water, and dried 
(0-48 g.; m. p. 190—195°). Crystallisation from ethanol gave the furan as pale cream needles, 
m. p. 199° (Found: C, 78-2; H, 48; N, 5-0. C,,H,,O,N requires C, 78-6; H, 47; N, 51%). 
Light absorption: 4, 3100 (e 19,100), 3550 (ec 12,000), and 3650 A (e 10,900). The infrared 
spectrum contained bands at 1639, 1626, 1603, 1582, 1567, and 1527 cm“. The compound is 
insoluble in hot, dilute hydrochloric acid and 2n-sodium hydroxide and does not react with 
2: 4-dinitrophenylhydrazine. Dilute alcoholic solutions of the furan have a strong blue 
fluorescence; the solution in concentrated sulphuric acid is green. The product was recovered 


'* Org. Synth., Coll. Vol. II, p. 509. 

'* Lutz and Taylor, J. Amer. Chem. Soc., 1933, 65, 1177; Bailey, Waggoner, Nowlin, and Rushton, 
ibid., 1964, 76, 2240. 

* Lutz and McGinn, ibid., 1942, 64, 2585 
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unchanged after refluxing with 5% alcoholic potassium hydroxide (6 hr.) and formed a crystalline 
adduct, m. p. ca. 150° (decomp.), with 1: 3: 5-trinitrobenzene. Attempts to crystallise the 
complex resulted in its decomposition (Found, in crude material: C, 61-8; H, 3-4; N, 10-6. 
Calc. for CyH,,O,N,: C, 59-0; H, 3-3; N, 115%). 

2-Methyl-4-phenacylhomophthalimide (0-5 g.) was dissolved in concentrated sulphuric acid 
(6 ¢.c.), kept at room temperature for 30 min,, and then poured on ice. The solid was collected 
and crystallised from ethanol-ethyl acetate. The su/ .honic acid formed pale yellow prisms, 
m, p. 203-—-205° (decomp.) (Found : C, 68-3; H,4-0; N, 3-8; 5,86. C,,H,,O,NS,H,O requires 
C, 58-0; H, 40; N, 3-8; S, 86. Found, after drying at 130° for 5 hr.: C, 59-0; H, 3-8; N, 
36. CygH yO NS,4H,O requires C, 59-4; H, 3-8; N, 38%). Light absorption: 2,,, 3300 
(c 23,060) and 3600 A (e 22,530). The infrared spectrum contained bands at 1637 and 1600 cm."'. 
1 : 2-Dihydro-2-methyl-1-oxo-5’-phenylfurano(2’ : 3’-3 ; 4)-tsoquinoline (0-1 g.) was dissolved in 
concentrated sulphuric acid (2c.c.). After 30 min. at room temperature the blue-green solution 
was poured on ice, The oil which separated rapidly solidified. Crystallisation gave the 
sulphonic acid, m. p. and mixed m. p, 293° (decomp.). Dilute alcoholic solutions of the sulphonic 
acid showed an intense blue fluorescence. 

4-Phenacylidenehomophthalimide.—-Homophthalimide (5 g.) was dissolved in warm pyridine 
(75 ¢.c.), the solution cooled to room temperature, and phenylglyoxal hydrate (10 g.) in pyridine 
(25 c.c.) added. After 1 hr. the green solution was poured into water, and the solid collected, 
washed well with water and dried at 100°, The product was dissolved in boiling dioxan, and 
an equal volume of ethanol added to the filtered solution, giving a pale pink solid (6-1 g.) 
softening at 205-—-210°, m. p. 220—225°. Two further crystallisations from dioxan-ethanol 
gave colourless needles, softening at 210°, m, p. 220-—225°, resolidifying and melting at 294 
296° (decomp.) (m, p. 227--230° from a bath at 200°) (Found: C, 72-0; H, 45; N, 43. 
Cy H,,O5N,4H,0 requires C, 71-4; H, 4:2; N, 4-9. Found, after drying at 110° for 24 hr. : 
C, 748; H, 43; N, 60. C,,H,,O,N requires C, 73-6; H, 40; N, 50%). Light absorption : 
max, 2450 (¢ 18,600), 24,9 3050 A (e 4677). The infrared spectrum contained bands at 3165, 
3058, 1709 (shoulder), 1689, 1658, 1616, 1600, and 1580 cm.“. The compound dissolved 
in 2n-sodium hydroxide to form a deep green solution. The 2: 4-dinitrophenylhydrazone formed 
orange prisms, m. p. 244-——246° (from 2-methoxyethanol) (Found: C, 60-3; H, 3-4; N, 15-1. 
CogH,,OgN, requires C, 60-4; H, 3-3; N, 16-3%). 

4-Phenacylhomophthalimide.-A solution of 4-phenacylidenehomophthalimide (1-5 g.) in 
2-methoxyethanol (75 c.c.) was hydrogenated in the presence of palladium black (0-2 g.) at 
room temperature (uptake 120 c.c. in 30 min.), Solid then started to separate from the solution. 
When absorption ceased the mixture was boiled and filtered, half the solvent was removed 
in vacuo on a water-bath, and water (35 c.c.) added to the residue. The resulting solid product 
formed colourless prisms, sintering at 230°, m. p. 248-—-260° (Found: C, 72-6; H, 46; N, 4-9. 
Cy,HyO,N requires C, 73-1; H, 47; N, 6-0%). Light absorption: 2.,,, 2800 A (e 3960) in 
CHCI,. The infrared spectrum had bands at 3165, 3058, 1715, 1684, 1605, and 1595 cm."!. 

1 : 2-Dihydro-1-oxo- 5’ -phenylfurano(2’ ; 3’-3 : 4)isoquinoline.—4 - Phenacylhomophthalimide 
was cyclised with polyphosphoric acia (110—120°; 1 hr.) as described for the 2-methyl deriv 
ative, giving the furan (74%), crystallising from acetic acid as very pale cream plates, m. p. 280 
282° (decomp.) (Found: C, 77-7; H, 4:2; N, 5-6. C,,H,,O,N requires C, 78-2; H, 4:2; N, 
54%). Light absorption: d,,, 3050 (e 11,900), 3150 (e 11,800), and 3550 A (ec 8370). The 
infrared spectrum contained bands at 2041-2632 (broad band), 1634, 1603, 1550, and 1481 cm."'. 
The m. p. was lowered 20° by admixture with the compound (III; RK « H). A dilute alcoholic 
solution had an intense blue fluorescence; the solution in concentrated sulphuric acid was 
emerald-green, The substance was soluble in warm, dilute sodium hydroxide solution and did 
not react with 2: 4-dinitrophenylhydrazine. 

A solution of 4-phenacylhomophthalimide (0-2 g.) in concentrated sulphuric acid (5 c.c.) was 
kept at room temperature for 30 min. and then poured on ice. The sulphonic acid formed pale 
cream prisms (from ethanol-ethyl acetate), m. p. 318--320° (decomp.) (Found: C, 56-9, 57-0; 
H, 3-3, 3-0; N, 3-7. C,,H,,O,NS,H,O requires C, 56-9; H, 3-6; N,3-9%). The acid showed an 
intense blue fluorescence in dilute alcoholic solution. 

5’-Phenylpyrrolo(2’ ; 3’-3 ; 4)isocoumarin,* m. p. 278-—-280°, had ,,,, 2270 (e 45,100), 3150 
(e 21,750), and 3900 A (e 7492), and infrared bands at 3215, 1718, 1701, 1626, 1600, 1360, 1543, 


and 1529 cm."!. 
One of us (D. L. S.) thanks the Derbyshire Education Committee for financial assistance. 


Dyson Perrins LABORATORY, Oxrorpd UNIVERSITY [Received, February 9th, 1956} 


1956} Barton and Porter. 2483 


481. The Rearrangement of Ketones containing Tertiary Alkyl 
Groups. 


By S. Barton and C. R. Porter 


Ketones in which the carbonyl group is attached to two /ert,-alkyl groups, 
or one tert. and one sec.-alkyl group, rearrange under the influence of 
sulphuric acid to ketones containing a primary alkyl group. The use of 
labelled carbon shows that migration of the oxygen atom is not involved in 
the reaction. 


Tue formation of 3:3: 4: 4-tetramethylpentan-2-one by the action of sulphuric acid on 
di-tert.-butyl ketone ! suggested the use of this reaction as a convenient means for the 
synthesis of compounds containing contiguous quaternary carbon atoms. 

The effect of concentrated sulphuric acid on fert.-butyl 1 : 1-dimethylpropyl, tert.-buty! 
isopropyl, tert.-butyl neopentyl, tert.-butyl ethyl, diisopropyl, and ditsobutyl ketone was 
therefore investigated. Only in the first two cases were good yields of rearrangement 
products (4: 4: 5: 5-tetramethylhexan-3-one and 3 : 3 : 4-trimethylpentan-2-one) obtained. 
More than 90°, of the original ketone was recovered in each of the other cases. These 
results suggest that, for rearrangement to take place, it is necessary for the carbonyl group 
to be attached to two quaternary carbon atoms or one quaternary and one ternary carbon, 
Favorski* showed that fert,-butyl phenyl ketone was converted into 3-methyl-3-phenyl- 
butan-2-one by heating it with zinc chloride, and a number of workers * have investigated 
the rearrangement of ketones in which the carbonyl group is attached directly to an 
aromatic group. They also found that it is necessary for the carbonyl group to be attached 
to a quaternary or ternary carbon atom. Aldehydes in which the carbonyl group was 
attached to a ternary carbon were also rearranged to ketones. 

Zook and Paviak* report a 9% conversion of tert.-butyl ethyl ketone into 2: 2-di 
methylpropyl methyl ketone, identifying the product by means of infrared spectrometry. 
In the present work no attempt has been made to search for small amounts of rearranged 
products. 

Three mechanisms for the rearrangement have been suggested. Mechanisms A (Barton, 


H+ 
(A) CMe,-CO-CMe, <== CMe,-C(OH)-CMe, <== *CMe,-CMe(OH)-CMe, <= 
HO-CMe,-CMe-CMe, <= HO-CMe-CMe,-CMe, <= Me-CO-CMe, CMe, 


Fs ae 
He 
(B) CMe,-CO-Et = Me, Cee == Me, CMeft g— 
HO-CMe-CMe, Et agon™ Me-CO-CMe, Et 


*OH ... An OH To. 
HA | 
(C) CHMe,-COPh <eamt CHMey-CPh sent 'CHMe-CMePh sem CHMePh’COMe 


Morton, and Porter *) and B (Zook and Paviak *) involve the migration of the oxygen atom 
In mechanism C (Zalesskaya *) the oxygen remains attached to its carbon atom. The two 
types could thus be identified by use of labelled carbon. Di-tert.-butyl [“C)ketone was 
treated with sulphuric acid, and the rearranged ketone was oxidised to aa$6-tetramethy]- 
butyric acid, the silver salt of which with bromine or iodine gave radioactive carbon 
dioxide. A mechanism of the type proposed by Zalesskaya must therefore be correct 


' Barton, Morton, and Porter, Nature, 1952, 169, 373 

' Pavorski, Bull. Soc. chim. France, 1936, 3, 239 

' Danilov, Danilova, Tiffeneau, and others; see Zalesskaya, Zhur. obshchei Khim., 1948, 18, 1172, 
for a bibliography. 

* Zook col Paviak, J. Amer. Chem. Soc., 1955, 77, 2601 

° Zalesskaya, Zhur. obshchei Khim., 1948, 18, 1168 
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The ketones rearrange equally in the presence or absence of an inert solvent, although a 
small amount of decomposition takes place in its absence. When benzene is present, no 
toluene or butylbenzene is formed; so the methyl and the tert.-butyl group are presumably 
never completely separated from the rest of the molecule. Each of the three suggested 
mechanisms, however, postulates the intermediate formation of one or more large 
carbonium ions, but no evidence was found of the formation of tetramethylphenylpentanol. 
This may be due to the large size of the ion and the fact that it contains oxygen. 

The silver salt of tetramethylbutyric acid does not react normally with halogens. 
Two mols, of the salt are required to react with one of halogen, and this normally gives rise 
to an ester: 2R-CO,Ag + I, = R-CO,R 4+ CO, + 2AglI. In the present instance, the 
identifiable products are one mol. each of the free acid and carbon dioxide, and two of 
silver iodide, even when excess of bromine or iodine is used. This may be due to the 
difficulty of forming this ester or to its rapid hydrolysis by water; attempts to synthesise 
it by the usual methods were unsuccessful. 


EXPERIMENTAL 


Rearrangement of Ketones,—Except where otherwise specified, the ketones were shaken or 
stirred for 24 hr. with 7 vols, of benzene and 5 vols, of concentrated sulphuric acid, The mixture 
was poured on crushed ice, the aqueous layer extracted with benzene, and the benzene solution 
was dried and fractionally distilled. 

(a) Di-tert.-butyl ketone, b. p. 152°, ni? 1-4193, gave 85% of its weight of 3: 3: 4: 4-tetra- 
methylpentan-2-one, b, p. 165-56-—166-5°, m. p. 55°, identified by its semicarbazone, m. p. and 
mixed m, p, 204°, and by oxidation with 50% nitric acid to 1: 1: 2: 2-tetramethylbutyric acid, 
m. p, and mixed m, p. 196°. No toluene or fert.-butylbenzene was found. When toluene was 
used as a diluent, no other benzene derivatives were found in the product. When no organic 
solvent was used, the yield of rearranged ketone was somewhat less (75%). 

(b) tert.Butyl 2: 2-dimethylpropyl ketone, b. p. 174-6—175-5°, n® 1-4293, on treatment as 
above gave a fraction, b. p. 182°, ni? 14451. This gave no semicarbazone or dinitropheny]l- 
hydrazone, but was identified as 2; 2:3: 3-tetramethylhexan-4-one by analysis (Found: C, 
76-75; H, 13-15. CygH,,O requires C, 76-85; H, 12-95%), and by oxidation to tetramethyl- 
butyric acid with 560% nitric acid, 

(c) tert.-Butyl isopropyl ketone gave an 80% yield of 2: 3: 3-trimethylpentan-4-one, b. p. 
150—152°, ni? 1-4161, identified as semicarbazone, m. p. 150—151°, and by oxidation to aaf 
trimethylbutyric acid, m, p. 53°. 

(d) tert.-Butyl neopentyl ketone, tert.-butyl ethyl ketone, diisopropyl ketone, and diisobuty! 
ketone gave 85%, 90%, 97% and 90% yields respectively of unchanged ketone. 

Rearrangement of Di-tert.-butyl Ketone containing “C.—-(a) Preparation, ‘The carbon dioxide 
from barium carbonate (15 g.) containing 0-26 mc of “C was passed into 1-46m-ethereal fert.- 
butylmagnesium chloride (70 ml., 1:35 mols.). The crude aa-dimethylpropionic acid obtained 
in the usual way (7-5 y.; m. p. 15—20°) was mixed with benzoyl chloride (24 g., 1-15 mols.) and 
gradually heated to 180° during 3 hr. The chloride was obtained on distillation in vacuo (7-5 g., 
85%). tert.-Butylmagnesium chloride (75 ml.; 1-46M) was added dropwise to the acid chloride 
and anhydrous cuprous chloride (7 g.) in anhydrous ether. After refluxing, the mixture was 
poured on ice, and the crude ketone (7-9 g., 75% based on BaCO,) was separated, 

(b) Rearrangement, The crude ketone was shaken for 24 hr. with concentrated sulphuric 
acid (60 ml.) and benzene (75 mL). The mixture was poured on ice, and the rearranged ketone 
(8 @.) was isolated. On distillation the main bulk came over at 163-—167°. 

(c) Oxidation, The rearranged ketone (1-1 g.) was oxidised by refluxing 50% nitric acid 
(40 ml). After addition of water, the organic acid was extracted with ether. After one 
recrystallisation, the aaf$-tetramethylbutyric acid melted at 192—-194°, 

(d) Decarboxylation. lodine (0-26 g., 1-04 mol.) in dry benzene was added to the dry silver 
salt (0-5 g.) prepared from the above acid. No reaction occurred in the cold, but on warming 
nearly to the b. p, the colour was gradually discharged; the carbon dioxide evolved was carried 
by a slow stream of dry nitrogen into barium hydroxide solution. The barium carbonate 
(0-155 @., 80°) was filtered off and washed under conditions which excluded contamination by 
atmospheric carbon dioxide. The benzene solution was slightly coloured with iodine, and after 
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separation of silver iodide, the colour was removed by shaking with 0-3 ml. of 0-5~n-thiosulphate. 
The organic acid (0-152 g., 106%) was extracted from the benzene layer with aqueous sodium 
hydroxide, and isolated by acidification with mineral acid. The residual benzene solution on 
distillation, left only a very small amount of gum. 

rhe high yield of recovered acid and low yield of barium carbonate appear to be due to the 
difficulty of completely excluding water under the conditions of experiment. In some experi- 
ments in which insufficient precautions were taken, as much as 125% of recovered acid and a 
proportionately low yield of barium carbonate were obtained. In each case the yield of barium 
carbonate, based on the amount of acid not recovered, was about 80-85%. 

The acid from which the silver salt was prepared gave counts of 1380 and 1349 per min. with 
a Geiger-Miller counter. Under similar conditions the recovered acid gave counts of 1334, 
1291, and 1355, and the barium carbonate 1208 and 1124. 

Attempts to prepare the 2:2: 3-Trimethylbutyl Ester of aaBB-Tetramethylbutyric Acid,—(a) 
Equivalent amounts of the alcohol, acid, and trifluoroacetic anhydride were left at 60° for 6 hr. 
When the volatile products were removed in a vacuum-desiccator, the residue consisted of 
unchanged acid. Alternatively, the reaction product was separated into unchanged acid and 
alcohol by extraction of its chloroform solution with aqueous sodium hydrogen carbonate. 

(6) Refluxing the silver salt of the tetramethylbutyric acid with 2-chloro-2 : 3 ; 3-trimethy! 
butane in ether did not afford silver chloride. After several hours a small amount of black 
precipitate was formed, 

(c) 2:3: 3-Trimethylbutan-2-ol was shaken in dry ether with sodium till reaction ceased 
The undissolved sodium was removed and the mixture refluxed with the acid chloride prepared 
from tetramethylbutyric acid and thionyl chloride. No reaction appeared to take place, and 
unchanged acid and alcohol were recovered. 


The authors are indebted to Professors F. H. Garner and F, Morton for helpful advice and 
discussions, and to the Research Group of the Institute of Petroleum for financial assistance, 
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482. Thermodynamic Ionization Constants of Barbituric Acid and 
Some of its Derivatives. 


By A. I. Biaes. 


The thermodynamic ionization constants of barbituric acid and some of 
its 1: 5-, 1: 3-, 5: 5-, and 1: 5: 6-derivatives have been measured at 25° by 
spectrophotometric means, and the relation between these values and the 
possibilities of enolization has been discussed. 


RoBINSON and BicGs ! have shown that the determination of the ionization constant of a 
weak acid by spectrophotometric methods can be much improved in accuracy if use is 
made of a number of buffer solutions whose pH values have been determined with precision 
by workers at the National Bureau of Standards. If D, and D, are the optical densities 
of a solution of a weak acid in very acid and in very alkaline solution respectively, then the 
optical density of a solution of the same stoicheiometric concentration in a buffer of known 
pH is given by D = (Ll — a)D, + aD,, where « is the degree of ionization. The thermo- 
dynamic ionization constant of a weak acid, HA, is 


K = yummy mg | (yuan) = yuayamue|(1 — a) 


since yy approximates closely to unity in dilute solutions; the pH values in question 
are (— log yum) and therefore these, combined with measurements of optical density, 


' Robinson and Biggs, Trans. Faraday Soc., 1955, 61, 901 
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suffice to give K provided that y, can be estimated. It has been found! that a slight 
modification of Davies's equation : # 


log y = 0-6092/4/(1 4- 4) — O21 


suffices for dilute solutions at 25°. 

lhe buffers used in this work were (1} succinic acid~sodium hydrogen succinate mixtures, 
(2) sodium hydrogen succinate itself,? (3) primary and secondary sodium phosphate mix- 
tures,* or (4) borax,® the data quoted in the papers cited being sufficient to enable the pH 
to be calculated. 

We have recently had need for accurate values of the ionization constants of barbituric 
acid and a number of its derivatives as part of a programme of analytical work and we now 
report a number of measurements which are of interest in relation to the 

(ar en position of enolization.* Erlenmeyer, Epprecht, Lobeck, and Gartner’ 

| have shown that replacement of all four hydrogen atoms by deuterium 

oc occurs in a solution of barbituric acid (I) in heavy water: it follows that 

enolization must occur in at least two of the 1:2-, 1:6-, and 5: 6- 

positions (or the equivalent 2 : 3-, 3: 4-, and 4; 5-positions) and may occur 

in all three. We have found by potentiometric titration that, as might 

be expected, 5: 5-diethyl-1 : 3-dimethylbarbituric acid is devoid of acid 

properties and possesses no absorption at wavelengths of 241 my or longer, 

there is no absorption in the region where less fully substituted barbituric acids 
absorb freely. 

A trisubstituted acid, 5-cyclohexenyl-1 : 5-dimethylbarbituric acid in which enolization 
can occur only in the 2: 3- or 3; 4-positions, shows only weak acidity (pK 8-37) but, if 
there is a hydrogen atom in the 1-position, then, with increased possibility of enolization, 
the acidity is increased. Thus seven 5: 5-disubstituted acids were found to have pK 
values ranging from 7-73 to 7-99 (the 5-benzyl-5-ethyl acid having pK 7-45), 1.¢., they 
are about three times stronger. In 1: 3-dimethylbarbituric acid enolization can occur 
in the 4: 5- and 5: 6-positions and this leads to acidity of a much higher order (pK 4-68). 
Barbituric acid, the l-methyl acid, and the 1 ; 3-dimethyl acid have spectra of the same 
type (markedly different from that of the 5: 5-disubstituted acids) and it is therefore 
probable that they are structurally similar and enolization, which might be expected in 
the first two of these acids at the 2: 3- and 3: 4-positions, does not occur to any marked 
extent here. The decreasing acidity of barbituric acid (pK 4-04), the l-methyl acid 
(pA 4°35), and the 1: 3-dimethyl acid (pK 468) may therefore be ascribed to the intro- 
duction of methyl groups. Finally, if enolization is reduced by substitution in the 5- 
position, as in the 5-1sopropyl acid (pK 4-94), then, as would be expected, the acidity is 
also decreased, 

rhe value found for the 5: 5-diethyl acid, pX 7-97,, is in good agreement with that 
found by Manov, Schuette, and Kirk,® viz., 7-080, thus providing a cross-check on the 
reliability of our method and the accuracy of the buffer solution. 

lable 1 gives the detailed results from which the pK’s of barbituric acid and five of its 
derivatives have been calculated. The experimental pK values for eight 5: 5-disubsti- 
tuted derivatives of barbituric acid are reported in the Experimental section, together 
with the values found by Krahl. With the exception of 5: 5-diallylbarbituric acid, the 
pK values obtained for 5: 5-disubstituted derivatives of barbituric acid are greater by 
about 0-06 pK unit than those obtained by Krahl; the e.m.f. method used by him involved, 
however, liquid-junction potentials and this may well account for the difference. 


* Davies, J., 1938, 2093 
Pinching and Bates, /. Res. Nat. Bur. Stand., 1950, 45, 322, 444 
Bates and Acree, thid., 1943, 30, 129 
’ Manov, DeLollis, Lindvall, and Acree, ibid., 1944, 33, 543 
Stuckey, Quart. |. Pharm. Pharmacol., (a) 1940, 18, 312; (b) 1941, 14, 224; (c) 1942, 15, 370 
Erlenmeyer, Epprecht, Lobeck, and Gartner, Helv. Chim. Acta, 1936, 19, 354. 
Manovy, Schuette, and Kirk, /. Res. Nat. Bur. Stand., 1952, 48, 84. 
Krahl, /. Phys. Chem., 1940, 44, 449 
Robinson and Kiang, Trans. Faraday Soc., 1955, §1, 1398. 
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raBLe 1. Jonization constants of barlituric acid and some derivatives. 
D a pH ~ log y pk 


781 * 10°'m-Barbituric acid (A 258 my) 
pH 10-0 1-640 
f C,H,O4, 0-04730m 0-606 0-411 3-787 0-093 4-03, 
Bufter (1 0-03786M 0-702 O415 3797 0-087 4-03, 
| RA 0-O01893M 0-709 O41 3-826 0-068 4-03, 
O-IN-HCI 0-038 


703-7 * 10°-7m-1-Methylbarbituric acid (A = 258 mp) 
phi 10-0 1-386 
J‘ Oy, 0-04730M 0-369 0-255 3-787 0-093 
Buffer (1 0-03736m 0-368 0-255 3-797 0-087 
a 0-01893M 0-376 0-260 3-826 0-068 
0-In-HCl O-Oly 


64 * 10°*m-1 : 3-Dimethylbarbituric acid (A 258 my) 


pH 10-0 1-154 

C,H,O,4, 0°04730m 0168 0-138 3°787 0-093 
a 0-03786m 0-168 0-138 3707 0-087 
‘i 0-O1893™M 0-172 0-141 3-826 0-068 

0-In-HCl O-OlL 


588 L0-'m-5-1s0oPropylbarbituric acid (A 269 my) 
pli 10-0 1/132 
C,H,O,Na, 0-05m 0-489 0-435 : 0-102 
0-04M 0-491 0-437 : 0-006 
} 4 0-03M 0-497 0-442 5! 0-088 
an 002m 0-509 0-453 0-077 
0-01n-HCl 0-004 


272 x 10°*m-5 ;: 5-Diethylbarbituric acid (A 241 my) 


pH 11-0 2-800 
if Nahi,PO,, 6-O1lm 456 0-138 7-085 0-089 
0-005m 0-458 0-150 7155 0-070 
y 0-0025m “S11 0-158 7211 0-052 

0-001LN-HCL 0-081 


106 * 10°-*m-5-cycloHexenyl-1 : 5-dimethylbarbituric acid (A = 241 my) 
pH 11-0 0-418 
Borax, 0-025 0-378 0-884 { : 0-081 
0-010M 0-376 0-878 0-068 
0-In-HCl 0-073 


Bufter (4) { 


immary of pK values 

Sarbituric ACid .....ccccccossesccccccee 4°08, 5-tsoPropylbarbituric acid 
1-Methylbarbituric acid . 434, 5: 6-Diethylbarbituric acid ‘ 

1: 3-Dimethylbarbituric acid ...... 4°67, 5-cycloHexenyl!-1 ; 5-dimethylbarbiturie acid 


Notes to Table 1.—-Buffers. (1) Succinic acid, sodium hydrogen succinate, and sodium chloride in 
molar ratio 1: 0-5: 1: the succinic acid concentration is listed, (2) Sodium hydrogen succinate (of 
stated molarity) and sodium chloride in equimolar quantities. (3) Sodium dihydrogen phosphate, 
disodium hydrogen phosphate, and sodium ehloride in molar ratio 1: 1:629; 1, (4) Aqueous sodium 
tetraborate without sodium chloride. 

A small correction may have to be made because the introduction of the weak acid at low con 
centration compared with that of the buffer has a slight disturbing effect on the pH ; this correction 
has been discussed by Robinson and Kiang.'® Only for the last two acids is this correction significant 
and it has been included in the computation of pK 


EXPERIMENTAL 

Che following four compounds were prepared by Messrs. May and Baker Ltd., and were found 
by them to have the stated properties: 1-Methylbarbituric acid, m. p. 132-—-133° (Found 
N, 19-7. Cale. for C,H,O,N,: N, 19-7%), 1: 3-dimethylbarbituric acid, m. p. 123° (Found 
N, 18-0. Cale. for CgH,O,N,: N, 180%), and 5: 5-diethyl-1 : 3-dimethylbarbituric acid, 
m. p. 38-—-38-5° (Found: C, 56-6; H, 7-7; N, 13-2. Cale. for C,,H,,O,N,: C, 566; H, 7-6; 
N, 13-2%), were all prepared by Stuckey’s method.“ 5-1s0Propylbarbituric acid, m, p. 218°, 
was prepared by a method which precluded the possibility of contamination by the isomeric 
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5-n-propyl isomer. 5-cycloHexenyl-1: 5-dimethylbarbituric acid, m. p. 144°, was a re- 
crystallized commercial specimen. Our pK value of 8-37 compares with that of 8-34 found by 
Krahl.* 

5: 5&-Disubstituted barbituric acids. The acids were commercial specimens purified by 
recrystallization and the pK values given in Table 2 were found, those of Krahl * being listed for 
comparison. All measurements were made in phosphate buffers at a wavelength of 241 my. 


TABLE 2. 


K pk 


pk 


) ) pk 
Barbituric acid M. p. (found) (Krab) Barbituric acid (M. p. (found) (Krahl) 


5-Allyl-5-isopropy! 140 709 7-41 Ethyl-5-isopentyl ... 155° 7-06 7-04 
5:6-Diallyl . 171 7°77 7-79 Hyl-5-tsobutyl 3 , 7-68 
5-Ethyl-6-phenyl . 174 745 741  6-Butyl-5-ethyl 7-92 
5-Methyl-6-phenyl ....... 22 7:73 5 : §6-Diethyl “{ 79) 


lor the last acid Manov et ai.* found pK 7-980. 

The buffer solutions were prepared as described by the various authors; **® all chemicals 
used were of analytical quality, Spectrophotometric measurements were made on a ‘‘ Uvispek *’ 
spectrophotometer in an air-conditioned room at 25° 4 1°. 


The author is indebted to Professor R. A. Robinson for his interest and to Messrs. May and 
jaker Ltd, for their generous assistance in the preparative work. 
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The 3: 5-cycloSteroid Rearrangement. 
By C. W. Suoprre and D, F. WiLLrams. 


Determination of the heats of combustion at 25° of cholesteryl methyl 
ether and 3: 5-cyclocholestan-68-yl methyl ether shows that the former is 
energetically more stable by 5-7 kcal./mole, and confirms the assumption 
made by Shoppee and Summers! to explain the experimental facts relating 
to the 3: 5-cyclosteroid rearrangement. 

Calculation of resonance energies and compression energies for the cholest- 
5-enyl cation with progressive deformation corresponding to various C,5~C,», 
distances, and recalculation of the resonance energies given by Simonetta and 
Winstein,* suggest that the 3: 5-cyclosteroid rearrangement takes place 
through a non-classical mesomeric cation. 


SoME years ago Shoppee and Summers ! suggested that the 3 : 5-cyclosteroid rearrangement 
(1 == II) was explicable on the assumption (a) that the A®-molecule is thermodynamically 
more stable than the isomeric 3 : 5-cyclo-molecule, and (b) that the transition state for 
the ionic recombination : A*-cation ——» A®-molecule, is of higher energy than that for 
the ionic recombination: 3 : 5-cyclo-cation ——-® 3 : 5-cyclo-molecule. This suggestion 
was illustrated by a symbolic energy diagram (Fig. 1); in brief, kinetic control of the 
reactions should lead to formation of 3 : 5-cyclosteroid as sole product, whilst thermo- 
dynamic control of the equilibria should eventually lead to formation of A®-steroid as 
ole product. 

Through the kindness of Dr. D. D. Wagman of the Thermochemistry Section of the 
National Bureau of Standards, Washington, U.S.A., experimental evidence can now be 
adduced in support of assumption (a4) from measurements of the heats of combustion at 
25° of cholesteryl methyl ether (I; X = OMe) and 3: 5-cyclocholestan-6$-yl methyl 
ether (IL; Y = OMe), 

Since AH”, represents the change in heat content when 1 mole of the substance reacts 


* Part XXXI, J., 1956, 1893. 
' Shoppee and Summers, /., 1952, 3361 
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with oxygen (in the ideal-gas state) to form carbon dioxide (in the ideal-gas state) and 
iiquid water, all at one atmosphere pressure, and AH°, represents the heat of formation of 
1 mole of substance from graphite, hydrogen, and oxygen, all at one atmosphere pressure, 
it will be seen that cholesteryl methyl ether (1; X == OMe) is energetically more stable 
at 25° than 3: 5-cyclocholestan-66-yl methyl ether (Il; Y = OMe) by 5-7 kcal./mole. 
This is very close to the value of 7 kcal./mole estimated by Roberts, Trumbull, Bennett, 
and Armstrong * from the difference between the heats of combustion of propene and 
cyolopropane. 

In the original paper,’ a second symbolic energy diagram (Fig. 2) corresponding to a 
non-classical mesomeric cation, as opposed to two classical isomeric cations, was given ; 
on the available evidence, it appeared impossible to distinguish between the two alter- 
natives. In 1952, we attempted to calculate, by a semi-empirical molecular-orbital 
method, the compression energies required to deform the cation corresponding to the 
molecular structure (I) so that the 3-hydrogen atom occupies a mean position and to 
compute the resonance energy of the system. 

In cholest-5-enes ring A is a slightly strained chair-form with Cy) lying a little behind 
the plane of Cy), Cys), Cy, and C49); this geometry should persist in the cation, although 
introduction of sp* hybridisation at Cy) will lead to adoption by the 3-hydrogen atom of a 


hic, 2 


Feroid “cyc wamanie 
2 5-cyclo Mesomeric 
cotion Steroid (I) cation 


, J'5-cyclo- 
Steroid (1) | - oXSteroid Steroid 


« 
3 


& 


position of trigonal symmetry. 3: 5-Interaction with decrease of the Ciyy—C,,) distance 
in the cation could occur in two ways: (a) by approach of Cy, to the plane of Cy), Cy, 
Cy@, and Cy») (which on a model is surprisingly easy) and subsequent deformation of the 


C,H, C,H, 


GEE”, ‘(heeal. JORGE sc viivissseviccecsess 
AH™ (kcal./mole) 


3-4-5 bond angle, (b) by recession of C,,) from the plane of Cr, Ca, Cag, and Cry», along a 
curve defined by the length (assumed constant) of bond 3-4 with deformation of the 
3-4-5 bond angle. In (a) the axes of the vacant p-orbital of Cy and the p-orbital of C,, 
become parallel, and our calculations (see Appendix) confirm that 2px overlap is very 
small at all probable C,yC;,) distances, whilst the corresponding compression energies 
are considerable (see Table 1). In (b) the axes of the vacant p-orbital of C,,, and the 
p-orbital of Cg) intersect at 60° and this angle tends to increase with decrease of the Cy-C;,) 


* Roberts, Trumbull, Bennett, and Armstrong, /. Amer. Chem. Soc., 1960, 72, 3116 
* Cremlyn, Rees, and Shoppee, /., 1954, 3790 


2490 Shoppee and Wilhams : 


distance. Our calculations here were forestalled by Simonetta and Winstein,* who showed 
that 2px overlap becomes large enough to be of some chemical importance at the normal 
Cyy-Cog) Separation of 25 A. The strain energy formula for various Ci-Cis) distances 
used by Simonetta and Winstein is similar in form to that used by us in (a), but in their 

calculations they adopted alternative values for the carbon-carbon single- -bond energy of 
59 and 66 keal./mole. We have recalculated their strain energies using the more probable 
value ® of 84-4 kcal./mole (Table 2). A maximum stabilisation of 4—65 kcal./mole is attained 


TABLE I, 
Cay Ci) distance (A) 2 2: 23 2-2 21 2-0 
Kesonance energy (kcal./ 
mole) i) —O12 —0-30 


Compression energy (keal. / 
mole) 6 4 +37 +66 4105 4153 421-3 +4281 


TABLE 2. 
CoCr) distance (A) { 2-35 2-15 , 1-75 
Kesonance energy (kcal, /mole), , - , 2.0 ‘ 
Simonetta & Winstein 42 —&s ; i146 
Strain energy (kcal, /mole) +12 +39 +. § }-14°7 
Total energy (kcal./mole) ...... ' 3-0 ~—44 ~4 2-7 + O2 


at a Cyyy-Cy) distance of ~2-1 A (cf. Simonetta and Winstein’s figure of 1-75—1-95 A). 
In agreement with experimental evidence on the facility of the 3 : 5-cyclosteroid rearrange- 
ment, there appears to be significant stabilisation of the positive charge at Cm, by 
delocalisation of the x-electrons of the 5 : 6-double bond for a compression of the C@-C;,) 
distance of about 0-4 A. The calculations thus support the conception of a non-classical 
mesomeric cation (Fig. 2), although the formation of a cyclopropane ring eventually requires 
1 o-bond rather than a x-bond between C,,, and Cy).® 


APPENDIX 


The resonance integral @, of the 3-6-bond for various C,,—C,,, distances was calculated from 
the equation of Lennard-Jones,’ 26,, = 4 + C,, — Cq,, on the assumption of its validity 
for bond lengths greater than 1-54 A. The resonance integral 6, of the 5 : 6-bond was given a 
value of 42-4 keal, corresponding to a m-bond order of 0-98, which is the value it assumes by 
resonance of the 6:6 =-bond and a 3:5 m-bond of length 1-8 A. The resonance integrals 6, 
and (, were substituted in the secular equation : 


(a, — €)c, + a yPayy = 9 (* = 1, 2, 3) 


to give the total r-electron energy ¢. The resonance energy for each electron is the difference 
between ¢ and the initial r-electron energy @,, and since there are two 2pr-electrons the required 
resonance energy is 2(¢ fy) 
Cay Cus distance (A)  ...ccecsessereeee 21 , , , 1-6 
B, ; “er 2-25 , ° $ 18-0 2% 
bh + ete ms a 2: 2. 42-4 4 
éveee ‘ 42:46 2: 3°24 ar 46-06 4 
Re sonance energy (k« al. /mole) . toseeee = O12 ; , —3- — 7-32 Ik 


In our calculations of compression energies, we have assumed that the 2-3-4 bond angle 
remains constant and the C,,-C,, and C,,-C,,, distances remain unchanged ; the terms computed 
are those involving deformation of the bond angles 1-2-3, 3-4-5, and 4-5-10, and /, the 
stretching of the 2: 3-bond. Deformation of the bond angle 1-2-3 leads to a decrease in the 


* Simonetta and Winstein, /. Amer. Chem. Soc., 1954, 76, 18. 
* Roberts and Skinner, Trans. Faraday Soc., 1949, 45, 339 

* Coulson and Moffitt, Péil Mag , 1949, 40, 1 

’ Lennard-Jones, Proc. Roy. Soc,, 1937, A, 168, 207 
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overlap of the appropriate sp’ orbital of C,,, with the corresponding sp* orbital of Cy, and to 
reduction of the strength of the 2; 3-bond; the component of the sp* orbital directed along 
the 2: 3-bond is } + § cos 0° = 2, and in the new direction 2-3’ is } + } cos a, where « is the 
angle by which 1-2-3 is distorted. Since the bond angle 2-3—4 is assumed to be constant, the 
component of the sp? orbital, initially directed along the 3; 2-bond, remains unchanged along 
the 3’: 2-bond at 4/} + 4/2 cos 0° = 1-99*. Taking the strength of a C-C single bond to 
be B (= 84-4 kcal,/mole.) and assuming that the strength of a bond is proportional to the over- 
lap of the orbitals, we find that the strength of the 2: 3-bond is B(2 x 1-99)/(2 x 2) ~B 
because the “ orbital strength "’ of each sp' orbital component of acarbon—carbon single bond is 2* 
Similarly, the strength of the 2 : 3’-bond is B[1-99 x (4 + # cos a)]/(2 x 2) = ~ B(h + gcos «)/2, 
and the energy required to deform the bond angle 1-2-3 by an angle a is 


A _ POD + Foowe) | _ _ sB11 + cos a)/é 


2 4 


Deformation of the bond angles 3-4-5 and 4-5-10 results in decrease in the strength of 
3: 4-and 4: 5-bonds. The components of the sp* orbitals of C,, along the 4; 3- and 4: 5-bonds 
are both 4 + } cos 0° = 2, and in the new directions 4’—3’ and 4’--5 are both $ + } cos 6, where 
26 is the angle by which the angle 3-4-5 is deformed. As the bond angle 2-3-4 is assumed to 
be constant, the sp* orbital of C,,, which initially had its maximum component along the 3: 4 
bond, now has its maximum component along the 3’ : 4’-bond and equal to J/4 t 4/2 cos 0° 

1-99*. The component of the sp* orbital of C,,, along the 5: 4-bond is 1/4 + 4/2cos 0° 

1-99*, i.¢e., ~2, and in the new direction 5-4’ is V4 + 4/2 cos 6, since # is the angle by which 
the bond angle 10-5-—4 is deformed. By a similar argument to that used for the bond angle 
1-2-3, the energy required to deform the bond angles 3-4-5 and 4-65-10 is 


Af 1-00, 1-99(4 + Ane dl 3B(1 + cos 8)/4, 


and 


4 


4 / “Ca @ f- 
(V4 v 2 cos 8) (4 t a Bl (4 - \/ 2 cos 6) (4 } } cos () 4 


4 


* The values used for the variation of bond strength with hybridisation are those given by Pauling 
and Sherman * which make sp*>sp*>sp, although there is now evidence*® that the correct order 1s 
sp<sp*<sp* 

CyayCyg) distance (A)... 2-5 K 

0 { ls 

0 d j ( 14 

0 “4 0-03 0-05 0-08 


Compression energies 
]-2-3 02 2 
3-4-5 and 4-56-10 Os 2 h 
ea , p oO” ' q 1-8 

Total ; 0 OS . : 5 10-5 
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484. Steroids and Walden Inversion, Part XXXIII,* 
The Configurations of the Coprostanyl Halides. 


C. W. SuHoprrr, R. J. Brincwarer, D. N. Jones, and G. H. R. Summers. 


3a-Chlorocoprostane has been prepared by an unambiguous synthesis. 
Coprostane-36 : 66-diol (as the 6-monoacetate) with phosphorus penta- 
chloride gave 3a-chlorocoprostan-66-ol (after treatment with lithium alumin- 
ium hydride), which was (a) oxidised to 3a-chlorocoprostan-6-one and 
isomerised by mineral acid to the known 3a-chlorocholestan-6-one, (b) 
reduced as the toluene-p-sulphonate with lithium aluminium hydride to 
3a-chlorocoprostane, identical with the material of Bridgwater and Shoppee.' 
The configuration of 36-chlorocoprostane follows by exclusion, and the 
configurations of the epimeric 3-bromocoprostanes by analogy. 

Associated studies have led to the preparation of 3¢-chlorocoprostan-6-one, 
isomerised by acid to the known 36-chlorocholestan-6-one, and of 36-chloro- 
5 : 6a-epoxycholestane, the 3(-chlorocholestane-5: 6-diols, and various 
related compounds. 


Iw Part XI, Bridgwater and Shoppee ! described the preparation of the epimeric coprostan- 
4-yl chlorides and bromides, The chlorides were assigned configurations on the basis of 
the acetolysis at 130° of the 3¢-epimeride, m. p. 123°, {a],, +23”, to epicoprostanyl acetate 
and of the 3a-epimeride, double m. p. 55° and 75°, [a], +-31°, to coprostanyl acetate. The 
production of only a single epimeric acetate in each case indicated the occurrence of a 
bimolecular acetolysis (Sy2) proceeding with inversion of configuration, but an attempt to 
prove that the acetolysis of coprostan-36-yl bromide, m. p. 113°, [a], + 18°, was kinetically 
of the first order with respect to both the bromide and the acetate ion encountered 
experimental difficulties and was inconclusive. The following experiments were therefore 
initiated in an attempt to prepare one or other epimeride independently. Since their 
commencement evidence has been presented which supports the published configurations 
of these halides, first, hydrogenation of 3a-chloro- and 3a-bromo-cholest-5-ene to 3a-chloro- 
and 3a-bromo-coprostane ® and, secondly, analysis * of the infrared spectra of 3-halogeno- 
steroids 

Configuration at Cy, Crs), and Cy) in coprostane-36 : 66-diol is established ;* since this 
diol is a saturated compound, its 6-monoacetate (1), would be expected, on tre atment with 
phosphorus pentachloride, to undergo inversion ® at Cy), yielding 66-acetoxy-3a-chloro 
coprostane (II), converted by lithium aluminium hydride into 3a-chlorocoprostan-66-ol 
({Il). That the inversion occurs and that the chloro-alcohol obtained has the structure 
(III) and specifically «configuration at C;,, are proved as follows. Oxidation of the 
alcohol (III) with chromium trioxide gives 3a-chlorocoprostan-6-one (IV), which showed 
an infrared absorption band at 1705 cm.~! (6-membered ring ketone of the A/B-cis-series °), 
could be reconverted into the chloro-aleohol (III) by lithium aluminium hydride, and like 
other cis-a-decalones undergoes keto-enol prototropy with inversion at Cj) on treatment with 
mineral acid, giving the thermodynamically more stable ‘rans-a-decalone analogue, 3a- 
chlorocholestan-6-one (VII),”* in which the «-configuration of the 3-chlorine atom is 
established.* Conversion of 3a-chlorocoprostan-68-ol (III) into the toluene-p-sulphonate 
(VI), followed by reduction with lithium aluminium hydride and repeated chromatography 


* Part XXXII, preceding paper, 


' Bridgwater and Shoppee, J., 1953, 1709. 

* Lewis and Shoppee, ay 1365, 

* Barton, Page, and Sho 1956, 331. 

* Prelog and Ta mann, Pa ey Chim. Acta, 1944, 27, 1880. 
5 Toate it J., 1946, 1138 

o 


Jones, Humphries, and Dobriner, /. Amer. Chem. Soc., 1950, 72, 956 


’ Shoppee and Summers, /., 1952, 1790. 
Jones, Lewis, ig and Summers, /., 1955, 2876 
Shoppee, /., 1948, 1032 
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of the product, furnishes 3a-chlorocoprostane (V), m. p. 70-—71°, {a}, +36”, identical with 
the specimen prepared by Bridgwater and Shoppee.* 


(m1) OTs 


sy an analogous procedure, 66-acetoxy-36-chlorocoprostane has been synthesised 
from coprostane-36 : 6¢-diol. Reduction of 6-acetoxycoprostan-3-one (VIII) by 
sodium borohydride or hydrogen-platinum in ether gave 3a-hydroxycoprostan-66-yl 
acetate (IX), which with phosphorus pentachloride yielded 66-acetoxy-38-chlorocoprostane 
(X). Treatment with lithium aluminium hydride yielded 36-chlorocoprostan-66-ol (XII1) 


EY hy 
H HO +H 

OAc OAc 
(zm) (rz) 


H 


Lh = ay 

—— 

cl 4 Cl HO 
(xr) (xu) 


m (xm) 
M.p. 128, [«],,+2° 


which with chromium trioxide in acetic acid gave 3¢-chlorocoprostan-6-one (XII); this 
showed an infrared absorption band at 1708 cm.-! (6-membered-ring ketone of the A/B-cis- 
series), and was isomerised by mineral acid to 36¢-chlorocholestan-6-one !® (XI). The fore- 
going conversions (1 ——» II] —+ V) and (I —-» VIII —-» X1) provide formal structural 
proofs of the configurations originally assigned to the epimeric coprostanyl halides by 
Bridgwater and Shoppee.! 

Another synthetic approach to the coprostany! halides, employed with partial success, 
has been the reduction of derivatives of 3¢-chlorocholest-4-ene. This in¥olved a prior 
study of the oxidation of cholesteryl chloride. 

Cholesteryl chloride (XIV) with peracetic acid gave 3¢-chlorocholestane-5 : 66-diol (XV) 


” Dodson and Riegel, J. Org. Chem., 1948, 13, 424. 
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which on further oxidation with chromium trioxide-acetic acid yielded 36-chloro-5- 
hydroxycholestan-6-one (XIX), smoothly dehydrated by thionyl chloride—pyridine at 
0-15" to 36-chlorocholest-4-en-6-one (XX), Amax, 239 my (log ¢ 4:2). Dehydration of the 
6%-monoacetate (XVI) with thionyl chloride-pyridine at 0° gave 3$-chlorocholest-4-en-62-y] 
acetate (XVII; R = Ac), which with lithium aluminium hydride at 0° yielded 36-chloro- 
cholest-4-en-66-ol (XViIl; R = H) 

Cholestery! chloride (XIV) with osmium tetroxide gave 36-chlorocholestane-5 : 6x-dio! 
(XVIII), which by dehydration as the 6a-monoacetate (XXI) with thionyl chloride 
pyridine furnished 3¢-chlorocholest-4-en-62-yl acetate (XXII), also obtained by reduction 
of the «a@-unsaturated ketone (XX) with lithium aluminium hydride followed by 
acetylation. 

3¢-Chlorocholest-4-en-66-yl acetate (XVII; R == Ac) and 36-chlorocholest-4-en-6-one 
(XX) are allylic chlorides, and attempts were made to discover conditions leading to 
hydrogenation of the double bond without hydrogenolysis of the chlorine atom. In the 
ketone (XX), the 6-carbonyl group was expected by conjugation with the x-electrons of the 


HO OAc bAc 
(xx1) (xxi) 


4: 5-double bond to reduce the reactivity of the 3¢-chlorine atom, and so to produce a 
situation analogous to that prevailing in 3¢-chlorocholest-5-en-7-one where acetolysis leads 
to inversion at Cyy.24_ Hydrogenation of 3¢-chlorocholest-4-en-6-one (XX) with palladium 
in neutral media under various conditions yielded, however, complex ketonic products 
deficient in chlorine (e.g., 2%, of chlorine instead of ~8°/,), indicating concomitant 
hydrogenolysis. Reduction of the crude hydrogenation products by the Clemmensen 
method gave cholestane as the only identifiable product, and condensation with toluene-w- 
thiol gave oils which gave a negative Beilstein test, thus indicating the unsuitability of the 
thioketal method for the reduction of reactive halogeno-ketones. Finally, however, 
catalytic hydrogenation of the acetate (XVII; R = Ac) with a special platinum catalyst 


'! Marker, Kamm, Fleming, Popkin, and Wittle, J. Amer. Chem. Soc., 1937, 59, 619; Shoppee, /., 
1946, 1147 
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in ethanol followed by careful chromatography of the product gave, in small yield, 66- 
acetoxy-36-chlorocoprostane (X), identical with the specimen described above. 

Finally, attempts were made to synthesise 3¢-chlorocholest-4-ene. Cholest-5-ene, by 
addition of hydrogen chloride, gives 5-chlorochole ‘stane converted by treatment with 
quinoline into cholest-4-ene,!* whereas 5-chlorocholestan-36-ol (cholesterol hydrochloride) 
on treatment with potassium acetate yields cholest-4-en-36-ol.'"* Treatment of cholestery! 
chloride in ether-ethanol with dry hydrogen chloride gave 36 : 5-dichlorocholestane (X XV), 
which was dehydrohalogenated by ethanolic potassium acetate to cholesteryl chloride as 


= 
foe Soom 


HO ‘ 


xx) rand anal 


the only identifiable product. Treatment of cholestery! chloride (XIV) with perbenzoic 
acid gave the 5a: 6a-epoxide (XXIII), hydrogenated with platinum-acetic acid to a 
mixture of 36-chlorocholestan-5-ol (62%) (XXVI), 66-acetoxy-36-chlorocholestan-5-ol 
(32%) (XXIV) (formed by acetolysis), and 36-chlorocholestane (6°) (XX VII) (formed by 
Sa are Treatment of the 5a: 6a-epoxide (XXIII) with lithium aluminium 
hydride gave the alcohol (XXVI) in quantitative yield, whence dehydration with thiony]! 
chloride-pyridine at —6° afforded cholesteryl chloride (XIV) unaccompanied by 36 
chlorocholest-4-ene. 

Chlorination of cholest-4-en-36-ol with phosphorus pentachloride in carbon tetra 
chloride proceeds readily, to yield 3€-chlorocholest-4-ene, The structure and reactions of 
this allylic chloride will be reported later but it is relevant that hydrogenation yields only 
coprostane. 


Cl 


EXPERIMENTAL 
For general experimental directions, see J., 1956, 1649. [a], are in CHCl, unless other 
Ultraviolet absorption spectra were determined in EtOH on a Unicam SP 500 


wise stated 
and infrared absorption spectra in CS, on a Perkin-Elmer 


spectrometer with corrected scale, 
double-beam instrument. 

66-A cetoxy-3a-chlorocoprostane.—-38-H ydroxycoprostan-66-y! 
tetrachloride (250 c.c.) containing dry calcium carbonate (20 g.) in suspension was treated with 


phosphorus pentachloride (11-86 g.; freshly sublimed) added during 0-5 hr, at room temperature 
poured into sodium 


with stirring. The mixture was stirred for a further 6 hr., left for 10 hr., 
carbonate solution containing ice, and extracted with ether. The crystalline product was 
purified by chromatography on aluminium oxide (100 g.), Elution with pentane (15 x 250¢.c ) 
gave material, m. p. 108—119°, which after four recrystallisations from acetone gave 66-acelory 
3a-chlorocoprostane, m, p. 116—118°, [a], +6-4° (c 0-92) (2-7 g) [Found (after drying at 
50° /0-01 mm. for 3 hr.) : C, 74-6; H, 10-5, C,,H,,O,Cl requires C, 74-9; H, 10-6%). Elution 
with ether—-benzene (1: 1) gave unchanged starting material, m. p. and mixed m. p. 142-—-144*, 


acetate (3-96 g.) in carbon 


? Mauthner, Monatsh., 1907, 28, 1113 
' Windaus, Annalen, 1927, 463, 101 
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3a-Chlovrocoprostan-6f-ol.—-6-Acetoxy-3a-chlorocoprostane (25 g.) on treatment with 
lithium aluminium hydride in boiling ether followed by the usual isolation procedure gave a 
mobile oil, converted by acetic anhydride~pyridine at 20° into 66-acetoxy-3a-chlorocoprostane, 
m, p, and mixed m, p, 116--118°. 

3a-Chlorocoprostan-6-one,-The above oily alcohol (200 mg.) was treated in acetic acid 
(15 c.c.) with a 2% solution of chromium trioxide in acetic acid (4 c.c,) at 20° for 18 hr. After 
being worked up in the usual way, the product (171 mg.) crystallised rapidly, and recrystallis- 
ation from acetone gave rods, m., p. 85-—-92*; further recrystallisation from ether-methanol gave 
3a-chlorocoprostan-6-one, m. p. 85—-92°, {a}, — 63° (c 0-8) [Found (after drying at 20°/0-01 mm. 
for 20 br.) : C, 77-2; H, 10-7. C,,H,,OCI requires C, 77-0; H, 108%]. 

3a-Chlorocoprostan-6-one (30 mg.) was refluxed in ethanol (10 c.c.) and concentrated hydro- 
chloric acid (3 drops) for 0-26 hr. Evaporation of the solvent gave a solid which crystallised 
from ether as needles, m. p. 170—-181°. Recrystallisation and sublimation of the product at 
150°/0-01 mm, yielded needles, m, p. 181-—183° alone or mixed with 3a-chlorocholestan-6-one. 

Treatment of 3a-chlorocoprostan-6-one with lithium aluminium hydride in boiling ether 
followed by acetylation of the product with acetic anhydride~—pyridine at 15° gave 66-acetoxy- 
3a-chlorocoprostane, 

3a-Chlovocoprostane,—-3a-Chlorocoprostan-68-ol (526 mg.) in dry pyridine (20 c.c.) was 
treated with toluene-p-sulphony! chloride (530 mg.) at 40° for 72 hr. Isolation in the usual way 
gave an oil (704 mg.) which gave a positive test for sulphur. The toluene-p-sulphonate was 
refluxed with lithium aluminium hydride (300 mg.) in dry ether for 24 hr. Working up in the 
usual manner gave a colourless oil (450 mg.) which was chromatographed on neutral aluminium 
oxide (15 g.). Elution with pentane gave a colourless oil (206 mg.) which gave a positive 
eilstein test. Rechromatography on neutral alumina of high activity furnished in the later 
pentane eluates an oil which crystallised from acetone—methanol as plates, m. p. 62—70”. 
‘Three further recrystallisations from acetone~methanol furnished 3a-chlorocoprostane as plates, 
m. p. and mixed m. p. 70—71°, [a]) + 36-3° (c 1-05). Redetermination of the constants of the 
specimen prepared by Dr. R. J. Bridgwater gave m. p, 74-—75°, [a], +37° (¢ 1-03). 

3a-Hydroxycoprostan-68-yl Acetate,-—(a) 66-Acetoxycoprostan-3-one (4 g.) was dissolved in 
moist ether—methanol, and sodium borohydride (600 mg.) added. The mixture was left at 20° 
for 6 br., poured into water, and worked up in the usual manner, to give crystals, m. p. 1389—~ 
141°. Crystallisation from acetone gave 66-aceloxycoprostan-3a-ol as plates, m. p. 140—142°, 
a)» +9° (¢ 0-95) [Pound (after drying at 55°/0-01 mm, for 6 hr.) : C, 78-0; H, 11-3. CyghIg,O, 
requires C, 78:1; H, 11-3%]}. 

(b) 668-Acetoxycoprostan-3-one (1 g.) in ether was hydrogenated in the presence of 
platinic oxide (100 mg.). Uptake of hydrogen ceased after 3 hr, and crystallisation of 
the product from acetone gave a solid, m, p, 120-—-130°, which was chromatographed on 
aluminium oxide (30 g.). Elution with benzene gave unchanged starting material (200 mg.), 
and elution with ether-benzene (1:9) gave a solid (620 mg.) which on crystallisation from 
methanol gave 3a-hydroxycoprostan-6$-yl acetate, m. p. 140—-141°, [a], +4-13° (¢ 2-82) 
Further elution with ether—benzene (1: 9) gave a molecular compound, m. p. 136—138°, of 3a- 
and 36-hydroxycoprostan-66-yl acetate. 

Sa-Hydroxycoprostan-66-yl acetate with boiling acetic anhydride gave an oil which from 
methanol yielded 3a : 68-diacetoxycoprostane, m, p, 100—104°, {a}, +4+-12° (c 1-1) [Found (after 
drying at 55°/0-01 mm, for 6 hr.) ; C, 76-1; H, 10-6. C,,H,,O, requires C, 76-1; H, 10-8%]. 

66-A celoxy-36-chlorocoprostane,—-3a-Hydroxycoprostan-6f-yl acetate (1-4 g.) in carbon 
tetrachloride (90 c.c.) was stirred vigorously with powdered calcium carbonate (7 g.) and freshly 
prepared phosphorus pentachloride (3-56 g.) for 11 hr. at 20°. The product, isolated in the 
usual way, was a colourless oil which was purified by chromatography on acid-washed aluminium 
oxide (40 g.), Elution with benzene~pentane (1 ; 4) gave a colourless oil which crystallised from 
methanol, to give 66-acetoxy-3-chlorocoprostane, m, p. 67-69", [a|,, 4+-12° (c 2-08) [Found (after 
drying at 20°/0-01 mm. for 6 hr.) : C, 744; H, 10-7, CygH,O,Cl requires C, 74-9; H, 10-6%). 

36-Chlorocoprostan-6-ol.—68-Acetoxy-38-chlorocoprostane (500 mg.) was treated with 
lithium aluminium hydride (150 mg.) in ether at 20° for 1 hr. The oily product was chrom- 
atographed on neutral aluminium oxide (15 g.). Elution with ether~benzene (1:9) and 
crystallisation from methanol gave 38-chlorocoprostan-68-ol, m. p. 116—-118°, [a]p + 21° (¢ 1-09) 
Found (after drying at 70°/0-05 mm. for 4 hr.) : C, 76-8; H, 11-4; Cl, 8-7, C,,H,,OCI requires 
C, 76-7; H, 11-2; Cl, 84%). 

36-Chlorocoprostan-6-one,-38-Chlorocoprostan-68-ol (70 mg.) was dissolved in acetic acid 
(5 c.c.), and a 2% solution of chromium trioxide in acetic acid (1-2 ¢.c,) added, After 14 hr. at 
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20°, the product (62 mg.), worked up in the usual way, crystallised from acetone, to give 36- 
chlorocoprostan-6-one as needles, m. p. 148-—150°, [a], —30° (¢ 0-99) [Found (after drying at 
60°/0-05 mm. for 2 hr.) : C, 76-8; H, 10-8, C,,H,,OCI requires C, 77-0; H, 108%]. 

36-Chlorocoprostan-6-one (22 mg.) was refluxed with 6-3n-methanolic hydrogen chloride 
(15 c.c.) for 0-5 hr. The product on crystallisation from acetone gave 38-chlorocholestan-6-one, 
m. p. and mixed m. p. 129-—131°, [a], + 2° (c 0-55). 

Treatment of 36-chlorocoprostan-6-one with lithium aluminium hydride in boiling ether 
gave only 36-chlorocoprostan-66-ol, m. p. 117°. 

36-Chlorocholestane-5 : 68-diol.—Cholesteryl chloride (28 g.) in hot acetic acid (600 c.c.) was 
treated with hydrogen peroxide (120 c.c.; 30%) and kept at 95° for 0-5 hr, After removal of 
the solvent in a vacuum the oily product was extracted with ether and purified in the usual way, 
to give an oil (29 g.) which was chromatographed on aluminium oxide (600 g.). Elution with 
benzene~pentane (3:7) gave cholesteryl chloride (3-36 g.), ether-benzene (1:9) gave an oil 
(9-1 g.), and ether gave crystals (15 g.) which on crystallisation from ether—pentane gave 
38-chlorocholestane-5 : 66-diol as needles, m. p. 126° (after drying), {a}, —6-6° (¢ 1-5) [Found 
(after drying at 80°/0-06 mm. for 5 hr.) : C, 74-0; H, 10-6, C,,H,,O,CI requires C, 73-85; H, 
10-8%}. Acetylation with boiling acetic anhydride gave a solid which on crystallisation from 
acetone gave 38-chlovo-5-hydroxycholestan-66-yl acetate as plates, m. p. 160-161", [a])p —21° 
(c 1-0) [Found (after drying at 70°/0-04 mm. for 5 hr.) ; C, 72-6; H, 10:3. C,,H,,O,Cl requires 
C, 72-4; H, 10:3%). 

36-Chlovo-6-hydroxycholestan-6-one.—-38-Chlorocholestane-5 : 68-diol (130 mg.) in acetic acid 
(0-5 c.c.) was treated with a 2% solution of chromium trioxide in acetic acid (2 c.c.) at 20° for 
2 hr. Working up in the usual manner gave a solid (120 mg.) which on crystallisation from 
aqueous acetic acid gave 38-chloro-5-hydroxycholestan-6-one, m. p. 182—-183°, |a|, —38° (¢ 1-52) 
{Found (after drying at 100°/0-001 mm. for 3 hr.): C, 741; H, 10:2. C,,H,,O,Cl requires 
C, 74-2; H, 10-4%). 

36-Chlorocholestane-5 : 66-diol (220 mg.), dissolved in ether (4 c.c.}, methanol (1 ¢.c,), and 
water (1 c.c.), was treated with N-bromosuccinimide (120 mg.); after 40 min, ether was added, 
and the solution washed with water, sodium metabisulphite solution, and water, dried, and 
evaporated, The solid residue (210 mg.), on recrystallisation from acetone, gave 5-hydroxy-36- 
chlorocholestan-6-one, m, p, 182°. 

Treatment of the ketone with lithium aluminium hydride in ether gave 36-chlorocholestane 
5 : 66-diol, m. p, 124°, 

36-Chlorocholest-4-en-6-one.—38-Chloro-5-hydroxycholestan-6-one (100 mg.) was treated in 
pyridine (5 c.c.) with thionyl chloride (0-75 c.c.) at 0°; the mixture was kept at 20° for I hr., 
poured into water, and worked up in the usual way, to give an oil which was dissolved in pentane 
and filtered through neutral aluminium oxide. ‘The oil (64 mg.) recovered, when crystallised 
from ether~methanol, gave 36-chlorocholest-4-en-6-one as needles, m. p, 164-165", [a], -+- 84-6" 
(c 0-98), Amex, 239 mp (log ¢ 4-2) [Found (after drying at 100°/0-001 mm. for 3 hr.) : C, 77-2; H, 
10-2. C,,H,,OCI requires C, 77-4; H, 103%}. 

38-Chlorocholest-4-en-68-yl Acetate.—36-Chloro-5-hydroxycholestan-6$-yl acetate (815 mg.) 
was treated in pyridine (10 c.c.) with thiony! chloride (2 c.c.) at 0°; the mixture was kept at 20° 
for 1 hr. Working up in the usual way gave an oil (614 mg.) which on crystallisation from 
acetone gave 38-chlorocholest-4-en-68-yl acetate as plates, m. p, 97--98°, [a|, +3-4° (¢ 1-6) [Pound 
(after drying at 80°/0-001 mm. for 2 hr.): C, 75:3; H, 10-2. C,,H,,O,Cl requires C, 75-2; H, 
10-2%). 

Treating the acetate with lithium aluminium hydride in ether at 0° for 15 min, gave an oil 
which on crystallisation from light petroleum (b. p. 40--60°) gave 36-chlorocholest-4-en-6-ol as 
needles, m, p. 124—126° [Found (after drying at 60°/0-01 mm. for 3 hr): C, 768; H, 10-4. 
Cy7H,,OCl requires C, 77-0; H, 10-8%}. 

36-Chlorocholestane-5 : 6a-diol.-Cholestery! chloride (300 mg.) in ether (15 c.c.) containing 
pyridine (0-5 c.c.) was treated with osmium tetroxide (250 mg.) for 72 hr. at 26°, After removal 
of the solvent, the complex was decomposed by a refluxing aqueous-methanolic solution of 
sodium sulphite for 2-5 hr.; an ethereal solution of the product was shaken with 3n-sodium 
hydroxide and mannitol. The ether layer on evaporation gave a white solid (245 mg.) which 
gave 5 : 6a-dihydroxy-36-chlorocholestane as plates (from acetone), m. p. 142-—144”, [a], +-24-6° 
(c 1-2) [Pound (after drying at 60°/0-01 mm. for 3 hr.) : C, 73-5; H, 10-6. C,,H,,O,Cl requires 
C, 73-85; H, 10-8%) 

With acetic anhydride~pyridine at 15° for 16 hr. this gave 36-chloro-5-hydroxycholestan-6a-yl 
acetate which crystallised from acetone as rods, m. p. 160-—162°, [a], -+-44-1° (e 1-1) (Found 
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(after drying at 60°/0-01 mm, for 3 hr.) : C, 72-0; H, 10-3. C,,H,,0,Cl requires C, 72-4; H, 
103% 

Oxidation of the 5 : 6a-diol at room temperature with a 2% solution of chromium trioxide in 
acetic acid gave 3%-chloro-5-hydroxycholestan-6-one, m. p. 181°, identical with the above 
specimen 

5-Chlorocholest-4-en-64-yl Acetate.—(a) 36-Chloro-5-hydroxycholestan-6a-yl acetate (100 
mg.) in pyridine (5 c.c.) was treated with thionyl chloride (1 c.c.) at 0°, and left for Lhr. The 
deep red solution was worked up in the usual way, to give an oil (95 mg.), which by crystallisation 
from ether~methanol gave 36-chlorocholest-4-en-6a-yl acetale as needles, m. p. 95—-98° [Found 
(after drying at 60°/0-01 mm. for 3 hr.): C, 75-3; H, 10-1. C,,H,,O,Cl requires C, 75-2; H, 
10-2% 

(b) 36-Chlorocholest-4-en-6-one (500 mg.) was treated with lithium aluminium hydride in 
ether at 0° for 0-5 hr. Working up in the usual way gave an oil which from methanol-acetone 
very slowly gave 36-chlorocholest-4-en-62-ol as rosettes, m. p. 111—113°, [a], + 68° (c 1-25) 
Found (after drying at 60°/0-01 mm. for 3 hr.): C, 77-1; H, 10-45. C,,H,,OCI requires C, 
77-0; H, 108%). Acetic anhydride—pyridine at 15° gave the acetate, m. p. 96°, undepressed 
by the above specimen, but depressed to 78° on admixture with 36-chlorocholest-4-en-66-yl 
acetate 

Reduction of 38-Chlorocholest-4-en-6-one.—36-Chlorocholest-4-en-6-one (300 mg.) in ether 
(20 c.c.) was hydrogenated in the presence of palladium (135 mg After a lapse of 30 min., the 
hydrogen uptake was rapid, being complete (theoretical) in less than 20 min. The product was 
worked up in the usual way and recrystallised from aqueous acetone, to give plates (180 mg.), 
m. p. 100-—-110°. The mother-liquors gave a substance (20 mg.), m. p. 95—105°. The two 
fractions were combined and, recrystallised from aqueous acetone, gave plates, m. p. 105-—108° 
(127 mg.) (Found: C, 82-6; H, 11-4; Cl, 2-0. Calc. for C,,H,,OCIl: C, 77-0; H, 10-8; Cl, 
%-4%). The mother-liquors were combined and chromatographed on aluminium oxide 
lution with benzene~pentane (1:9) gave a solid which from aqueous acetone gave plates 
(25 mg.), m. p. 100—104° 

[With F. C, Jounson.| Reduction of 68-Acetoxy-36-chlorocholest-4-ene.—-The platinic oxide 
catalyst was prepared according to Org. Synth., Coll. Vol. I, lst edn., p. 463, with the exception 
that the fusion was conducted at 600° (Méker burner); this gave a less active product. 

64-Acetoxy-36-chlorocholest-4-ene (60 mg.) was added to pre-reduced platinic oxide (20 mg.) 
in ethanol (5 ¢.c.). Hydrogenation was complete in 20 min., and the product, isolated in the 
usual way as an oil, was chromatographed on aluminium oxide (1-5 g.). Elution with pentane 
gave an oil which on crystallisation from acetone-methanol yielded 6$-acetoxy-38-chloro 
coprostane, m. p. 65-68", [a), + 18° (¢ 0-5), undepressed on admixture with the specimen 
described above and giving an identical infrared spectrum. 

36 : 5-Dichlorocholestane,—Cholestery| chloride (1-5 g.) was dissolved in ether (20 c.c.), and 
ibsolute ethanol (20 c.c.) added. Dry hydrogen chloride was passed through the solution for 
2 hr., a solid separating. After 10 days, the solid was filtered off and crystallised from benzene 
ethanol (1: 9), to give needles, m. p. 104—-107°. Two further recrystallisations yielded 38 : 5 
dichlorocholestane, m, p, 115-—-116°, [a], 4+ 0°8° (¢ 0-7). 

36 : 5-Dichlorocholestane (0-5 g.) was refluxed with anhydrous potassium acetate (2-5 g.) 
in ethanol (50 ¢.c.) for 5 hr, Dilution of the solution with water gave a solid (289 mg.) which 
had m. p, 85-—87°, [aJ)p —24° (¢ 2-0), and by crystallisation from acetone gave cholestery] 
chloride lhe mother-liquors on extraction with ether gave an oil (90 mg.) which was purified 
by chromatography on aluminium oxide but failed to crystallise. 

38-Chloro-5 ; 6a-epoxycholestane.-Cholesteryl chloride (11 g.) in chloroform (100 c.c.) was 
treated with a solution of perbenzoic acid (1-1 mol.) in chloroform and left at —8° for 20 hr 
Ihe mixture was then washed with ice-cold sodium hydrogen carbonate solution, water, and 
odium thiosulphate solution and on evaporation yielded a solid (11:15 g.). Repeated crystallis- 
ation from acetone gave the epoxide (8-1 g.) as needles, m. p. 89-5—90-5°, [a], —35-6° (c 1-2) 
Found (after drying at 70°/0-04 mm. for 6 br.): C, 76-9; H, 10:5, C,,H,,OCI requires C, 
17-0; H, 108% 

38-Chlorocholestan-5-ol.—(a) 38-Chloro-5 : 6a-epoxycholestane (7-03 g.) in ether (40 c.c.) 

nd acetic acid (360 c.c.) was hydrogenated in the presence of platinic oxide (0-8 g.). 
Che resulting oil was chromatographed on aluminium oxide (210 g.). Elution with pentane 
2 700 c.c,.) gave 38-chlorocholestane (0-45 g.), m. p. and mixed m. p. 109-—~-112°; elution with 
benzene pentane (1; 1) gave a solid (4-4 g.) which by crystallisation from aqueous acetone gave 
38-chlorocholestan-6-ol as plates, m. p, 107-5-—8-5°, [a], + 24-5° (c 1-6) [Found (after drying at 


(1956) Sodium Salts of Deoxyribonuclete Acids. Part 111. 2499 


90° /0-01 mm. for 5 hr.) ; C, 76-9, 76-45; H, 10-9, 11-0; Cl, 8-6. C,,H,,OCI requires C, 76-6; H, 
10-7; Cl, 84%]. Elution with ether-benzene mixtures gave an oil (2-6 g.) which by crystallis- 
ation from methanol gave 38-chloro-5-hydroxycholestan-6$-y! acetate as plates, m. p. 151-5 
152-5°, [aly —15-5° (c 1-01). 

(b) 36-Chloro-5 : 6a-epoxycholestane (100 mg.) was treated with lithium aluminium hydride 
in boiling ether for 0-5 hr. Isolation of the product in the usual way gave 38-chlorocholestan 
5-ol, m. p, 110° undepressed on admixture with the above specimen, 

Cholesteryl Chloride.—-38-Chlorocholestan-5-ol (52 mg.) in pyridine (1-5 c.c.) was treated with 
thionyl chloride (0-2 c.c.) at —6° for 10 min. Working up in the usual way gave an oil which 
after filtration of a pentane solution through aluminium oxide gave crystals, m. p. 94—-95°, 
undepressed on admixture with cholesteryl chloride. 
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485. Llectrometric Titration of the Sodium Salts of Deoxyribonucleic 
Acids, Part I11.* The Effect of Sodium Chloride. 


By R. A. Cox and A. R. PEACOCKE 


[he dissociation curves at controlled electrolyte concentrations of herring 
sperm sodium deoxyribonucleate have been studied; cells without a liquid 
junction were used in a non-continuous method which avoids hydrolysis, The 
difference between the irreversible forward- and reversible back-titration 
curves was fully present at ionic strengths from 0-02 to 0-50 and shows that in 
solution the hydrogen bonding in the double-helical deoxyribonucleate 
structure is unimpaired by such changes of ionic strength. Under these 
experimental conditions, the two back-titration curves from pH 2-2 and 12 
were exactly coincident, showing that hydrogen bonds involving titratable 
groups can link only the 1: 6 amino- and ~NH’CO~ systems of the bases 
rhe titration curves were displaced in a parallel manner with increasing salt 
concentration and this can be interpreted as indicating an exchange on the 
nucleate anion between sodium and hydrogen ions, ‘The region of the back 
titration curves from pH 6 to 8-5 is re-examined in view of the better values 
now available for base compositions and pit,’ values of the amino-groups and 
it is concluded that there are no secondary phosphoryl! end groups in this 
preparation which are detectable by titration methods. Evidence is pre 
sented that solutions of the deoxyribonucleate can be slowly hydrolysed by 
alkali at pH 12 even at 25°. improvements in the procedure for continuous 
titration of nucleates have been tested. 


Tue study of sodium deoxyribonucleate has in recent years been greatly facilitated by the 
elucidation by X-ray diffraction studies of its molecular structure in the moist solid state.! 
It appears to consist of two intertwined helical polynucleotide chains inside which purine 
and pyrimidine rings, one from each chain, are cross-linked by hydrogen bonds.* The 
bases which can be so linked in this structure are the pairs adenine-thymine and guanine- 
cytosine. The hydrogen bonds, according to this model,” link the -NH*CO- groups at 
the 1 : 6-positions of thymine or guanine with the ~N°C(NH,)~ groups at the 1 : 6-positions 
of adenine or cytosine, respectively. The former groups (often referred to as the “' enolic 


* Parts I, II, J., 1951, 3361, 3374 

! Watson and Crick, Nature, 1963, 171, 737; Wilkins, Stokes, and Wilson, ibid, p. 738; Franklin 
and Gosling, ibid., 1953, 172, 156 

2 Watson and Crick, ibid., 1953, 171, 964 
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hydroxyl’ groups) titrate at pH’s above 8 whereas the amino-groups of the latter system 
titrate at pH’s below 7. It is because of this important structural réle of hydrogen bonds 
between dissociable groups that the titration curves of these substances can be informative 
about their structure. Indeed the first evidence for the existence of hydrogen bonds of 
the type described above came from titration studies + ® which showed that the curves 
obtained when solutions of thymus deoxyribonucleate, initially at pH 6-5—7-0, were 
first titrated to pH 2-5 and pH 12 differed markedly from those obtained on back-titration 
with alkali and acid respectively. 

In the original study by Gulland e al.* the points on the back-titration curves after 
acid treatment and after alkali treatment differed by about 0-1—0-2 equiv. per 4 g.-atoms 
of nucleate phosphorus and were regarded by them as coincident.* These authors titrated 
solutions which were prepared after drying the moist, solid nucleate over phosphoric 
oxide (110°; 30 min.) but subsequent work ® showed that the difference between the two 
back-titration curves could not be ignored when the solutions titrated were prepared from 
nucleate not previously dried in this way. This apparent difference in titration behaviour 
between solutions prepared from dried and undried nucleate has also been obtained by 
Jordan and his co-workers ® and has been tentatively explained 7 in terms of a slight pre- 
hydrolysis of the nucleate during drying at 110°. The occurrence of slow alkaline hydrolysis 
of internucleotide linkages during the usual process of continuous titration above pH 10 
has been suggested ® as one of the possible explanations of the incomplete coincidence of 
the back-titration curves from pH 2-2 and from pH 12. In a continuous titration, neither 
the time at both extremes of pH nor the concentration of electrolytes is precisely controlled, 
especially if a liquid junction and salt bridge are employed. One of the aims of the investig- 
ation here reported was to titrate herring-sperm sodium deoxyribonucleate in such a way 
that these two variables were respectively minimal and constant, in order to allow a more 
precise test of the coincidence of the two back-titration curves. If the curves proved to be 
exactly coincident, this would exclude various suggested ** labile linkages involving the 
amino- and ~NH-CO- groups and confirm hydrogen bonds between them as the only 
possibility. 

In order to obtain results of the necessary precision, the points on the dissociation 
curves were obtained by a method ' involving E.M.F. measurements on individual mixtures 
in a cell without liquid junction. This allowed exact control of the time each mixture was 
held at the extremes of pH, especially pH 12, and also enabled titration curves to be 
obtained at various ionic strengths without the usual difficulties of comparison which 
arise from the inclusion in the measured pH’s of an unknown variable liquid-junction 
potential effect. This technique also enabled a study to be made of the alkaline hydrolysis 
of the nucleate which is relevant to the possible existence of triesterified phosphoric acid 
residues (branching points) in nucleic acids.14 A knowledge of such errors is particularly 
important in trying to determine the proportion of secondary phosphoryl end groups from 
titration curves.“ Finally, the effect of changes in ionic strength on the titration curves 
of nucleic acids may be compared with their effects on the titration curves of proteins and 
of synthetic polybasic acids. Such comparisons should be helpful in formulating suitable 
models for the electrostatic behaviour of the nucleic acid molecule. 

The Titration Curves.—The titration curves of herring-sperm sodium deoxyribonucleate 


* Here, and in what follows, “ acid treatment’ and “ alkali treatment”’’ refer, unless otherwise 
tated, to titration at 25° with acid to about pH 2-2 and with alkali to pH 12, respectively, 
immediately followed by back-titration with alkali or acid. 


* (a) Gulland, Jordan, and Taylor, J., 1947, 1131; (6) Cosgrove and Jordan, J., 1949, 1413. 

* Signer and Schwander, Helv. Chim, Acta, 1949, 32, 853. 

* Lee and Peacocke, J., 1051, 3361. 

* Garner, Jordan, and Matty, quoted by Jordan in “‘ The Nucleic Acids,” ed. Chargaff and Davidson, 
Academic Press Inc., New York, 1965, p. 477, 

’ Peacocke, Hiochim. Biophys, Acta, 1964, 14, 157 

* Euler and Fono, Arkiv Kemi, Mineralog., Geol., 1948, 25, No. 3; Little and Butler, J, Biol. Chem., 
1051, 188, 605 

* Cavalieri and Angelos, ]. Amer. Chem. Soc., 1050, 72, 4686. 

© Lee and Peacocke, Research, 1953, 6, 15s 

‘t+ Peacocke, Proc. Intern, Symp. Macromol, Chem., Milan-Turin (Sept. 1954), Ricerca sct., 1055, 25 
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(at constant concentration) were obtained at 25°, while the ionic strength (u) due to all 
ions other than those from the nucleate was kept constant. In practice this meant 
that, below pH 7, the sum {{NaCl] + [HCl}} and, above pH 7, the sum {{NaCl) 4 
NaOH )}} were kept constant for each titration curve at the values of 0-02, 0-05, 0-15, and 
0-50, severally. Even in the most acidic and most alkaline solutions the ionie strength 
was almost entirely due to the sodium chloride, whereas the contribution to the ionic 
strength of the sodium ions from the nucleate was only of the order of 0-005. The total 
concentration of sodium ions was exactly constant for a given curve in alkaline solution 
hut, owing to the nature of the mixtures, it varied by up to 0-007M in acidic solutions. 
rhe curves obtained at the various non-nucleate ionic strengths (u) are given in Figs, 1—4. 

At ionic strengths of 0-02 and 0-05 (Figs. 1 and 2) the forward-titration curves with 
alkali to pH 12 (1) and with acid to pH 2-2 (III) were both different from that obtained (I1) 
on back-titration from these extremes of pH. Points which represented the result of 
back-titration with alkali from pH 2-2 or with acid from pH 12 both lay on the same curve 
(II) to a high degree of precision. The reversibility of the dissociations represented by 
curve (Il) was demonstrated by back-titration of mixtures with alkali from pH 2-2 to 
pH 12 followed by a second back-titration with acid or vice versa. The resulting points 
also fell accurately on line II. At these ionic strengths it appeared to matter little in the 
acid branches of the titration curves whether or not sodium chloride was added to an 
individual titration mixture before or after the addition of acid. Fig. 2 also shows the 
back-titration curve of acid-treated nucleate obtained by several independent continuous 
titrations of single nucleate solutions containing sodium chloride (0-05m), a glass electrode 
and a cell with liquid junction being used. The pH scale of this curve differs from that 
employed for the rest of the diagram so that it ts slightly displaced along the pH axis 
(and in opposite senses above and below pH 7). However it lies exactly parallel to the 
more accurate curve II and this shows that, apart from the difficulties inherent in 
this method at alkaline pH’s, continuous curves can be obtained reproducibly with the 
correct shape and curvature. The different relative sign of the displacement above and 
below pH 7 is probably related to a change in the liquid-junction potential in the glass 
electrode—calomel electrode system in passing from acid to alkaline solution. 

At ionic strengths of 0-15 and 0-50 (Figs. 3 and 4) curves I and II were similarly disposed 
with respect to each other, but a more complex pattern occurred in the acid region. When 
sufficient acid was added to nucleate solutions in the absence of sodium ehloride in order 
to lower the pH to 2-2 and was then followed by the addition of alkali (for back-titration) 
and sodium chloride, the resulting solutions yielded points (open circles) on the curve (II) 
corresponding to back-titration from pH 12. Only in this way could there be measured 
the effect of sodium chloride on the back-titration curve of a nucleate devoid of hydrogen 
bonds after acid treatment. For when salt was added first, the forward-titration curve 
[II was obtained with acid and on back-titration with alkali gave curve IV. Precipitation 
intervened at higher pH values in these larger sodium chloride concentrations so that the 
forward-titration had to stop before all the relevant amino-groups were ionised and before 
all hydrogen bonds had been ruptured—as proved by the continuation of IV (not shown 
in Fig. 4) into the alkaline region, where it lies between I and II and by a comparison of 
[V with II. The displacement of the titration curves to lower pH values with increasing 
sodium chloride concentration (Figs. 5 and 6) also enhanced this effect. No such complic- 
ation occurred with the forward-titration to pH 12 since there was no question then of 
precipitation and complete rupture of all the hydrogen bonds could be attained even more 
readily when salt was present. As at the lower ionic strengths, curve II could be demon- 
strated to represent a reversible dissociation process, At all ionic strengths from 0-02 to 
0-50 variation of the concentration of the sodium nucleate within the limits 0-07-—0-21 
mg. of phosphorus per ml. did not affect the positions of the titration curves, 

rhe reversible titration curves (II, Figs. |—4) of the nucleate containing no hydrogen 
bonds were displaced to lower pH values with increasing ionic strength (Fig. 5). This 
displacement was parallel with respect to pH and was almost the same for the acid (pH < 6) 
and alkaline (pH > 9) branches except that in the latter the displacement reached a 
limiting value between p = 0-15 and 0-50 since the curves at these two ionic strengths 
40 
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were very close.* There was a slight deviation from this parallel arrangement close to 
the isoelectric point and this can be seen most clearly around pH 3-8 at » = 0-50 (Fig. 5) 
when the isoelectric point was relatively high. The forward-titration curves were also 
displaced in a parallel manner with increasing p and there was a marked difference between 
the displacement of the acid and alkaline branches (lig. 6). 

Since a known controlled chloride concentration was necessary 
with the cell without liquid junction, titration curves at very low electrolyte concentrations 
were obtained with the glass-calomel electrode cell. Fig. 7 shows the forward and back 
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continuous titration curves of the nucleate without added sodium chloride (III, IV) and 
the reversible ‘‘ back "’-titration curve (V) of a sample of the nucleate which had previously 
been acidified to pH 2-2, neutralised to pH 7, and dialysed to remove the small amount 
of salt resulting from this procedure. A small amount of electrolyte (4 > O-O07M) is 
inevitably present in the titration represented by IV and even less in that represented by V. 
The forward- and back-titration curves (I, Il) obtained by continuous titration in the 
presence of 0-05m-sodium chloride are also given for comparison. It is clear that, although 
the precise ionic strengths along IV and V are not known, the reversible back-titration 


* The portion of the curves between pH 6 and 9 on Vigs. 1—6 is conjectural since stable E.M.1 
readings cannot be obtained with the hydrogen electrode in this range 
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curves were very sensitive to small changes in » when this was low and that the 
displacement was still approximately parallel. 

In cases where precipitation did not intervene (1.¢., 1 << 0-05) the meeting point of the 
forward-titration curve with acid and the back-titration curve with alkali represented the 
minimum amount of acid that had to be bound to ensure the irreversible rupture of all 
hydrogen bonds. This quantity decreases as the sodium chloride concentration was lowered, 
having the values 23, 1-9, and 1-5 equivs./4 P g.-atoms for the curves at 4 = 0-04 (LI, 
It, Fig. 2), = O02 (LI, ILL, Fig. 1), and p< 0-007 (III, 1V, Fig. 7) respectively. 

ilkaline Hydrolysis at 25°..-The pH of a solution of sodium nucleate (final p = 0-02) 
was adjusted to 12 by the addition of alkali and, after varying intervals, sufficient acid 
was added to lower the pH to about 4—5 or 10. The usual E.M.F. readings on these and 
the appropriate blank solutions then gave the equivalents of alkali that had disappeared 
from the solution by combination with the dissociable groups of the nucleic acid and by 
being used up in any hydrolytic reaction. The former could be obtained at any particular 
final pH from curve IL of Fig. 1, hence the amount used up in combination with groups 
released by any hydrolysis could be computed with a maximum error of about +-0-03 per 
1 g.atoms. An increasing uptake of alkali due to this latter cause was detected when 
the final pH was about 10 but not when it was about 4 or 5 (Table 1). This implies that 
alkali at pH 12 did slowly hydrolyse the nucleate at 25° and that it released groups which 
titrated somewhere between pH 5 and 10, 


DISCUSSION 


(a) /lydrogen Bonding.-The present titration studies show that when the ionic strength 

is maintained constant and the time the nucleate is kept at extreme pH’s is reduced to a 
minimum, the back-titration curves after mild acid- and alkali-treatment are exactly 
coincident at all the ionic strengths studied (Figs. 1-4). The difference between these two 
back-titration curves observed 4 % © in continuous titrations must therefore arise from causes 
pecific to that method and will be discussed below. It follows from this exact coincidence 

of the back-titration curves that the forward-titration with acid of the amino-groups 
effects exactly the same changes in the nucleate as the forward-titration with alkali of the 
NH-CO- systems. During both these forward-titrations from neutrality the groups 


ilkali bound by sodium deoxyribonucleate (concn. = 0-141 mg. P/ml.) due to 

hydrolysis at pH 12 and 25°. 

Time of treat .M.F, of final Equivs Eguivs. of alkali bound /4 P g.-atoms 
ment with mixture of acid binal By DNA at by groups released 
| min (Epwa) (mv) added pH fotal { 0-5 min,* by hydrolysis 
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become ionised and the hydrogen bonds in which they were involved disappear. This 
rupture of hydrogen bonds appears to be irreversible when a sufficient number of adjacent 
bonds have been broken to cause irreversible changes in the configuration of the polynu 
cleotide chains.* The exactness of the coincidence of the two back-titration curves after this 


* The processes occurring along the forward-titration curve have been studied by graded titration 
to and from various pH's and by other methods," 


* Cox and Peacocke, Proc. Intern, Symp. Macromol. Chem., Israel (April, 1956), J. Polymer Sci., 
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process means that hydrogen bonds involving groups titratable between pH 2-5 and 12 must 
link only the amino-groups (pK, <7) with the -NH-CO- groups of guanine and thymine 
(pK,’ >7). Any other bonds *® in the original deoxyribonucleate which involve these groups 
are thereby excluded. This is in accordance with the double-helical hydrogen-bonded struc- 
ture postulated for the moist solid state |} and indicates strongly that this structure exists 
also in solution. Changes in ionic strength over a wide range do not decrease the extent 
of hydrogen bonding as shown by the persisting large difference between curves I and II at 
all the ionic strengths of Figs. 1—4. Clearly, changes in viscosity observed on the addition 
of sodium chloride cannot be directly attributed to rupture of hydrogen bonds. 

As the pH decreases in the forward-titration, the amino-groups must titrate in the 
order cytosine, adenine, and guanine, judging from their known pK,’ values. According 
to the double-helical structure the 2-amino-group of guanine is not hydrogen-bonded and 
this is not inconsistent with the observations. The minimum number of groups that have 
to be ionised before all the hydrogen bonds are irreversibly ruptured (‘‘ denaturation "’) 
decreases as u decreases from 0-05 and eventually falls to a value, 1-5, lower than the total 
number of adenine and cytosine amino-groups present (2-0/4 P atoms). It is clearly not 
always necessary to ionise all the amino-groups involved in hydrogen bonds in order to 
denature the whole molecule. Ionisation of the amino-groups and the usual thermal 
effects must therefore be regarded as jointly operative in denaturation.” As yu decreases 
from 0-05, less ionisation appears to be necessary to achieve complete denaturation and 
similar “ protective’ effects of salt have been reported.* They may arise from an 
increased accessibility of the inside of the double helix or from a weakening of the phos- 
phoester linkages ™ when the helical structure is expanded by the increased repulsion 
between primary phosphate charges at the lower . 

When u increases to values above 0-05, the shift of the titration curves and earlier 
precipitation can make it impossible to attain the minimum amount of ionisation necessary 
for complete rupture of all hydrogen bonds by acid (e.g., III, [V, Figs. 3,4). Such effects 
should be taken into account when, for example, the effect of acid treatment of sodium 
deoxyribonucleate on its light-scattering behaviour is being studied. In such investig 
ations, in order to obtain the completely acid-denatured nucleate, the acid (and any 
neutralising alkali) must be added before the addition of the sodium chloride necessary 
for the light-seattering measurements, if this exceeds 0-05m. Some of the discrepancies 
in the results of various light-scattering studies “ can be attributed to this cause. 

(b) Continuous Titration Curves.—In a previous study ® solutions of sodium deoxy 
ribonucleate were titrated continuously in cells with liquid junction and without addition 
of sodium chloride to give the complete forward- and back-titration curves. Under these 
conditions the back-titration curves were found to differ appreciably and this observation 
has been confirmed by others. The explanations originally advanced ® for this can now 
be re-examined. (i) The sensitivity of the back-titration curves to salt is greatest at low 
salt concentrations (Fig. 7), so that even slight diffusion from the salt bridge into the salt 
free solution could have a detectable effect. (ii) The presence of hydrogen bonds broken 
only by acid- or only by alkali-treatment was a possible explanation, but is now excluded 
in view of the preceding discussion, (iii) Alkaline hydrolysis was considered to be the 
most likely explanation of the difference, and Table | shows that under continuous-titration 
conditions (25°, at pH 12 for up to 30 min. and at pH 10-512 for 1-2 hr.) alkaline 
hydrolysis could account for up to 0-1 equivalent of alkali combined per 4 phosphorus 
g.-atoms along the back-titration curve after alkali treatment. The smaller difference 
between the continuous back-titration curves when the nucleate had previously been dried 
at 110° could then be understood in terms of a slight pre-hydrolysis, during drying, of the 
bonds first attacked by alkali.?, Even after allowance for the operation of factors (i) and 
(iii) there still seems to be a residual difference in the continuous back-titration curves of 
about 0-2—40-3 equivalent above pH 7. Separate experiments have now shown that even 


4 (a) Thomas, Biochim. Biophys, Acta, 1954, 14, 231 (b) Doty, 3rd Intern. Congr. Biochem 
Brussels, Aug. 19565; (c) Sadron, as (b) 

(a) Reichman, Bunce, and Doty, /. Polymer Sci., 1953, 10, 109; (6) Horn, Leray, Pouyet, and 
Sadron, thid., 1952, 9, 631; (c) Alexander and Stacey, Biochem. J., 1955, 60, 194 
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at 25° the attack of alkali on Pyrex glass during the time of a lengthy continuous forward- 
and back-titration of a nucleate solution can be sufficiently great to account for this. 

[he above conclusions indicate that in order to obtain useful results from continuous 
titrations of nucleates in cells with liquid junctions the following additional precautions 
should be observed : control of ionic strength by the presence of salt, to prevent (i); and 
avoidance of long periods of alkaline pH which cause (ij) and the attack on glass. In 
practice, the first condition is fulfilled by the presence of 0-05m-salt when the sensitivity 
to further additions of salt is small (Fig. 5) and when the addition of acid to pH 2-5 breaks 
all hydrogen bonds, even though the salt is present (Fig. 2). The second condition is best 
fulfilled by confining continuous titrations to forward-titration with acid followed by 
back-titration with alkali, the latter being executed as quickly as possible once the pH 
rises above 10:5, With these precautions, the standard deviation of the curves 
(25°, 4 005; I, IL, Fig. 7) was only 0-02—0-04 equivalent per 4 g.-atoms of phosphorus 
at pH 3-11, and the mean curve was parallel to that obtained by the more rigorous non- 
continuous technique (see Fig. 2). The continuous back-titration curves obtained by this 
method after acid- and alkali-treatment were coincident below pH 7, but still differed in 
the same direction as before © * above pH 7, chiefly owing to the effect of glass during alkali- 
treatment. These results define the present range of usefulness for nucleates of the much 
more convenient and economical continuous titration method, which, when a glass 
clectrode is used, also has the advantage of giving steady readings in the range pH 5-9. 

(c) Effect of Sodium Chloride.-The groups in the completely non-hydrogen-bonded 

odium nucleate dissociate freely and reversibly, and Figs. 5 and 7 therefore demonstrate 
the effect on these free dissociations of increasing the non-nucleate ionic strength (u) which 
in the present instance has the same numerical value as the concentration of sodium ions. 
lhe back-titration curves are displaced in a parallel manner to lower pH values, except at 
pH's approaching the isoelectric point appropriate to each u. A similar parallel shift has 
heen reported for the effect of sodium chloride on the spectrophotometric titration curves 
of thymus sodium deoxyribonucleate. If the effective charge on the nucleate anion were 
compounded only of the charges on the dissociable groups then it would be expected that 
the displacement of the curves caused by a given increase in » would be greater the more 
alkali that was bound, as with globular proteins 1° and with polybasic acids.17_ Thus the 
total effective charge on the nucleate anion must include other factors besides the charge 
on the dissociable groups. Evidence for the binding of other ions has been obtained by 
Shack et al.’* who showed that at neutral pH thymus sodium deoxyribonucleate binds 
about 2-3 4. 03 g.-ions of sodium and 0-3 +. 0-1 g.-ions of chloride per 4 P g.-atoms from 
odium chloride solutions stronger than 0-005. 

Ihe curves obtained on titration of insoluble fibrous proteins, such as wool,’ with 
hydrochloric acid and sodium hydroxide also undergo a parallel shift with increasing 
odium chloride concentration. It appears that as each hydrogen ion is bound a chloride 
ion also enters the fibre ® and that when a hydroxyl ion is bound (1.¢., a hydrogen ion is 
dissociated) a sodium ion enters as a result of the high potential acquired by the fibre as a 
whole when the fractional charge due to the dissociating groups is still relatively small. 
When negative, this high potential prohibits the further dissociation of hydrogen ions unless 
sodium ions enter at the same time. The various theoretical treatments of this system 
differ according to whether the tons (Cl- or Na*) accompanying the hydrogen or hydroxy! 
ions are regarded as bound to specific sites * or as simply dissolved in the imbibed water 
within the fibre.*” The first hypothesis is probably more useful for the nucleate anion 
which is known to bind sodium ions,}* presumably on the primary phosphoryl charges. 


'® Shack and Thompsett, /. Biol. Chem., 1952, 197, 17 

'¢ (a) Cannan, Kibrick, and Palmer, Ann, New York Acad. Sci., 1941, 41, 243; (b) Tanford, /. Ame 
Chem. Soc., 1960, 72, 441; (c) Seatchard, Ann. New York Acad. Sci., 1949, §1, 660; (d) Cohn and Edsall, 

Proteins, Amino-acids and Peptides,’ Reinhold Publ. Corp., New York, 1943, pp. 468 ef seq. 
'' Katchalsky, Shavit, and Eisenberg, ]. Polymer Sci., 1954, 18, 69 
* Shack, Jenkins, and Thompsett, /. Biol. Chem., 1952, 198, 85 
Steinhardt and Harris, ]. Res. Nat. Bur. Stand., 1940, 24, 335 

® (a) Gilbert and Rideal. Proc. Roy. Sec., 1944, A, 182, 335; (+) Vickerstafl, ‘’ The Physical Chemistry 

of Dyeing,” Oliver and Boyd, London, 1954, pp. 351 ef seq 
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The titration curves of a cross-linked poly(methacrylic acid) ion exchange resin are also 
displaced in a parallel manner with increasing salt concentration *! and in this case sodium 
ions undoubtedly exchange with hydrogen ions (cf. the hydrogen-ion dissociation of some 
polyelectrolyte gels *). 

Hence the parallel displacement of the nucleate titration curves with increasing concen- 
tration of sodium chloride suggests that sodium ions enter the nucleate anion to replace 
hydrogen ions that are dissociated. A similar conclusion ™ has also been reached concerning 
the effect of sodium chloride on the binding of a small organic cation, proflavine, by sodium 
deoxyribonucleate. Application of a thermodynamic approach *™ to such exchange of 
sodium and hydrogen ions by a molecule containing only one type of site binding each ion 
leads to the following relation : 


» 


pH log [Na*} +4 2 Jog ( : 4 xa0aRT (AUN Aug+). - (1) 


where « is the degree of dissociation of the group binding hydrogen ions and Auya:, Avus 
are the changes in standard chemicai potential of the two ions on being bound. At 
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constant «, a plot of (pH), against —log |Na*| should be linear with a slope of +-1. The 
same relation should hold even for titration curves in which the dissociation of various 
groups overlap, as with the nucleic acids. Fig. 8 shows that for the herring-sperm deoxy 
ribonucleate this plot approximates to a straight line of slope -+-0-5 the only significant 
deviation occurring with the alkaline branch when yu is more than 0-15. With fibrous 
proteins,“ a polymethacrylic ion-exchange resin,*! and myosin solutions™ the corre- 
sponding plots were lines of respective slopes of --1, +1, and —0-5 (difference in sign 
because positively charged myosin being considered). The deviation of the slope of the 
line in Fig. 8 from unity could be attributed to the binding of ions other than sodium 
(e.g., chloride '*), which would modify the simplified derivation of eqn. (1). 

An alternative approach to the salt effect is possible if one assumes that the sodium 
ion is completely dissociated throughout and that increasing the sodium chloride concen- 
tration merely causes greater shielding by the ionic atmosphere around the nucleate anion 
If the macro-ions are assumed to be spherical, this approach ! requires as result a linear 
dependence of (pH), on ut, but the present data yield a curved plot even at low yu. Hill 
has recently ** calculated the electrostatic free energy, in solution, of a long cylinder 


2) Hale and Reichenberg, Discuss. Favaday Soc., 1949, 7, 82 

22 Katchalsky and Michaeli, quoted by Katchalsky, Progr. liiophys., 1954, 4, 1 
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uniformly charged on its surface, and application to his equation of the methods used for 
the spherical case } finally yields for the dissociation of one type of group : 


a a 2 Ne \/Z 


where pK, = the apparent acidic dissociation constant of the groups when Z = 0, a = 
their degree of dissociation, Z = the total charge on the long cylinder of length L, and 6 
is a function of ionic strength and the radii of the cylindrical and small ions [ref. 25, 
eqn. (9), quantity in square brackets}, Even if various dissociable groups are preserit 
whose titration ranges overlap, the change (ApH), due to a change in salt concentration 
at constant hydrogen ions bound should be given by : 


2Ne* Z 
(ApH), f (ssoamrb)(z) - 


[he function ~ has been calculated for the present conditions and is found at first to fall 
very steeply with increasing salt concentration and then to change only very slowly above 
u Ol, A plot (Fig. 8) of (ApH), against Ag, taking the p = 0-02 curve as the reference 
line, is as linear as the logarithmic plot already described. However, this linearity may 
be fortuitous since, over the range up == 0-02-—0-50, 6 is very nearly a linear function of 
log u. The strongest argument against this second approach is that equation (3) predicts 
an increase in (ApH), as Z, the charge due to the dissociable groups, increases so that it 
cannot explain the parallel displacement with salt in Figs. 5 and 6. The parallel dis 
placement could only be explained by (3), and by other equations similarly based on the 
assumption of a screening effect of the salt, if the molecule extended as Z increased so 
that 7/L remained approximately constant. During the back tititration of deoxy 
ribonucleate from pH 3-1 to pH 11°5, Z changes four-fold, but there is little evidence 
about the dimensions of the molecule over this range, although some extension has been 
reported.!* Precise dimensional information is therefore required in order to decide if 
the effect of salt can be regarded as entirely due to its screening effects. 

rhe experimentally observed displacements show that the overall negative charge 
density and potential on the complex of nucleate anion -+- gegenions can remain fairly 
constant over a wide range of pH, salt concentration, and charge on the polynucleotide 
chains, but under extreme conditions it appears to alter, for example, when: (a) the 
polynucleotide charge itself becomes small, as expressed in the deviation from parallelism 
of the curve at 4 = 0-50 at low pH near the isoelectric point (Fig. 5), when the ion exchange 
character of the nucleate anion must be breaking down; and (6) both the polynucleotide 
charge becomes very negative and the salt concentration very high, as in the alkaline 
branch of the back-titration curve at p > 0-15. Figs. 5 and 8 show that with increasing u 
up to 0-15 this part of the curve is displaced to much the same extent as the acid branch 
hut that beyond this point sodium chloride has little more effect. This implies that there 
is a limit to the number of sodium ions that can be accommodated around the poly- 
nucleotide chains and that this limit is attained when the chains have a very negative 
charge and when u > 0-15. When the polynucleotide charge is less negative, as along the 
acid branch of the back-titration curve, this limit is not reached even at p = 0-50. 

(d) Secondary Phosphoryl Groups.—-Estimation of the number of secondary phosphory] 
groups in sodium deoxyribonucleates is important since they only occur on the mono- 
esterified phosphoric acid residues at the ends of polynucleotide chains. Their proportion 
is therefore related to the degree of branching !' or to the presence of an “ interrupted " 
double helix.“ They titrate with pX,’ about 6—-7 and attempts have frequently been 
made 4% ®& !! to estimate them from titration curves. When chromatographic analyses of the 
base composition became available, the procedure was ® to sum the titration curves of each 
group, assuming free monobasic acid behaviour, and to use the analytical amounts of the 
bases and approximately the pK,’ values prevailing in the nucleotides. The latter values 
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were adjusted to give the summed theoretical curves best fitting the observed back- 
titration curves of the various nucleates. It was usually found that the region of the 
titration curves from pH 6 to 8-5 could not be satisfactorily accounted for by the amino- 
and ~NH-CO- groups alone so that small but finite amounts of secondary phosphoryl 
groups (ca. 0-2—)-4 per 4 P atoms) were postulated.4*” Recent advances **™ in the 
hydrolytic procedures that precede chromatographic analysis yield results in which there 
is now almost complete recovery of the bases with respect to phosphorus (¢.g., the figures 
quoted in the Experimental section). Recently ® the pX,' of the cytosine amino-group 
has been found to be 5-0 (at u = 0-05) in a nucleic acid derivative (reduced apurinic acid) 
from which the purines have been removed and for which a better estimate of this quantity 
is possible. This is higher than would have been expected from its value in the deoxy 
ribonucleotide,*! viz., 4-6 in the absence of added salt. If this pA,’ value of 5-0 at uw = 0-05 
also applies to the nucleate—and the structure of the reduced apurinic acid ts closer to that 
of the nucleate than is that of a nucleotide—then it must be concluded that the cytosine 
amino-group dissociates over the range previously assigned to the secondary phosphory! 
groups. The whole range of the back-titration curve obtained by the continuous method 
at » — 0-05 (Fig. 2) can in fact be fitted from pH 4 to 8 by taking the analytical figures 
(see Experimental section) for the amounts of cytosine, including 5-methylcytosine, and 
adenine and assigning pK,’ values of 5-0 and 3-5 to their respective amino-groups. Doty 
and Rice * have suggested that the spread of the pX,’ of the cytosine amino-group due to 
polyelectrolyte charge effects would account for the back-titration curve over the range 
pH 6—8-5. Such effects may be partially responsible, although the change with pH of the 
pX,' of the cytosine amino-group in reduced apurinic acid was much smaller than that 
observed with polyelectrolytes (it varies * by no more than 0-26 unit for pH 3-5-—-6-5), 
Whatever the explanation, the experimental evidence now suggests that the cytosine 
amino-group could be dissociating over pH 5—7 and this renders the previous estimates 
of secondary phosphoryl groups unnecessarily high. The evidence for a significant amount 
of such end groups based on dye-binding studies * has also been found capable of other 
interpretations... Hence if branching does ocenr, it must be at a frequency too low for 
unambiguous detection by titration, and other more sensitive methods of investigation are 
necessary for this purpose. 

(e) Alkaline Hydrolysis.—-The earlier evidence that alkali at pH I1-—12, even at 25°, 
slowly hydrolyses sodium deoxyribonucleate has been described in a previous paper. Since 
then Mathieson and Porter ™ report that they have obtained the “ turbidimetric titration ”’ 
curve of alkali-treated material and this may also be interpreted in terms of hydrolysis, 
Dialysable phosphorus-containing fragments have also been detected ® after treatment 
with alkali at pH 12 for 24 hours at 37°, although Doty ™ reports little change in the 
weight-average molecular weight after similar treatment. However the latter observation 
could be explained if the small dialysable fragments were obtained by rupture of linkages 
near to the chain ends. The results given in Table | show that alkali is slowly con- 
sumed in some reaction at pH 12 and 25°, and that it releases groups titrating between 
pH 5and 10. Since the back-titration curves obtained in the absence of alkaline hydrolysis 
show that all the cytosine groups are free to titrate, these released groups can only be 
secondary phosphoryl released by hydrolytic cleavage of the diester linkages. 

If there were present in the nucleate triesterified phosphoric acid residues, t.¢., branching 
points, then alkali would be expected to hydrolyse these linkages, with release of primary 
phosphoryl groups (pK,’ ~ 1-2), even more readily than it attacks the diester linkages 
in the rest of the main chain, in view of the instability of the known triesters of phosphoris 
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acid to dilute alkali at moderate temperatures. (There is however no direct evidence 
on phosphoric acid triesterified by 2-deoxyribose derivatives.) Table 1 shows that none of 
the groups released by alkali from the nucleate titrates below pH 5-1, so that no detectable 
quantities of new primary phosphoryl groups have been formed along with the secondary 
phosphoryl. These observations again indicate that no very large proportion of phosphor 
acid residues can be triesterified. Nevertheless it must be emphasised that, even if there 
were branching points at 1 in every 20 phosphorus atoms, amounts of new primary phos- 
phoryl groups which could be detected by the above methods would be released only if 
the rate of hydrolysis of the triesterified residue was many times greater than that of the 
diesterified residues, 


I. XPERIMENTAL 


Vaterials.--S0dium deoxyribonucleate was isolated from herring sperm at 04° by the 
methods previously deseribed.*”7 The nucleoprotein was extracted by the method of Mirsky 
and Pollster,” and the protein separated by precipitation with excess of sodium chloride and 
centrifugation, followed by chloroform-—octanol extraction of the last traces.*® The sodium 
deoxyribonucleate was precipitated by ethanol, washed with ethanol and ether, dried 
in the frozen state, and stored as moist solid at room temperature. It had the following composi- 
tion and characteristics ; phosphorus « 9-22% (cale, 9-36%); Na/P (atomic) = 0-95; moles 
of base per 4 g.-atoms of phosphorus (chromatographic analyses by Dr. G. E. Marsh#*), guanine 
88, adenine 1-09, cytosine 0-81, 5-methylcytosine 0-07, thymine 1-08; A, 259 my (eqroso 
7200), in the absence of salt, Light-scattering measurements in 0-1m-sodium chloride solution 
showed that this material had a molecular weight of 6-3 x 10* (Mr. B. N, Preston), This one 
preparation was used throughout the investigation and, for titrations, solutions of it in boiled 
distilled water were prepared, Nucleate concentrations were determined in terms of phosphorus 
which was estimated according to methods previously reported.” 

Hydrochloric acid solutions were estimated gravimetrically as silver chloride and volu 
metrically by means of sodium borate decahydrate, Carbonate-free sodium hydroxide solutions 
were standardised against the hydrochloric acid in an atmosphere of hydrogen, Sodium chloride 
lutions were prepared from the dried “ AnalaR ”’ salt. Hydrogen from cylinders was passed 
over heated copper gauze to remove the last traces of oxygen, through concentrated sodium 
hydroxide to remove acidic gases, and finally through water at 25° to saturate it with water 

apour before passage into the electrode cell, 

Method rhe hydrogen electrodes were prepared by platinising platinum foil (9 sq. mm.), 
pot welded to thin platinum wire which was fused into 3 mm. glass tubing. The silver-—silver 
chloride electrodes were similar in construction except that platinum gauze replaced the platinum 
foil The gauze was coated with silver oxide paste, baked at 450° for 3 hr., and was then made 
the anode for 20 sec, at a current of 20 ma in a cell containing hydrochloric acid (0-75m) and a 
platinum cathode. The electrodes were chosen for the rapidity with which they attained a 
steady potential in hydrochloric acid (0-01M), and all whose standard potentials lay outside the 
range 222-0.-223-5 mv were rejected Experiment showed that, although at sufficiently high 
concentrations nucleic acids may form precipitates with silver ions in solution, the silver-siiver 
chloride electrodes gave the same potentials in chloride solutions of pH <10 before and after 
contact with nucleate, The potential difference between the pair of hydrogen electrodes used 
in the electrode vessel was never more than 0-1 mv, and the difference between the pair of 

ilver silver electrodes was never more than 0-50 my, 

Ihe Pyrex-glass electrode vessel, which was immersed in a water-bath at 25° 4 0-05°, con- 
sisted of a horizontal portion (10 cm, x 8 mm, tubing) to which were attached six vertical 
arms (8 mm, in diameter), to accommodate the four electrodes and the hydrogen inlet and 
outlet rhe cell was so placed that, when the hydrogen was bubbling through, the electrodes 
were intermittently washed by the solution (ca. 2 ml.). No other rocking device was found to 
be necessary. The nucleate solutions (final concentration 0-141 mg. of P/ml.), contained in 
wax-coated weighing bottles, were saturated with and stirred by the purified hydrogen stream 
during the addition of the reagents. For each mixture, acid (for final pH’s down to 2-4) or 


** Bailly and Gaumé, Bull. Soc. chim. France, 1936, 3, 1396; Ross, /., 1952, 4296 
*’ Laland, Lee, Overend, and Peacocke, Biochim. Biophys. Acta, 1954, 14, 356. 

** Mirsky and Vollister, /. Gen. Physiol., 1946, 30, 101 

** Sevag, Lackman, and Smolens, /. Biol. Chem., 1938, 124, 425 

Jones, Lee, and Peacocke, /., 1951, 623 
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alkali (for pH's up to 12-0) was added and, within 30 sec., it was followed, if a point on the back- 
titration curve was being obtained, by the addition of the requisite volume of alkali or acid. 
Calculated volumes of sodium chloride solution and water were then added to bring the total 
non-nucleate ionic strength (u) to the desired value. In some series of mixtures, the sodium 
chloride was added before the acid and alkali. All additions of solutions were made with 
“ Agla’’ micrometer syringes. The final mixtures were transferred under hydrogen to the 
electrode vessel when the E.M.F. (Epy,) was measured with a D.C. potentiometer (Muirhead 
D72A, Weston cells as standards). Several solutions of the same composition were indepen- 
dently prepared with a reproducibility in Epyy, of +1 mv or better, depending on the pH of 
the mixture. For each solution of nucleate investigated the E.M.F. (4) of a blank solution, 
of the same composition but with the nucleate omitted, was also measured. The silver—silver 
chloride electrodes fatigued rapidly in alkaline solutions of nucleate but reproducible results for 
(Ey Enya) were obtained by first measuring Ep y, and then using the same electrodes to 
determine the corresponding £),. 
The cells containing nucleate solution may be written as 


(—) H,(Pt)/DNA, NaCl, and NaOH or HCIAgCl Ag (+), 


and Enya, and J are related by : 

2-30: 1CI")'y' wey'er- 

(Epwa — E°pwa) — (Ey — En) —— log at = Pxtyo (5) 
YarYa- 

where E°py, and £°, are the standard potentials (determined from separate measurements in 
hydrochloric acid) of the particular electrodes used to determine Epyy, and /),, respectively ; 
square brackets and y denote molar concentrations and molar ionic activity coefficients, respec 
tively; primed quantities refer to the blank solution. The activity coefficients in equation (5) 
cancel since the ionic strengths in the nucleate and in the blank solutions are virtually identical 
apart from a small contribution (~0-005) from the nucleate ions, The proportion of chloride 
ions bound by the nucleate ion is negligible ® and so the chloride concentration is the same in 
both solutions. It then follows from (5) that 


2-303RT ‘Ht’ 2-303R1 OH 
(Epps - E° nwa) — (Ey — E%, . log 5. “Fa K6) 
DNA pNa) i b) F ii F; 8 On 
Since only the free {H*} or [OH™] is unknown, these may be evaluated and then give the number 
of equivalents of acid or alkali bound by a standard amount of nucleate containing 4 g.-atoms 
of phosphorus, 

In univalent metal chloride solutions yy Yor yuo» Where yys, yor- are the appro 
priate activity coefficients." In order to define a pH scale for the present work, this relation 
is assumed to apply to hydrochloric acid solutions, t.¢., yy = Ye ¥., no) 4nd a pH scale is 
defined by pH, log [H*}y, no where y, yo; 8 the mean ionic activity coefficient for 
hydrogen and chloride ions in a nucleate solution. Since the ionic strength is the same, this 
mean activity coefficient must have the same value as in the corresponding blank solution 
(i.¢., ¥4 nol y’ .. nor) and may be obtained from 

, “ 2°303R7 , er 
E, = E*) - — F log [H*)‘(CI)'(y", aen)® 


For alkaline solutions the pH on this scale (pH) is determined from the free [OH~]}, from the 
value of the activity product of water at the appropriate ionic strength @ and on the assumption 
that yy+ = You- © Y+,ne) in a solution consisting chiefly of sodium chloride. In the figures 
showing titration curves obtained by this method the size of the circles is considerably greater 
than the errors involved and each point is the average of several determinations, Below pH 
4-5 and above pH 10-5, the variation in the determined pH, values for independent preparations 
of a given mixture was less than 0-01 unit, and at 4-5-—5-0 and 10-0—-10-5 the variation was 0-03 
unit. The variation in the determined number of equivalents of acid or alkali bound (per 4 P 
g.-atoms) was never more than 0-03 unit. 

Continuous Titrations in Cells with a Liquid Junction.-These were carried out at 25° with 
solutions of nucleate (0-141 mg. of P/ml.) in sodium chloride (0-05m). General procedures were 

*§ Guggenheim, /. Amer. Chem. Soc., 1932, 54, 1350 

42 Harned and Owen, “ The Physical Chemistry of Electrolytic Solutions,’ Keinhold Publ. Corp, 
New York, 1943, pp. (a) 485, (6) 320 
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as described previously * with the additional precautions mentioned in the Discussion. The 
pH scale used was the “ saturated calomel scale’ of Hitchcock and Taylor.” ‘Titrations were 
considered unsatisfactory unless, when finished, the electrode system recorded the pH’'s of the 
buffers to within 0-02 unit of their assigned values. ‘The ‘‘ water corrections’’ “ for the titration 
curves were obtained by blank titrations of 0-05m-sodium chloride with the same acid and alkali. 
Under these conditions of controlled ionic strength there was no correction factor for activity 
coefficients. In the present apparatus the maximum increase in salt concentration due to 
diffusion from the salt bridge during the 23-hour titrations was never greater than 0-01M, 
which at u = 0-05 would affect the pH by only 0-02 unit at most. The standard deviation 
computed for 12 independent titrations (curves I, II, Fig. 7) was 0-02-—0-04 equiv. /4P g.-atoms 
for pH 3—11, but exceeded 0-05 for pH’s outside this range. 

Alkaline Hydvolysis.—Nucleate solutions (final concn. = 0-141 mg. of P/ml.; final p = 0-02) 
were maintained at 26° and pH 12 in an atmosphere of hydrogen for various periods. The 
containing vessel was made of platinum since Pyrex glass was attacked by alkali. To minimise 
evaporation the purified hydrogen stream was passed first through the corresponding blank 
solution, then over the nucleate solution, and finally through a water trap. After this treatment 
with alkali, amounts of acid were added to adjust the pH to values of about 4, 5, or 10 where 
the nucleate was known to be stable. The E.M.F.’s were then measured, The E.M.I. of 
blank solutions treated in the same way was found to be constant even for solutions kept at 
pH 12 for 24 hr., provided a platinum vessel was used, 
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486. (Quantitative Aspects of the Base-catalysed Halogenation of 


Aliphatic Ketones. Part I. TIodination of Methyl Ketones, 
By C, F. Curtis and M, H. Hasum 


[he base-catalysed iodination of some aliphatic methyl ketones has been 
investigated. In practice, reaction does not occur quantitatively according 
to the equation: CHyCOR + 31, 4+ 4NaOH « CHI, 4- R°CO,Na + 3Nal 

8H,O. Acetone, ethyl methyl ketone, methyl n-propyl ketone and n-butyl 
methyl ketone take up more than the theoretical amount of iodine, while 
methyl ssopropyl ketone and fert.-butyl methyl ketone consume less than this 
quantity, even when the optimum conditions are attained for high iodine up- 
take 

Phe factors controlling the extent of iodine consumption include the con 
centrations and the rate and order of addition of the reactants, It is shown 
that there is a competition between reactions involving iodination of the or 
ganic compound and those resulting in decomposition of the active iodinating 
spec is 

Analytical methods have been devised which enable the fate of the con 
sumed iodine to be determined, From all the ketones studied, iodinated 
organic acids are formed as well as the predicted fatty acids. With the least 
reactive ketones, less highly iodinated neutral products are found in addition 
to iodoform, The mechanisms of the reactions leading to the formation of 
these abnormal products are discussed. 


WueEN methyl ketones react with iodine in alkaline solution the principal reaction occurring 
is generally represented by the equation (1), This reaction has been much used for the 


CHyCOR + 31, + 4NaOH = CHI, + R-CO,Na + 3Nal + 3H,O. . (I) 


determination of methyl ketones and related compounds. 
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Kramer ! devised a gravimetric procedure which is still occasionally employed,? but is 
in general only suitable for semi-quantitative work. Messinger’s volumetric method ® has 
been much more widely used. This has been extensively studied and modified in order to 
yield the most accurate results.4 Even under optimum conditions, however, it seems that 
reaction does not occur quantitatively according to equation (1). For example, Hatcher 
and Mueller ® found that the reaction never gave theoretical yields of iodoform., The 
method is also said to give high results in the determination of acetone ® 7 and ethyl methyl 
ketone,* and low results with methyl isopropyl ketone.® 

In this paper, the quantitative aspects are discussed of the base-catalysed iodination of 
a number of methyl ketones. It is established that in no case does the overall reaction 
proceed strictly according to equation (1), though with acetone the extent of side reactions 
is small enough not to exclude the use of Messinger’s method for the quantitative analysis 
of this ketone. 


EXPERIMENTAI 


Materials.—-The purest available commercial samples of the ketones were used. Acetone 
was further purified by the sodium iodide method. The other ketones were dried (KyCO,) and 
then fractionated through a l-m. column, the middle fractions of constant physical properties 
being retained. Attempts to determine the concentration of ketone solutions by the hydroxyl- 
amine method ® invariably led to low results. Hence all ketone solutions were prepared by 
weight according to Goodwin's procedure.* All other reagents were ‘‘ AnalaR " materials or of 
comparable purity and were further purified where necessary by conventional methods, 

Kinetic Measurements.—Since the reactions are relatively fast, rate measurements were 
made in Y-tubes, the sodium hydroxide and ketone solutions originally being in one limb and 
the iodine solution in the other. Reaction was stopped by pouring the reaction mixture into 
a slight excess of hydrochloric acid and the liberated iodine was immediately titrated with 
thiosulphate, 

Measurement of Total Halogen Consumption._-Two of the reactant solutions were run into a 
conical flask, and the third solution was added with continuous shaking of the flask. After 1 hr.,, 
the mixture was acidified, and the liberated iodine titrated with thiosulphate. 

Che order of mixing of the reagents was usually ketone-alkali-iodine, and to ensure that, as 
far as possible, the iodine solution was added at a standard rate, the same (25 ml.) pipette was 
used throughout for its delivery. 

Identification of Acid Reaction Products.-¥.xcess of halogen was titrated with thiosulphate, 
and the organic constituents were extracted with ether (3 x 5 ml.). The combined ethereal 
extracts were washed with aqueous ammonia (3 * 5 ml.), and the ammonia layer was analysed 
for the anions of fatty acids and halogenated organic acids by a paper-chromatographic method,” 

Quantitative Analysis of Reaction Products...(a) Neutral and acid iodinated products, After 
removal of excess of halogen with thiosulphate, the acidified reaction mixture was shaken with 
ether (8 x 5 ml.). The combined ethereal extracts were further shaken with 0-1N-aqueous 
sodium hydroxide (8 x 6 ml.). The alkaline layer was acidified with halogen-free nitric acid 
and organic acids were extracted with ether (3 5 ml joth the ethereal solutions (contain 
ing neutral and acid organic products respectively) were separately analysed for total halogen 
content by a modification of Drogin and Kosanoft's sodium alcohol method." 

To test the efficiency of extraction, pure samples of iodoform, iodoacetic acid, and ~-iodo 
propionic acid were analysed for halogen, and it was found that almost all the organically bound 
iodine (“> 98%) could be determined (Table 1). 

(b) lodoform. After reaction was complete, the iodine liberated on acidification was titrated 
with thiosulphate. The organic constituents were extracted with chloroform (20 ml.), The 


' Kramer, Ber,, 1880, 18, 1000. 

* Hennion and Pillar, J. Amer, Chem. Soc., 1950, 72, 531 
4 Messinger, Ber., 1888, 21, 3366 

* See, e.g., Goodwin, J. Amer. Chem. Soc., 1920, 42, 39 
* Hatcher and Mueller, Trans. Roy. Soc. Canada, 1929, 23, 35 

* Dal Nogare, Norris, and Mitchell, Analyt. Chem., 1951, 28, 1473 
’ Haughton, Ind. Eng. Chem. Anal., 1937, 9, 167 

* Cassar, Ind, Eng. Chem., 1927, 19, 1061 

* Marasco, ibid., 1926, 18, 701 

Hashmi and Cullis, Analyt. Chim. Acta, 1956, 14, 336 

'! Drogin and Rosanoff, J]. Amer. Chem. Soc., 1916, 38, 711 
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chloroform layer was shaken with 0-2% aqueous hydroxylamine hydrochloride to remove 
carbony! compounds,® then dried and diluted to exactly 25 ml. with fresh solvent. The iodo- 
form content was determined by a spectroscopic absorption method,* the optical density being 
measured at 3470 A with a Unicam SP 500 spectrophotometer fitted with 2-cm. quartz cells. 


TABLE I. 
Weight of iodine (%,) Extraction 
Compound found Cak (%) 
95-41 96-70 08-7 
67-30 64-28 98-6 
62:17 63-50 98-0 


lodotorm 
lodoacetic acid 


Kelated iodo-compounds, ¢.g., methylene iodide, were also found to absorb to some extent 
at the wavelength used, but the absorption is much less than that due to iodoform itself (<< 10%). 
The possible interference of such compounds was therefore neglected, 


RESULTS 

Kinetic Measurements,—-The higher methyl ketones show similar kinetic behaviour to 
acetone,™'* With the alkali present in large excess, the iodine disappears according to a 
first-order kinetic law. Plots of log,, (7, ~ T,,) against ¢ (where 7, and 7, are the thiosulphate 
titres after times /and infinity, respectively) are linear over at least the first half of the reaction, 
after which the rate tends to fall off less rapidly. 

The rates of halogenation in Table 2 are not, however, proportional to the rates of dis 
appearance of ketone and should, strictly speaking, be multiplied by a “ statistical '’ factor to 


TABLE 2. Rates of iodination of some methyl ketones. 
emp 25°; (Ketone) 0-0025m; (lodine) = 0-Olm; (NaOH) O-lM 
(h) Vel. const. (%) 
1) Ketone we 
n-Butyl methyl ketone 
Methyl isopropyl ketone 
tert.-Butyl methyl ketone 


Vel. const 
Ketone 
.¥ etom ‘ . 
ithyl methyl ketone 
Methyl n-propyl ketone 


allow for the different amounts of iodine consumed by the various ketones (Fig. 1). Such a 


correction is difficult to apply in practice since the conditions obtaining in the rate experiments 
are not those under which the limiting uptake of halogen is achieved, In any case, multiplica- 
tion of the observed rates of halogenation by the appropriate factors would not alter qualit- 
atively the order of reactivity of the ketones studied. 

rhe initial rates of halogenation are directly proportional to the hydroxyl-ion concentration 
(Table 3) and independent of the concentration of iodine (Table 4) 


Influence of alkali concentration on the rates of todination of some methyl ketones 
Temp 25°; {Ketone} 0-0025m; |lodine 0O-OlM 
Ethyl methyl ketone lert.-Buty!l methyi ketone 
[NaOH (m) Vel. const. (A) (sec! « 10%) k/(OH™} [NaOH] (mM) Vel. const. (k) (sec x 10%) &/(/OH 
Ol 9-01 90-1 Ol 3-41 34-1 
Ow 17-40 87-0 02 6-62 33-1 
On 26-20 87:3 0-3 ooo 33-3 


PrABLE 3% 


4. Influence of iodine concentration on the rate of iodination of some methyl ketones. 
Temp 25°; {Ketone 0-0025m:> (NaOH O-lm 
Ethyl methyl ketone tert-butyl methyl ketone 
lodine | (m Vel. const. (sec! * 10°) {lodine) (m) Vel, const. (sec! * 10°) 
ool GOl O-O1 
our SRO O02 
OOS 0-00 0-03 


PABLI 


Factors Controlling the Extent of Iodine Consumption.—(a) Influence of alkali concentration. 
A fixed volume of iodine solution was added to various ketone-alkali solutions, The uptake of 


 Hartlett, J]. dmer. Chem. Soc, 1934, 56, 067 
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iodine increases with alkali concentration (Fig. 1), reaching a limiting value only in presence of 
a comparatively large excess of hydroxyl ions, i.¢., 8-15 times that required according to 
equation (1). 


o 
Fic. 1 The influence of alkali concen- | 
tration on consumption of iodine by 
methyl ketone 
emp 25°; {Ketone O-0025™M ; 
lodine O-OlM 
) (CH,4),CO (3-02) ee 
@ CHyCO’CHy CH, (312) 
© CHyCO’CH(CH,), (2-65) 
B CHyCOiCH,) CH, (3-15) 
@ CHyCO*|CH, CH, (3-02 
© CHyCO-C(CH,), (2°35) 


0-°- §== 8 — 6 ——- 8 = 8 = 8 

» | 

Pe i tes | 

(The figures against each ketone represent ; 
the number of moles of iodine consumed 
per mole of ketone when excess of alkali 
iS prese nt 


Moles of iodine consumed per mo/e of ketone 


NaOH concn. (mole |. *) 


Fic. 2 The influence of iodine 
oncentration on consumption 
if iodine by methyl ketone 


femp 25”; 
Ketone OO025M 


NaOH @ O-lM 
Odiu; © 1M 


A, (CHy)yCO; B, CH yCOC,H, 
, CHyCO( CH, CH, 
,CHy CO CHyly CH, 

BE, CHyCO-CH(CH,), 
, CHyCOrC(CHy), 


ace —$—s-——8 


@ 
1 T>e.i 


002 0:04 0:06 0:02 0:04 0:06 


lodine concn. (mole /-' ) 
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(pb) Influence of iodine concentration, Equal volumes of different iodine solutions were run 
into a standard ketone—alkali solution. When sufficient alkali is present to achieve limiting 
consumption of a fixed amount of halogen, the uptake of iodine generally increases slightly with 
iodine concentration; at lower alkali concentrations, the iodine consumption decreases markedly 


when a large excess of the halogen is added (fig. 2 Ihis decrease might be due to depletion of 
OH HIO + I~, Measure 


the hydroxyl-ion concentration as a result of the reaction: I, 
ments show an appreciable decrease in the pH of solutions of sodium hydroxide when large 


2516 Cullis and Hashmi: Quantitative Aspects of the Base-catalysed 


amounts of iodine are added; this effect is naturally most marked at low alkali concentrations 
(Fig. 3). Any factor which reduces the hydroxyl-ion concentration also tends to decrease the 
extent of iodine consumption (compare Fig. 1). On the other hand, the observed behaviour 


140" 
| SS ° fe) 
i 
we 
12-0 © ric. 3. The influence of todine concen 
tration on the pli of reaction mixture 
Temp 25°. {NaOH}: © = O-im 
= ° @)= 04m; © = 05m, 
10:0 
] 1 s| 
002 004 O06 
: a/ 
fod ine concn. (mole / ) 
Fic. 5. The influence of the order of mixing of 
the reagents on consumption of todine 
bia 4 lhe influc nee of pota ium iodide con- ") 2 ce ee ee 
centration on consumption of iodine by methyl 3 20 A 
ketone rs 
a = — ave Oo—- 0 -——-9 ----O~--—O0 
Pe [ ~ 
64 o| A ~ 
te S ~ ™ oo sania ~ 
a io i boo = S po. @ 
3 20 5 
b 1 lt —_..---1Y » ~ 
s4 o} ° € Oman, 
: 5 r 4 e) 
—9—9——-0——-0 ——-0 
> ‘ ——0-———- @ S$ 2:0} ad 
e 20 ee o 
4 . 
€ 1 rT oi $ 0-0-0 0-0 
wo¥ i _— v eo 
» 40h 8 = 
. r » fOr igs oe 
°o ~@ 
o ( — Oo— —C ~—~@ 
(i . rd 
‘ °-—e —-e-——-e 3 
° i iidieiiedleccnr st a = 
4 o-Oo/ 0:02 x 0OoJs 40 80 
$ KI concen (mole / ) Time (min.) 
Temp 25 Ketone! 0-0025M Temp 25°; [Ketone] 0-0025M 
lodine| «= O-OlM. (lodine] = 0-Olm; [NaOH] = 0-05m 
NaOH @ Oolm; © O-4M, © Ketone and sodiam hydroxide mixed, iodine 
added after time ¢ 
Hy) @ lodine and sodium hydroxide mixed, ketone 


added after time ¢ 


A, CHyCO-C,H 
B, CHy *CO-CICH Hy)s 


, (4 
, CHyCOC,H, 
,CH Ox i Hiy)s 


might be attributable to concurrent alterations in the concentration of potassium iodide, for 
the different iodine solutions were prepared by dilution with water of a stock solution of iodine 
in aqueous potassium iodide, Separate experiments show that at low alkali concentrations an 
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excess of potassium iodide decreases the uptake of a fixed amount of iodine (Pig. 4); the decrease 
is most marked with the least reactive ketones. This is a specific effect of iodide ions, since 
additions of other salts, ¢.g., potassium sulphate, do not influence iodine consumption, 

(c) Order of mixing of reagents. Two of the reactant solutions were mixed and the third 
solution was added after various times. The extent of halogen consumption is greatly decreased 
when the alkali and iodine are mixed and set aside before the ketone is added (Pig. 5). On the 
other hand, when either the alkali and ketone or the ketone and iodine are ‘‘pre-mixed,"’ the 


The influence of the rate of addition 
ilkalt on consumption of iodine 
lic. 6. The influence of the rate of addition of sabiiadibcmenyittlindiniaadliidilinl 
iodine on consumption of todine [ , , 
370 He oO _— 
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Temp 25°; [Ketone] 0-0025m™ ; 
lodine} 0-Olm 
{NaOH}: © 005m; @ O-lm; © O-4dm 
The absciss# represent the time, ¢, taken for 
the addition of a fixed volume of iodine solu The abscisse# represent the time, ¢, taken for 
tion (25 ml.) the addition of a fixed volume of alkali solu 


A, CHyCO-C,H, tion (40 ml 

B, CHyCO-C(CHsg), A, (CH,),CO 
B, CHyCOC,H, 
C, CHyCOC(CH ss), 


femp 265°: (Ketone 0-0025M : 
lodine| « O-Olm 


NaOH): @ (4m; © 40m 


amount of iodine consumed is independent of the time which elapses before the third component 


is added 
(d) Rate of addition of reagents. Vixed volumes of iodine solution were added slowly with 
pre-mixed '’ ketone-alkali solutions, and the rate of addition of the 


constant agitation to “ 
The iodine uptake is increased by 


iodine was varied to extend over different periods of time 
slow addition of the halogen, the effect being most pronounced when the alkali: ketone ratio is 
comparatively small (Fig. 6). The reverse effect is found when the alkali is added last, its slow 
addition causing the consumption of iodine to decrease (I’ig. 7) 

(e) Influence of ketone structure, The important fact emerges from Fig, 1 that with acetone 
the limiting molar consumption of iodine corresponds almost exactly to the theoretical value of 
3-0 according to equation (1), With the higher homologues, however, the corresponding value 
may be appreciably greater or less than 3.0. In general, the number of moles of iodine con 
sumed per mole of ketone, CH,°COR, is greater or less than 3-0 according to whether K is a 
straight-chain or branched-chain alkyl group 

Identification of Acid Reaction Products.—The results in Table 5 show that, in addition to 
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the fatty acids predicted according to equation (1), their 2-iodo-derivatives are formed wherever 
possible. With methyl isopropyl ketone and fert.-butyl methyl ketone, the nature of the acid 
products suggests that some fission occurs across both the C~C bonds adjacent to the carbonyl 
group 

Quantitative Analysis of Reaction Products.—(a) Neutral and acid iodinated products. Table 
6 shows some analytical results for the products of reaction mixtures containing different initial 
iodine concentrations; in all cases, sufficient alkali was present to achieve the limiting uptake 


fawte 5. Acids formed in the base-catalysed iodination of some methyl ketones.*. 
lemp 25°; | Ketone}! 0-0025mM; [lodine}) O-Olm; ‘NaOH O-4M 
Acids formed 
A f A. . 
Ketone Fatty acids lodo-acids 
CHyCOICH, “ CHyCO,H CH,L-CO,H 
O38 (0-39) O50 (0-50) 
CHyCHyCOICH,  .seeee ' CHyCHyCO,H CHyCHLCO,H 
0-458 (0-45 0-54 (0°55) 
CHyCHyCHyCO'CH, CHyCHyCHyCO,H CHyCHyCHLCOH 
0-56 (0-57) 0-64 (0-62) 
CHy CH yCHyCHyCOICH, . CHyCHyCHyCHyCO,H CHyCHyCHyCHL-CO,H 
0-68 (0-68) 0-73 (O0-72-—-for isomeric 
a-iodoisovaleric acid) 
CH) eCH,COICH, CH,),CH’CO,H (CH,),CIl-CO,H and CH,1-CO,H 
, O57 (0-57 0-64 (0°63) OSL (O50 
(CHy)C COICH, re (CHy),C°CO,H CH,1-CO,H 
0-69 (0°70) OSL (0-50) 
* Ky values of acids present in products are given together with the corresponding values deter 
mined for the known acids, The developing solvent contained 30%, v/v of aqueous ammonia (s.g, 0°55 
ind 70 v/v of n-propyl alcohol 


lanie 6. Influence of iodine concentration on the iodinated products formed from methyl 
ketones 


femp 25°; {Ketone} 0-0025m; ‘NaOH 04M 
Moles of iodine per mole of Moles of iodine per mole of 
ketone ketone 
Found Found 

loding F , Con extrac lodine . A Con Extrac 
molel~') Neutral Acid Total sumed tion (%) mole l~') Neutral Acid ‘Total sumed tion (%,) 
Acetone Methyl 1 opropy! ketone 

ool 200 O06 2-06 Sol Oe2 OOOTS 2-46 Olt 2-57 2-66 97-2 

Oot 2-46 Ol 2-57 2-65 97-2 

kthyl methyl ketone O-os 255 od 2 66 2-71 UBS 

OO0OTS 280 0-11 2-91 3-00 O74 OOTS 274 0-14 2-88 2-96 97-5 

ool 2-03 O13 3-06 3:12 onO 

O03 2-03 O13 3-06 314 sO tert.-Lbutyl methyl ketone 
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of a fixed amount of iodine, The total extraction of organically bound iodine may be compared 
with the values obtained during standardisation of the analytical method (Table 1). Almost 
all the consumed iodine is evidently converted into organic form; the major part of the halogen 
is in neutral form and only a small proportion is found as iodo acids. Where the molar iodine 
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uptake is greater than 3-0, the increase in halogen consumption with iodine concentration is 
accounted for by an increase in the quantity of iodo-acids, Where less than the theoretical 
amount of iodine is taken up, the variations appear to be controlled mainly by the quantity of 
neutral halogenated products, With reaction solutions containing insufficient alkali to cause 
the limiting amount of iodine to be taken up, neutral and acid reaction products are formed 
concurrently in a more or less constant ratio, even when the total extent of iodination is small 
(Table 7). This suggests that the iodo-acids are formed as an integral part of the main reaction 


TABLE 7. Influence of alkali concentration on the iodinated products formed from methyl 
ketones 
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TABLE 8. Jodoform present in the neutral iodinated products. 
emp 25°; {Ketone} = 0-0025m; | lodine OOlM; | NaOH Ode, 
Moles of iodine per mole Moles of iodine per mole 
of ketone of ketone 
Neutral Neutral 
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Methyl n-propyl ketone... 2-93 2-80 tert. -Butyl methyl ketone 2-18 1-63 


* Found by total-halogen analysis * Found by spectroscopic absorption 


involving iodination of the ketone followed by C-C bond fission, and not by a slow subsequent 
halogenation of the fatty acids first formed. Experiment indeed shows that no appreciable 
direct iodination of the fatty acids occurs under the experimental conditions used, 

(b) lodoform. The results in Table 8 show that with acetone, ethyl methyl ketone, and 
methyl n-propyl ketone, iodoform is produced in approximately theoretical quantity and 
accounts for all the neutral organically-bound iodine, With the other ketones, substantial 
quantities of less highly halogenated neutral iodine compounds are also formed. 


Dis« USSION 


Nature of the lodinating Species.—The main course of the base-catalysed iodination of 
acetone is well established and is believed to consist of three stages: (i) conversion of the 
ketone into an enolate ion, (ii) progressive iodination of this ion to yield tri-iodoacetone, 
(ui) hydrolytic fission of the iodo-ketone to give iodoform and acetic acid. The principal 
iodinating species in (ii) is thought to be hypoiodous acid.“ With higher methyl ketones, 
as with acetone, the rate of halogenation is normally controlled by (i) (Tables 3 and 4), but 
the extent of iodination appears to depend on the balance between (ii) and a competing pro 
cess involving disproportionation of hypoiodite to iodate. In order to reduce the rate of 
disproportionation and hence increase the iodine uptake, it is necessary to effect a high 
degree of dispersion of the halogenating agent." Thus the iodine should be run into the 


' Morgan, Bardwell, and Cullis, /., 1950, 3190 
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pre-mixed ketone and alkali (Fig. 5), and it should be added slowly (Fig. 6). The dispro- 
portionation of hypoiodite is retarded by hydroxy] ions and accelerated by iodide ions ™ '* 
and consequently the extent of iodine consumption is increased by maintaining a high pH 
(Fig. 1) and decreased by addition of iodide ions (Fig. 4). The use of a high iodine con- 
centration retards (i) by decreasing the effective hydroxyl.ion concentration; this also 
slows down (ii) and hence favours the disproportionation process so that the iodine uptake 
is decreased. This factor is predominant at low alkali concentrations or when (i) is rela- 
tively slow, and is thus most in evidence with the least reactive ketones (Fig. 2). At high 
alkali concentrations, an increased concentration of halogen increases the extent to which 
(ii) can occur by maintaining for a longer period a sufficient supply of hypoiodous acid. 

Causes of Abnormal lodine Consumption.—The iodine uptake will inevitably be low if 
the conditions are such that disproportionation of hypoiodous acid is rapid compared with 
enolisation of the ketone. Even if a sufficient concentration of hypoiodous acid is main 
tained, however, the iodine consumption rarely corresponds to that required by equation 
(1). Two opposing factors appear to be operative. 

(a) Factors responsible for high iodine consumption. A high iodine consumption results 
from the formation of iodo-acids in addition to the normal reaction products predicted by 
equation (1), The experimental evidence shows that the production of such compounds 
must be considered as part of the main reaction and that the “ extra” iodine is taken up 
by the ketone before fission of the C-C bond. 

In order to obtain a fuller insight into the mechanism of formation of iodo-acids, it is 
necessary to consider in more detail the rate-determining (enolisation) stage of the reaction 
Ihe direction of enolisation of an unsymmetrical ketone depends on the nature of the sol 
vent. In alkaline solution, substitution at a carbon atom slows down reactions dependent 
on the enolate ion (Table 2), and this, together with other evidence,'?: 1% ™ suggests that 
enolisation oceurs away from the most substituted group, t.¢., towards the methyl group 
n methyl ketones. The enolate ion formed initially may immediately react to give a 
monoiodo-ketone, R°CHy’CO-CH,I, which will be further rapidly iodinated at the substi 
tuted methyl group.2° If, however, the enolate ion persists in solution long enough, it 
nay undergo a tautomeric change : 


(l) [RCH,CO‘CH,)= qm [RCHICOCH,)~ (II) 


(11) is in general stabilised with respect to (I) by hyperconjugation, and if the experimental 
conditions are such that equilibrium is set up before iodination occurs, substitution will 
take place to some extent on the “ wrong” carbon atom.*! If this were to happen, iodo 
acid would eventually be formed in addition to iodoform. The iodine uptake is, however, 
the same whether the order of mixing is ketone~alkali-iodine (Fig. 5) or ketone—iodine 

alkali (Fig. 7), although under the latter conditions, equilibrium between (I) and (II) is 
less readily established, Furthermore, if the above tautomeric change were faster than 
iodination, the corresponding process : 


(111) ReCHECOK H,| ae [ReCUiCO* H, (LV) 


would be even more rapid, and both direct enolisation and the position of equilibrium 
would favour (IV) with respect to (III). In other words, any wrongly mono-iodinated 
compound should, according to the above mechanism, become di-iodinated. In fact, 
di-iodo-acids are not found among the reaction products. 

A more plausible mechanism for the formation of iodo-acids may be constructed if it is 
assumed that initial attack occurs exclusively at the methyl group and further subsequent 


'® Skrabal, Monatsh., 1911, 32, 167, 185; 1912, 33, 99 

'* Li and White, J. Amer. Chem. Soc., 1943, 66, 335 

'? Simonsen, /., 1022, 121, 2292 

‘* Semmler and Schiller, Ber., 1927, 60, 1591. 

'* Levine and Hauser, /. Amer. Chem. Soc., 1944, 66, 1768 
* Cf. Bell and Lidwell, Proc. Roy. Soc., 1940, A, 176, 88 
*! Cardwell, J., 1961, 2442 
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iodination at the same point eventually gives rise to the compound R°CH,yCO-C],. This 
would undergo hydrolytic fission as the predominant, but not necessarily the sole, reaction. 
It might also enolise to give the ion [R°CH:CO-CI,|~, which would rapidly suffer iodination 
at the non-methyl group before cleavage takes place. An increase in alkali concentration 
would increase the rate of hydrolytic fission of the tri-iodo-ketone, but would also accelerate 
its enolisation and further iodination. Since both processes are presumably of the first 
order with respect to hydroxyl-ion concentration, the ratio of iodo-acids to iodoform would, 
on this theory, be largely uninfluenced by the alkali concentration, as is indeed found 
(Table 7). A mechanism for the formation of iodo-acids, involving iodination at the 
“ wrong" earbon atom after rather than before tri-iodination has occurred at the methyl 
group, therefore seems to be more in accordance with the experimental facts. 

With ethyl methyl ketone and methyl n-propy! ketone, considerably more iodo-acid is 
formed than with acetone. This suggests that the tri-iodo-compounds CHyCHyCO-CI, 
and CHg’CH,CH,’CO-CI, are relatively more stable towards alkali than tri-iodoacetone, so 
that they can be halogenated to a greater extent before (~-C bond fission takes place. 

(b) Factors responsible for low iodine consumption. Except with acetone and ethy! 
methyl ketone, a parallelism exists between rate of iodination (Table 2) and extent of 
halogen consumption (Fig, 1), the least reactive ketones, such as methyl tsopropyl ketone 
and fert.-butyl methyl ketone, taking up the smallest amounts of iodine. With these two 
compounds in particular, less highly iodinated neutral products are formed in addition to 
iodoform (Table 8). These are not iodo-ketones, since carbonyl compounds were previously 
removed from the reaction mixture. They must therefore be iodo-paraffins formed by 
hydrolytic fission of intermediate mono- and di-iodo-ketones. A factor which may en 
courage premature fission is steric hindrance. Poggi™ has shown that, during iodination 
of tert.-butyl methyl ketone, the compound (CH,),C*CO-CH IL, can be isolated. Experiments 
with models confirm that, with the enolate ions |(CH,),C*CO‘CI,|~ and [(CH ),CH-CO{CI,}", 

teric hindrance makes the introduction of a third iodine atom difficult, so that hydrolysis 

of the di-iodo-ketones can compete successfully with further iodination. The analytical 
results show that premature fission sometimes takes place across the " wrong” CH 
bond. With methyl isopropyl ketone, for example, iodoacetic acid is found among 
the products (Table 5); after a single iodination on the methyl! and ¢sopropyl groups, some 
cleavage must presumably occur according to the equation : 


(CH,),C1-CO-CH,I | OH- | CHyCHL-CH, + CHICO, 


With ketones of low reactivity, it is difficult to maintain a sufficient supply of hypo 
iodous acid, since the rate of production of enolate ions is small. Attempts to accelerate 
enolisation by an increase in hydroxyl-ion concentration will also tend to increase the rate 
of premature hydrolytic fission, so that it may not be easy in practise to achieve a higher 
iodine consumption. 
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487. Infrared Spectra and the Polymorphism of Glycerides. 
Part Il, \:3-Diglycerides and Saturated Triglycerides. 


By D. CHAPMAN, 


The infrared spectra of the liquid and the polymorphic forms of some 
even-membered 1: 3-diglycerides and even-membered saturated trigly- 
cerides have been studied: they enable deductions to be made about the 
transitions between the polymorphic forms and about their structure. The 
spectra obtained for the lowest-melting forms of the triglycerides provide 
a new criterion for the identification of these forms about which considerable 
controversy exists. 


In the earlier paper on monoglycerides,* it was pointed out that infrared spectra provide 
a useful means for detecting and following polymorphic transitions. This method has now 
been applied to the examination of the polymorphic transitions of di- and tri-glycerides. 

The literature records considerable study of the polymorphism of these glycerides, by 
thermal techniques and particularly by X-ray powder photography. Although 
considerable information has thus been obtained,’ there is still controversy over the 
correlation of melting points of the triglycerides with the short spacings in their poly- 
morphic forms. Amongst other difficulties the short spacings for various polymorphic 
forms may not differ greatly. 


EXPERIMENTAL 


Che diglycerides were prepared by treating the acid chlorides (from pure fatty acids) with 
pure glycerol according to Rose's method.?- They were recrystallised from ether and then a 
number of times from hexane; specimens used were | : 3-dilaurin, m. p. 56-5°; 1: 3-dipalmitin, 
m. p. 73-6°; and | : 3-distearin, m. p. 78-7°. 

lhe triglycerides were prepared from pure fatty acids and pure glycerol at 180-—200° in the 
presence of 02% of stannouschloride. The crude product was melted and shaken with hot alcohol 
a number of times to remove the bulk of the free fatty acid and mono- and di-glycerides, the 
remainder of which was removed by stirring the molten glyceride with hot 0-1n-sodium hydroxide 
solution and finally with hot distilled water. The resulting triglyceride was dried in vacuo and 
crystallised from toluene. Thus were obtained trilaurin, m. p. 46-4°, tripalmitin, m. p. 65-7°, 
and tristearin, m. p, 72-5°, 

The spectrometer was a Grubb-Parsons $.3 double-beam spectrometer with a rock-salt 
prism; the glycerides were examined in capillary thicknesses between rock-salt flats; and the 
spectra were obtained between 3500 and 650 cm... A heated infrared cell was used for the 
liquid forms and for those polymorphic forms which occurred during heating or cooling; and 
the temperature of the material was determined within +-1° by means of a calibrated thermo- 
couple. The spectra of the stable $-forms were also obtained by dispersing the known $-form 
crystalline materials in Nujol. X-Ray and m. p. data were used to confirm the identity of 
the #-forms of both di- and tri-glycerides 


RESULTS AND DISCUSSION 


|: 3-Diglycerides.—The polymorphism of simple diglycerides was first investigated by 
Malkin, Shurbagy, and Meara,* who stated they existed in «-, #’-, and @-forms. Baur, 
Jackson, Kolp, and Lutton* later observed the $-forms for dipalmitin and distearin, 
but not an aform. However, Malkin states that, owing to the rapidity of the 
transition « — #’, X-ray spectra for only the @’- and the -forms have been recorded but 
that the identity of the low-melting form as an a-form has been inferred by analogy with the 
behaviour of other glycerides and by the fact that the melting points are non-alternating.' 


* Part I, /., 1956, 55 
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he infrared spectra of liquid, 8’-, and $-1 : 3-dilaurin are shown in Fig. 1. No evidence 
for the existence of an a-form was obtained. A band at 3487 cm.~! is assigned to O-H 
stretching of the secondary alcohol group. The free unbonded hydroxy! group band usually 
oceurs between 3700-3500 cm.-!, so the O-H group in this case does not appear to be very 
strongly hydrogen-bonded. The carbonyl frequency occurs at 1739 cm.-', whilst a band 
at 1418 em. ! is assigned to a C-H bending vibration. A band at ca. 1164 cm.’ may be 
assigned to C—O stretching vibration of the CO,R group, whilst a band at 720 cm ' may be 
assigned to a CH, rocking mode. 

When liquid | : 3-dilaurin cools, the first to crystallise is the 6’-form. The spectrum 
is typical of that obtained with normal crystalline material. No evidence for an a-form 
was observed, (This is consistent with the work of Crowe and Smyth ® who observed, 
using dielectric measurements, that virtually no freedom of orientation existed in the 
olid first formed from the liquid with either |: 3-distearin or 1: 3-dipalmitin.) The O-H 
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liquid, whilst the carbony] stretching frequency shifts to 1722 cm 
therefore appears to be more hydrogen-bonded here than in the liquid state, which is the 
reverse of the hydrogen-bonding which occurs in I-monoglycerides. The band near 
1420 cm. ! increases considerably in intensity relative to the C-H bending vibration band 
at 1470 cm.! 

A number of sharp bands spaced at approximately regular intervals of 30 cm.-! oceur 
in the region between 1210 cm.! and 1330 cm.!, which may be assigned to wagging modes 
of methylene groups by analogy with similar bands in fatty acids, alkyl halides, mono 
glycerides, ete. 

A band at 1185 cm. is presumably a shifted C—O stretching frequency. The band at 
ca. 940 cm. ' can be associated with the secondary alcohol group present in the molecule 
by analogy with the assignment of a band in this region in 2-monoglycerides. A band at 
717 cm."' is probably due to a CH, rocking mode 

When the @’-form is heated near its melting point or crystallised from a solvent, thi 
stable @-form is obtained (and confirmed by the X-ray pattern). The spectrum of the 


® Crowe and Smyth, 7]. Amer. Chem. Soc., 1950, 72, 5281 
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-form is very similar to, but possesses some features different from, that of the 6-spectrum. 
The O-H stretching absorption band is now split into two components, at 3487 and 3429 
cm.", and there are also two carbonyl stretching frequencies, at 1727 and 1709 cm."'. 
Phat there are two carbonyl frequencies may be due to the fact that one carbonyl group 
is hydrogen-bonded differently from the other, or to the site and unit-cell symmetry. A 
band near 1420 cm, is still prominent but the intensity of the components at 1389, 1376, 
and 1350 cm.~} is considerably reduced in comparison with similar bands in the #’-spectrum. 
A new band occurs at 1314 cm. but the bands assigned to CH, wagging modes are still 
present in the #-spectrum. Occasional reversal of the intensities of the bands at 1185 and 
1139 cm.-' was shown to arise from orientation effects of the crystals. The remainder of 
the spectrum from 1139 to 717 cm.” is very similar in both forms. 

Similar differences were observed between the spectra of the polymorphic forms of the 
other diglycerides examined. 

Saturated Trigiycerides.-This group of glycerides is the most complete homologous 
series of glycerides that has been studied by thermal and X-ray techniques. Clarkson and 
Malkin * have reported that triglycerides exist in four forms—vitreous, a, 6’, and #—in 
order of increasing melting point and stability. The vitreous form obtained by rapid 
solidification was considered to possess the characteristics of a glass rather than of a true 
crystal. The «form was characterised by both its vertical long spacings and its lack of 
alternation of melting point from odd to even members. The #’-form and the 6-form, 
which show an alternation of melting point, were found to possess tilted chains, the latter 
at an angle of approximately 65°. Lutton 7 agreed with these findings in the case of the 
stable 6-forms, but found that the lowest-melting form designated vitreous by Clarkson 
and Malkin gave a diffraction pattern corresponding to the a-form, and that the form 
designated by Clarkson and Malkin as the «-form gave the (’-pattern. Also, Lutton ? 
did not find a glassy or a vitreous form, or a melting point corresponding to that of Malkin’s 
#’-form. An investigation by Crowe and Smyth ® of the dielectric behaviour of tri- 
giycerides in general confirmed Lutton’s work by showing that the «-form of tripalmitin 
and tristearin possesses dipole orientational freedom down to relatively low temperatures ; 
further, the dispersion regions for the triglycerides were different from those usually 
encountered in crystalline compounds and organic glasses. The results of microscopic 
work by Quimby ® also support Lutton’s views. Malkin,’ however, does not accept the 
interpretation by these American workers, and has recently defended the case for the 
existence of a vitreous form of triglycerides. 

lhe difficulty attendant on the use of the X-ray technique is shown by the fact that 
according to Clarkson and Malkin ® the so-called “ vitreous ’’ and «-forms give rise to the 
same side spacings, and it is impossible to state whether or not a specimen giving the 
«-form spacings contains any vitreous form. It is suggested that a specimen predomi- 
nantly “ vitreous” gives an X-ray powder photograph little different from that of an 
a-form. (Further, to add to the difficulty, the strongest lines given by the a-form and 
the @’-form are practically the same, 4:19 and 4-22 A respectively.) It was thought that 
the infrared spectra of the different polymorphic triglycerides might be sufficiently dis- 
tinctive to clarify the problem; also, with a specimen which is predominantly vitreous the 
spectrum would be mainly that of the vitreous form rather than that of the smaller amount 
of strietly crystalline material present, so that one of the difficulties inherent in the X-ray 
method would be eliminated. 

Che spectrum obtained for liquid tripalmitin (Fig. 2) is similar in general appearance to 
that previously obtained ® for tripalmitin in solution. The carbonyl band occurs at 1739 
em.' and a band found in all glycerides occurs at 1418 cm.-!. A very strong band at ca. 
1160 cm.~! is assigned to the stretching vibration of the C-O contiguous to the C=O group. 
A strong band at 720 cm.-! may be assigned to a methylene rocking mode. 

When the liquid was rapidly cooled to 0°, a change in the spectrum was observed. This 


* Clarkson and Malkin, /., 1934, 666; 1948, 085 
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new spectrum is shown in Fig. 2 and is assigned in this paper to the a-polymorphic form, 
m. p. 45°0°. In comparison with the spectrum for liquid tripalmitin, there are shifts 
of bands and new bands appear. The band originally at 1418c m.-! moves to 1410 
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cm.!, and the 1372 cm.~! band assigned to symmetrical bending in methyl groups is now 
less broad. A number of sharply defined new bands between 1335 and 1190 cm.~ occur 
at intervals of the order of 20 cm.-!, and can be assigned to wagging modes of methylene 


groups. The strong band associated with a C—O stretching vibration at 1160 cm.~! in the 
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liquid is now found at 1172 cm.~', whilst the strong band at 1112 cm.~1 in the liquid form 
has moved to 1100 cm,}. The 720 cm.-+ band assigned to a methylene rocking mode 
remains strong and single (cf. the a-form of l-monoglycerides). A number of weak bands 
between 1100 and 720 cm.-! were observed; these vary in intensity from sample to sample 
and are considered to arise from the presence of small amounts of the higher polymorphic 
form 

It is to be noted that Brown and Sheppard !° found that alkyl halides and lower alcohols, 
when cooled to their freezing point, gave glasses recognised by their high transmission and 
by the considerable similarity of their infrared spectra to that of the liquid. Since, with 
tripalmitin, bands shift position and new bands occur it is logical to deduce that this form 
is not glassy or vitreous, but that it is more probably an a-form. (Further attempts were 
made to investigate the “ vitreous "’ form by plunging melts of tristearin or tripalmitin, 
enclosed between thin rock-salt plates, into liquid air, A polarising microscope showed the 
presence of tiny erystals. The infrared spectrum obtained was similar to that designated 
as the «form, Fig. 2.) However, whether this form is in fact vitreous or not, the infrared 
pectrum associated with the form having m. p. 45° provides a new criterion for identi- 
fication of this polymorphic form. 

When this form was heated at 45°, rapid transition to the stable $-form was observed 
(cf. Crowe and Smyth °). (The new spectrum was similar to that obtained by dispersing 
the known crystalline %torm in Nujol and the transformed material also melted at the 
m. p. of the @-form.) 

When the liquid triglyceride was cooled slowly and kept above the melting point of 
the lowest-melting form (45°) for some time (depending on the chain length) a change 
occurred in the spectrum thus showing the presence of a different polymorphic form 
rhis spectrurn is designated @’ in Fig. 2 to agree with the nomenclature proposed by Lutton 7 
(although it is questionable whether this nomenclature is the best, in view of a different 
form also designated @’ by Malkin), This spectrum is similar to that of the a-spectrum but 
with a number of important differences, notably in the 720 cm.-! region. Whereas a single 
band occurs at 720 cm.-! in the spectrum of the a-form, there are two components at 725 
em. ' and 718 cm.' in the @’-spectrum. From this it seems reasonable to deduce that a 
change of site symmetry of the glyceride molecules in the crystal has taken place. Stein 
and Sutherland '! showed that a doublet in this region occurs in n-paraffin and Polythene 
only when these molecules are in a certain crystalline state. Further, the infrared spectra 
obtained with other molecules changing from an a-form with hexaganol spacings to a more 
table modification of different crystalline form shows precisely this change in the methylene 
rocking band near 720 cm.'. Thus in the spectra of hydrocarbons,'* ethyl esters,'* long- 
chain aleohols,4 and 1-monoglycerides ™ a single band at 720 cm. is observed when 
these molecules are in the «form, Below the transition temperature, in the more stable 
modification, t.¢., the 8-form for hydrocarbons, ethyl esters, and long-chain alcohols, and 
the sub-alpha-form for the l-monoglycerides, two components of this band are observed. 
It is tempting, therefore, to stretch the analogy to the simple triglycerides, and conclude 
that this 1s additional evidence to support the view that this form (m, p. 56-0°) is not the 
» form suggested by Malkin. The melting points of this form in the homologous series do 
not alternate, however, and this form might be expected to possess vertical rather than tilted 
chains.' Nevertheless, the overall evidence is in favour of Lutton’s view rather than 
Malkin Other changes which occur in the $-spectrum are that an additional band 
appears at 1386 em.-!, the splitting of the bands at 1103 and 1095 cm.? is now increased 
and a number of sharp bands appear in the range between 1060 and 778 cm.-! which may 
be due to methylene rocking mode vibrations. 

When the 6’-form was heated to 56° and the spectrum was scanned rapidly as the 
temperature increased, the material was seen to melt and then change rapidly at this 
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temperature into a form possessing a spectrum corresponding to that of the stable 8-form. 
Further heating to the m. p. of the $-form (65-7°) and scanning provided no evidence for 
an intermediate form with melting point between 56-0° and 65-7°. Since the supposed 
intermediate form (cf. Malkin 4) in even-acid members is said to be fleeting the above 
observation does not necessarily preclude its existence. The stable §-spectrum is 


shown in Fig. 2. It is different from the #’-spectrum in a number of ways. The 1374 
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cm. ' band in the latter is now reduced in intensity relative to the 1385 cm.~! and there 
is a change in the relative intensities of the bands (cf. the spectra of the different crystal 
forms of fatty acids in this region 15) attributed to methylene wagging modes. The 
1266 cm.-! band is now stronger in intensity than the 1245 cm.~! band, and the 1218 cm. 
band is reduced in intensity relative to the latter. A new band occurs at 1157 cm.-! on 
the side of the 1175 cm.~? band, and the band at 1100 cm." in the @’-spectrum is now split 
into three components, at 1110, 1099, and 1088 cm.-!. A new band of medium intensity 
occurs at 890 cm.*. Only one band now occurs at a frequency of 717 em.-! (ef. the 6- 
spectrum of 1-monoglycerides ), This implies that the site symmetries of the 6’- and the 


'* Sydow, Acta Chem. Scand., 1955, 9, 1119. 
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é-form are also different. The carbonyl frequencies are the same in both the #’- and the 
f-lorm. 

Tristearin and Tvilawrin.—Tristearin gave results similar to those obtained with 
tripalmitin (Fig. 3). In this case the a-form changed at 54-5” into the 6-form. A part of 
the spectrum rapidly scanned at different temperatures is shown in Fig. 4, whereon the 
transition from 6’- to ¢-form with the fleeting intermediate liquid transition at 65° (the 
#’-melting point) is apparent. With trilaurin, however, the spectrum of the a-form could 
not be obtained in the normal manner since the melting point (15°) was below the temper- 
ature inside the spectrometer, but the spectra of the (¢’-form (m. p. 35°) and the (-form 
(m. p. 46°4°) were obtained. The spectra of the stable 6-forms of the triglycerides examined 
are shown in Fig. 5. 

The present investigation has shown that infrared spectra can provide an important 
new means for the identification of the different polymorphic forms of glycerides. It has 
the following advantages: (a) Only thin samples are needed for an adequate absorption 
spectrum. ‘This is important since the low thermal conductivity of glycerides makes it 
difficult to obtain homogeneous metastable forms except in thin layers. (6) Rapid scanning 
of the spectrum and graphical recording enable spectra to be obtained whilst heating or 
cooling the sample. This enables direct observation to be made of transformations whilst 
they are occurring. 

The technique is being extended to a study of the polymorphism of unsaturated 
glycerides 


The author thanks Mr, M, Dallas and Dr, S. Paul of these laboratories for supplying the 
samples of pure glycerides. 
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488. I'he Kinetics and Mechanisms of Some Colour Reactions of Aromatic 


Nitro-compounds at Low Temperatures. Part I1.* 2:4: 6-Trinitro- 


anisole, 


By J. B. Ainscoucu and E. F. CALpin. 


When sodium ethoxide is added to 2: 4: 6-trinitroanisole in dilute (ca. 
10 *m) solution in ethanol at room temperature, a yellow colour is at once 
produced, At lower temperatures, the rate of the process can be measured, 
and it is found that there are two colour-producing reactions: (i) a “ fast” 
reaction, whose product is probably a charge-transfer complex, and (ii) a 
‘‘ slow *' reaction, which probably produces an addition compound in which 
OEFt is covalently bound to the benzene nucleus. Rate constants have been 
measured over a range of temperatures, and energies of activation and fre 
quency factors calculated. Both the products are decolorised by acids, and 
the rates of decolorisation with various aliphatic acids have been measured. 
It is found that the product of the “ fast "’ reaction is decolorised by the un- 
dissociated acids as well as by hydrogen ions, a Bronsted relation being obeyed ; 
on the other hand, with the product of the “ slow ’’ reaction hydrogen ions 
alone are effective. 


WHEN a dilute solution (~10~°m) of 2 ; 4 : 6-trinitroanisole in ethanol is treated with sodium 
ethoxide, a yellow solution is formed, which is completely decolorised by acids. Both re 
actions are very rapid at room temperature. This behaviour of trinitroanisele is super 
ficially similar to that of pp’p’’-trinitrotriphenylmethane,! of 2 : 4 : 6-trinitrotoluene,* and 
of s-trinitrobenzene.?— The rates of the reactions can be measured at low temperatures, 


* Part I, Proc. Roy. Soc., 1955, A, 228, 263. 


’ Caldin and Trickett, Trans. Faraday Soc., !953, 49, 772 
* Caldin and Long, Part I, Proc. Roy. Soc., 1955, A, 228, 263; see also Parts LII and LV (following 


papers) 
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and have been investigated by the methods already developed.4* The colour changes are 
completely reversible; it is therefore unlikely that nucleophilic replacement of NO, by 
OEt is involved. 

Reactions between 2: 4: 6-Trinitroanisole and Ethoxide Ion.-This reaction would not 
be expected to proceed by a proton-transfer mechanism such as that attributed to trinitro- 
triphenylmethane ' and trinitrotoluene,? since it is unlikely that 2: 4: 6-trinitroanisole 
(T.N.A.) can lose a proton in this way. The reaction must therefore be supposed to proceed 
by an addition mechanism, as proposed for trinitrobenzene.* Two such mechanisms are 
possible. The addition product may be a charge-transfer complex (I) of the type dis 
cussed by Mulliken,’ involving resonance between two structures differing by the transfer 


MeO O€Et 


O,N * 2) NO, 
(T.N,A.,O€t”) ++ (T.N.A.~, OEt) : | 


a7 


(1) NO, (Il) 


of an electron, or it may be an addition compound (II) in which the ethoxy-group is attached 
by a covalent bond to the same carbon atom as the methoxy-group; the negative charge 
will be distributed by resonance, This structure was suggested by Meisenheimer,* who 
isolated as solids the products of reaction of 2 : 4: 6-trinitroanisole with potassium ethoxide 
and of 2:4: 6-trinitrophenetole with potassium methoxide. On decomposing each of 
these specimens with dilute sulphuric acid, he obtained a mixture containing trinitro- 
phenetole, and concluded that both specimens consisted of the potassium salt of the anion 
(Il). Hammick and Foster ® have recently found the infrared spectra of the two products 
to be identical; and Foster reports that the visible spectra are also identical.* The visible 
pectra of the solutions produced by adding ethoxide to trinitroanisole in ethanol, and by 
adding methoxide to trinitrophenetole in methanol, are also identical.? Jackson and Earle,* 
while criticising Meisenheimer’s work in respect of certain points of technique (without 
really invalidating it), obtained somewhat similar evidence by preparing the addition 
product of 2: 4: 6-trinitroanisole and sodium isopentyloxide, decomposing it with dilute 
hydrochloric acid, and from the products isolating both isopentyl picrate and trinitro- 
anisole, as would be expected from a substance of structure similar to (II), Such addition 
products as (II) are fairly generally accepted today as intermediate in both electrophilic 
and nucleophilic aromatic substitution, 

Actually, both of the two possible addition products appear to be formed from trinitro- 
anisole and ethoxide, for the kinetics at different temperatures of the forward reaction 
show that two reactions are occurring. If the rate is measured at, say, 0°, the optical 
density reaches a considerable value almost immediately after mixing, and then increases 
relatively slowly. At a lower temperature the rate of the initial reaction can be measured, 
by choosing suitable temperature ranges, the rates of both the “ fast’’ and the “ slow 
reactions can be determined (see p. 2533). They are both of the first order with respect to 
both reactants, and lead to 1: 1 addition product 

The kineties of the “ fast ’’ reaction at —60° to 80° have been shown to agree with 
the scheme (T,N.A., OEt is some addition product) : 


” 


Ay 
T.N.A. + OEt~ S—— (T.N.A., OEt) , i eo oe 


hy 


Since ethoxide is in large excess, we have two opposed first-order reaction If the optical 
density at time ¢ is D, and at equilibrium D,, then for a given kinetic run a plot of 


* Mulliken, /. Phys, Chem., 1952, 56, 801 

* Meisenheimer, Annalen, 1902, 323, 205 

® Hammick and Foster, be 1954, 2153 

s Foster, Nature, 1955, 1 5, 746. 

’ Foster, personal communication 

* Jackson and Earle, Amer. Chem. J., 1903, 29, 89 
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log (D, — D) against time is linear, and the numerical value of the slope s depends on the 
ethoxide concentration b according to the equation * 2-303s = k_, + bk, We can thus 
determine k, from the slope of a plot of s against 6, and k_, from the intercept. Their 
ratio ky/k_, gives the equilibrium constant K = {(T.N.A., OEt)~}/{T.N.A.)[OEt~} and 
from results at several temperatures we can find the corresponding energies of activation 
and “ frequency factors ’’ for the two “ fast ’’ reactions. 

The results for the “ slow '’ reaction, measured at temperatures from -—-20° to +-10°, can 
be analysed to a scheme similar to (1)—except that the equilibrium lies so far to the right 
that &., and K have not been measured—if we assume for the moment that the slow re- 
action is between trinitroanisole and OEt~, 1.¢., that the ‘‘ fast '’ and the “ slow”’ reaction 
are concurrent. However, the experimental plots of s against 4 are curved (Fig. 4). This 
may be attributed partly to (i) a salt effect, which is observed on adding a neutral salt and 
would no doubt be caused also by sodium ethoxide, and partly to (ii) the fact that initially 
some of the trinitroanisole (of the order of 10°%,) will be present in the form of the addition 
product of the “ fast ’’ reaction, which will always be effectively at equilibrium, and that this 
proportion will decrease with time as the “ slow’’ reaction goes effectively to completion. 
[he two effects are difficult to estimate with enough accuracy to apply corrections to the 
s-) plot; but #, may be determined from the initial slope of the plot, at 6 = 0, where both 
effects are zero. The main rate and equilibrium parameters are summarised in Table 1, 
with the estimated limits of error. 

lhere is also the possibility, however, that the “ slow ’’ and the “ fast ’’ reaction are con- 
ecutive. The reaction scheme would then involve the slow transformation of the addition 
product | of the “ fast "’ reaction into the other addition product 2: 


Fast 
T.N.A. + OEt- [—— Addition product | 


Slow 
Addition product | — Addition product2 ... . . (2) 

The rate constant observed for the “ slow ’’ reaction would then be equal to &,K/(1 4- Kd), 
which would give a curved plot of s against b, though of less than the observed curvature 
he initial slope of the s-b plot would give Kk, as the observed rate constant. The ob 
served energy of activation would then be equal to FE, + SH, and the observed value of 
In A would be equal to In A, + SS°/R. Here K, AH, and AS° refer to the “ fast ’’ reaction 
(1), and ks, Ey, and A, to the slow transformation (2). From the data in Table 1, this 
would give E. 17-5 4-0-8 keal. mole?, and logy As 13-4 + 0-8 (1. mole sec.~"), im 
plying an entropy of activation of about 11 cal. deg! mole. These are not impossible 
values, and on the present evidence it does not seems possible to decide between the alter 
natives of concurrent or consecutive reactions. 


TABLE 1. 
* Fast ’ reaction ** Slow "’ reaction 
—4°8 (calc.) 
13-1 + 0 
10-9 + O- 


lOg yo 4, at — 80° (1. sec. mole™!) 
/., (keal, mole) 

logy A, (lL. mole sec 

i_, (keal, mole) 

1Og po Ag (8€C.7*) oroeesees 

log,, A (1. molew') 

SH (kcal gg eee 
AS” (cal deg ' mole’') 


Large at 0 


/ rinitroanisole-Toluene Complex.—-Since substances such as trinitrobenzene form com- 
plexes with aromatic hydrocarbons,® toluene might form such complexes with trinitro- 
anisole. Since many of the reaction mixtures contained about 1°, of toluene by volume 
(to facilitate solution of trinitroanisole), this possibility was investigated. It was found 
that addition of toluene did affect the kinetics of the “ fast ’’ reaction, but not of the “ slow ”’ 
one. A change of the rate of the “ fast’ reaction was observed also when benzene, or 


* Bier, Thesis, Amsterdam, 1954 
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especially 2-methylnaphthalene, was used instead of toluene; but with eyelohexane no 
effect was observed, The effects of these hydrocarbons on the rate lie in the same order 
as the equilibrium constants of their complexes with trinitrobenzene.’ The kinetics 
agreed with the supposition that a complex is formed between trinitroanisole and toluene, 
that this equilibrium is rapidly set up and always maintained, and that in the “ fast "’ re- 
action ethoxide reacts concurrently with the complex and with free trinitroanisole, at 
different rates, to form the addition product, which is the only species that absorbs visible 
light. The reaction scheme for the “ fast ’’ reaction between trinitroanisole and ethoxide 
thus consists of (1), the complex ion being coloured, accompanied by 


Fast 
T.N.A. +- Toluene po ae (T.N.A., Toluene) 
tf olourtle 48) 
(T.N.A., Toluene) — OFt po ns (T.N.A., OEt)> + Toluene . (4) 


R, coloured) 


By varying the concentration of toluene as well as of ethoxide and trinitroanisole, it was 
possible to evaluate 4, and find a maximum value for 4, and hence for the equilibrium 
constant Ky, (T.N.A., Toluene)/(T.N.A.)(Toluene). The detailed kinetics (see p. 25333 
show that if k, > &, addition of toluene should retard the reaction at one ethoxide con 
cehtration while accelerating it at another; this was experimentally verified, The results 
showed that K, was less than about 21. mole! at —60° and —80°. This implies that 
the proportion of trinitroanisole present as the toluene complex in the usual 1%, toluene 
solvent is not more than about one-fifth. The energy of activation £_, for the reverse of 
reaction (3) was found to be 9-2 +- 0-8 keal, mole”, and the corresponding value of logy, A 4 
was 7-5 -+ 0-7 (1. mole sec.~'), markedly lower than logy) A., 

rhe derivation of the rate constants for the “ fast ’’ reaction takes account of this com 
plex-formation. It does not affect the “slow’’ reaction, whose rate was found to be inde 
pend nt of the toluene concentration in the range used It has not been detected with 
any of the other nitro-compounds studied in this series of papers 

Reactions of Weak Acids with Additon Products of ‘ Fast’’ and “ Slow" Reactions.—The 
reaction occurring when the addition product of the “‘ fast '’ reaction is decolorised by acids 
has been studied at —70° with trimethylacetic, acetic, 8-chloropropionic, and chloroacetic« 
acids, at constant ionic strength and buffer ratio. (It is noteworthy that this reaction is 
slow enough to be measured, while the corresponding reaction of free ethoxide ion with 
acetic acid is effectively instantaneous under comparable conditions, as experiments with 
indicators have shown.) It is possible to derive accurate values for the velocity constant 
ky for the reactions between the unchanged acids and the addition product, which may 
be written 


hy, 
(T.N.A., OFt) HA>—® T.N.A HOFt De di gia 


and also approximate values for the velocity constant k, for the reaction between hydrogen 
ion and addition product, which may be written 


hy 
(T.N.A., ORt)- + EtOH,* ——® T.N.A 2HORt oer . (6) 


Reaction (5) is no doubt subject to a primary salt effect, hence the use of solutions of 
constant ionic strength 
A logarithmic relation of the Brensted type has been found to hold between log, 4, and 
logy, K,, where K, is the dissociation constant of the acid (see Fig. 3). The values of 4, 
and K, both refer to the same solvent (ethanol), but whereas the rates are measured at 
70° the dissociation constants refer to 25°: however, the available data on the variation 
of dissociation constants with temperature suggest that the relative values of logy, A, will 
not be greatly different at —70°. The exponent a in the Breansted equation k, GK, 1s 
given by the slope of the best line through the four points for the carboxylic acids as 0°56 
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The results for the hydrogen ion also agree closely with this relation. The fact that the 
rensted equation is obeyed confirms the expectation that the rate-determining steps in 
reactions (5) and (6) are proton-transfers.!” 

lor the corresponding reaction between acids and the product of the “ slow”’ reaction, 
which could be followed at 4-10°, the rate was found to depend only on the concentration 
of hydrogen ion, the undissociated acids having no effect. The exponent « in the Bronsted 
equation is thus effectively unity. This differs greatly from the value 0-56 for the previous 
reaction, and suggests that the mechanisms of the two reactions are radically different. 
[his ts not surprising if the two coloured species have different structures. 

Nature of the Coloured Addition Products, and Mechanisms of Reaction.-It remains to 
assign one of the two possible structures (1) and (I])—representing respectively an addition 
compound and a charge-transfer complex—to each of the two coloured species whose re- 
actions we have described. Either structure would account for the colour, the high 
extinction coefficients (~10* 1. mole! cm.-!), and the general rate-concentration relations 
for each of the two sets of reactions. 

It seems clear that the product of the “slow ”’ reaction is the addition compound of 
structure (II), since the absorption spectrum of the product at room temperature is identical 
with that of the product of reaction of trinitrophenetole with methoxide. The product of 
the “ fast '’ reaction must then be a charge-transfer complex. 

Keactions in which no covalent bond is joined or broken are uncommon in chemical 
kinetics, and it is hoped to consider in a later paper the interpretation of the energies of 
activation of such reactions, in the light of the results given in this series of papers. It is 
of interest that the energy of activation F, for the “ slow ’’ reaction, in which a covalent 
bond is formed, is decidedly greater than that of the “ fast’’ charge-transfer reaction 
(13-1 and 10-4 keal, mole, respectively); and that the reaction with acids is much slower 
for the addition compound than for the charge-transfer complex, as well as having a 
different Bronsted exponent, 


I. XPERIMENTAL 

Materials,-2.: 4: 6-Trinitroanisole, prepared by Jackson and Earle’s method,’ had m. p. 
67° (lit., 68°), Carboxylic acids were purified by crystallisation, vacuum-distillation, or frac- 
tional freezing; titrations agreed closely with the theoretical values for pure acids (99-6% or 
better), and the f. p,s or b. p.s were as follows ; acetic acid, m. p. 16-5° (lit., 16-6°); chloroacetic 
acid, m. p, 63° (lit., 61-5-—63°); §-chloropropionic acid, m, p, 40—40-5° (lit,, 41°); trimethyl- 
acetic acid, m, p, 35° (lit., 35-3-35-5°). Toluene was prepared by refluxing B,D.H. sulphur-free 
toluene over sodium and distilling it as required. 2-Methylnaphthalene was recrystallised 
three times, distilled in vacuo, and recrystallised to constant m. p., 34-6——34-8° (lit., 34-44”). 
Ethanol was dried by Lund and Bjerrum’s method ;" it was always freshly distilled as required. 
Its water content after manipulation was determined at intervals by Smith’s method ;* it was 
in the region of 0-2% by vol., an amount which would effect only a negligible change in the 
ethoxide-ion concentration.’ 

Stock solutions of trinitroanisole in ethanol or in toluene-ethanol (1: 2 by vol.) could be 
kept satisfactorily, Solutions of sodium ethoxide and of the carboxylic acids were made up in 
ethanol as required, and titrated with standard aqueous sulphuric acid or sodium hydroxide. 

Thermostat and Reaction Cell. These were designed so that the reactions could be followed 
photometrically. They were similar to those described by Caldin and Trickett,! but smaller, 
since lower temperatures were to be used; the optical path in the reaction vessel proper was 
7 cm. The bath liquid was an acetone-ethanol mixture. For temperatures down to --70°, 
solid carbon dioxide in a glass cooling-tower was used as refrigerant. Below this temperature, 
liquid nitrogen was used; it was contained in a double-walled cylindrical brass vessel with a 
gap of 2 mm. between the walls; the rate of cooling could be controlled by altering the pressure 
in the annular space. The level of the liquid nitrogen was automatically kept constant by a 
manometric device operating a relay which caused liquid nitrogen to be pumped from a storage 
vessel. The temperature of the bath was measured by a 5-junction thermocouple, calibrated at 


** Bell, ‘' Acid-Base Catalysis,’’ Oxford Univ, Press, 1941, Chap. 7 
'! Lund and Bjerrum, Ser., 1931, 64, 210. 

" Smith, /., 1927, 1284 

'* Egerton and Ubbelohde, Trans. Faraday Soc., 1930, 26, 236. 
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the f. p.s of mercury, chlorobenzene (—45-21°), chloroform (—63-50°), and carbon disulphide 
(—111-52°), and at the sublimation point of carbon dioxide ( ~78-40°); no changes were observed 
on recalibration at intervals over two years. The temperature inside the reaction cell was 
found, by experiments with a bare thermocouple, to be slightly higher than that of the bath 
liquid, and a correction was applied to the measured temperature, amounting to 0-12° at — 100 
and 0-85° at — 115°, the lowest temperature used. The uncertainty in the temperature is 
about + 0-1". 

Photoelectric Photometer.—-This was similar to that used by Caldin and Long ;* the uncer 
tainty in the measured optical density is about + 1% if the optical density is above 0-1. An 
Ilford gelatine filter 623 has been used throughout; it transmits in the region 470—520 my, 
and all the stable coloured species have absorption maxima in the region of 500 my, Absorp- 
tion spectra of solutions were determined by means of a Unicam S.P. 500 spectrophotometer, 
Unfortunately, this could only be used at room temperature, so that it was not possible to 
measure the absorption spectrum of the product of the “‘ fast’’ reaction. The results are shown 
in Fig.1. 

Experimental Procedures.—These were in general similar to those described by Caldin and 
Long.* The only modification occurred in preparing solutions of the coloured species for reaction 
with acids. The nature of the coloured species depends on the temperature, and therefore an 
ethanol solution of sodium ethoxide was first brought nearly to the required temperature in 
the reaction cell, and the trinitroanisole solution then adced to it. The buffer ratio and ionic 
strength were adjusted by adding appropriate solutions by means of calibrated graduated 
pipettes. The acid solution was kept separate in the siphon tube of the apparatus and added 
when all was ready for the run. 

Methods of determining Rate Constants.-The determination of rate constants from the experi 
mental first-order plots of log,, (D, — D) against time has been described by Caldin and Long * 
for the simple case where no corrections need be applied for salt effects or for the small amount 
(usually 1% by vol.) of toluene in the solvent. We adopt the same symbols as those authors 

It was convenient to use concentrations of trinitroanisole (d) of the order of 10°m, and of 
ethoxide (b) in the region 0-01—0-IM, so that ethoxide was always in large excess, Similarly, 
in the reactions with weak acids, the acid was in large excess. Straight lines were always 
obtained on plotting log (D, ~ D) against time ¢, or on using the Guggenheim method ™ for 
first-order reactions. 

(i) Rate constants for the reactions between ethoxide ion and trinitroanisole, (a) ‘‘ Past’’ reaction 
in absence of toluene. At —60° and below, the rate of this reaction is convenient for measure 
ment, and the rate of the ‘‘ slow "’ reaction is negligible. When the solvent is pure ethanol, the 
numerical values s of the slopes of the first-order plots at a given temperature are related linearly 
to the ethoxide concentrations b in the runs. From a plot of s against b we can find k, and , 
for reaction (1) by using an equation similar to that used by Caldin and Long, viz., 


2-308s = d{log,, (0, — D))/d7 h_, + hyb , + = ae 


Che slope of the plot of s against b gives k, and the intercept 4_,; their ratio h,/k , is equal to 
the conventional equilibrium constant K, ‘The fact that the s-b plot is linear indicates that 
the product of reaction is a 1: 1 addition product.” 

(b) ‘‘ Fast’ reaction in presence of toluene. The observations agree with the assumptions 
that a 1: 1 complex is formed between trinitroanisole and toluene, that its formation and dis- 
sociation are so rapid that it is always at its equilibrium concentration, and that ethoxide re- 
acts concurrently with this complex and with trinitroanisole, at different rates, to form the 
trinitroanisole-ethoxide addition complex, which is the only absorbing species (cf, equations 
1, 3, and 4). Let the equilibrium constant for the trinitroanisole-toluene complex-formation 
(reaction 3) be K,, the concentration at time ¢ of this complex be y, that of the ethoxide complex 
v, and the toluene concentration z. On writing dx/dt from equations (1), (3), and (4), and sub 
stituting D = xel, we find that the plot of log,, (D, -- D) against time will be linear, and the 
numerical value of the slope s will be given by 


2-303s = (hy + thy) + D(ky + Kyth)/(L + Kyt) © - © © © (8) 


If a series of runs is carried out at constant toluene concentration z but varying base 
concentration b, the plot of s against b should be linear, with slope numerically equal to 
' Guggenheim, Phil. Mag., 1926, 2, 538 
'® Foster, Hammick, and Wardley, /., 1953, 3817 
ip 
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43438(k, + Kyzhy)/(1 + K,2) and intercept 0-4343(k_, + 2k). From the values of the slope 
and intercept at several values of z we can find k,, k,, and K,. Differentiating with respect 
to z, we obtain 


2-308 ds/ds = hy + DK glhy ~ ky)/(L + Ky)? 2 ee eee 


If, > hy, the second term may be greater or Jess than the first according to the value of b; 
at low base concentration, increase of z will accelerate the reaction, while at higher base con- 
centration it will retard it. This has been observed (Fig. 2). 

(c) ‘'Slow”’ reaction. Here the rate has been found to be independent of the toluene con- 
centration up to 6% by vol., and since all runs were done at a concentration of 1% the rates 
may be taken to refer to pure ethanol. There is, however, a correction to be applied because 
of the equilibrium referred to under (i) (a) (p. 2633). The slope of the first-order plot will be lower 
than would be expected if there were no " fast’’ reaction, by a factor 1/(1 4+ Ab). Plots of s 
against b should therefore be curved, and this is observed. The effect could be allowed for if 
we had an accurate value of K; unfortunately, we have only values extrapolated from the 
results at much lower temperatures, and the correction cannot be made accurately. The 


1G. 1. Absorption spectra of the coloured solutions Fic, 2. Plots of the slope s of first-order 
produced by adding sodium ethoxide to (A) 2; 4: 6- hinetic plots against ethoxide concentration 
trinitroanisole, (18) 2:4: 6-trinitrobensene, (C) b, for the " fast” veaction between ethoxide 
2:4: 6-trinitrotoluenc, in ethanol at room temper and trinitroanisole at — 80°. 
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correction, however, although in the right direction, is not enough to account entirely for the 
deviations of the s—b plots from linearity. 

There is also an appreciable salt effect. No weak electrolytes are involved, so we need 
only consider a primary salt effect. As the back reaction is negligible in this particular re- 
action, the rate constant at constant ethoxide concentration is proportional to s. The re 
lation between s and the ionic strength « should therefore obey the general equation “ 


logs = logs, + a'nsgVpt+a%% ». - »« « « es (10) 


Here z, and z, are the charges on the reactants, y is the ionic strength, and a’, «’’ are constants. 
In the present reaction, one of the reactants is uncharged, so that z,z, = 0 and the equation 
becomes 


Me ie ee) 2 etc ow as eee 


Experiments on the effect of adding lithium iodide, all other concentrations being kept constant, 
gave results agreeing with this equation, with a’ ~5 (u in moles/I.). The sign and order of 
magnitude of the effect agree with those required to account for the remaining deviations of 
the s-b plots from linearity. Unfortunately, the constant «” commonly depends on the salt 


'* Bell, op. ctt., ref. 10, Chap. 2 
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added, so we cannot correct for the salt effect by simply using equation (11) with a” « 5. 
Nor would it be satisfactory to add a neutral salt to keep the ionic strength constant in a series 
of runs in which the ethoxide concentration varies, since «’’ would then vary with the ratio of 
ethoxide to lithium iodide. In these circumstances it was decided to fit equations to the curved 
plots and deduce the slopes at zero ethoxide concentration, both corrections then being zero 
These slopes give k, directly. 

(ii) Rate constants for the reactions between acids and trinitroanisole-ethoxide addition products 
When an acid, such as acetic acid, is added to a solution of the coloured addition product of 
the reaction between trinitroanisole and ethoxide, the rate of reaction may in the general case 
contain four terms, corresponding to (i) unimolecular decomposition (equation 1); (ii) reaction 
with toluene (eqn. 4); (iii) reaction with undissociated acid HA (eqn. 5); and reaction with 
hydrogen ions (eqn. 6). The kinetics will be of first order with respect to trinitroanisole, and 
the slope s” of a first-order plot of log,, D against time will be given in this general case by 


2-308s" = kh, + shg+h{HA]+4{H*] ..... . (18) 


where [H'| stands for the concentration of hydrogen ions, which are no doubt solvated, ¢.g., 
EtOH,’. The first two terms can be found from experiments on the reaction (1). To find &, 
and ky, rates are measured in solutions of constant buffer ratio, in which [H*] is constant 
A plot of s” against [HA] then gives k, from its slope. [rom its intercept and a knowledge of 
the first two terms, we can find &,fH"*}, so that if we know [H’| we can find k, also 


RESULTS 

(a) ‘'‘ Fast’’ Reaction between Ethoxide Ion and Trinitroanisole (— 60° to— 80°).—This was 
investigated at low temperatures, such that the extent of the ‘slow’ reaction was always 
negligible. 

Order of reaction. ‘The reaction is shown to be of first order with respect to ethoxide ion 
by the linear plots of s against ethoxide concentration. The order with respect to trinitro 
anisole was found by measuring initial rates at four initial concentrations d, at constant toluene 
concentration, and nearly constant concentrations b of ethoxide, Table 2, in which concentra 
tions are given in moles/l., shows that (dD/dé)/bd is nearly constant for these runs, so that the 
rate is of the first order with respect to trinitroanisole. The last three runs recorded in this 
Table show that the rate depends also on the toluene concentration 


TABLE 2. 
lemp Lotd Toluene 1o*(dD/dT) (sec! lo*(dD/dT) /bd 
RO° 0-968 2: 0-965 6-59 2-30 
101 , 0-965 6-72 2-15 
1-31 0-965 8-77 2-26 
2-765 ‘ 0-966 19-65 2-31 
0-56 2. 0-193 2-01 1-47 
110 . 0-386 5-77 214 
1-38 : 0-772 846 2-49 


Kates in pure ethanol and im presence of toluene, at — 60° and —80°. First-order plots cover 
ing at least half the reaction were obtained by using Guggenheim’s method, at — 60° and ~~ 80°, 
three different toluene concentrations and a range of ethoxide concentrations being used at 
each temperature. The results are given in Table 3, which shows the slopes s of the observed 
first-order plots, and also the slopes of the plots of s against b. The experimenta! uncertainties 
attached to the values of s, etc., are estimated limits of error. Corrections for the change in 
concentration of the solutions by contraction on cooling have been applied throughout. The 
plots of s against b for — 80° are shown in Fig. 2. 

The runs at zero toluene concentration give hk, and 4_, directly on use of equation (6), The 
ratio k,/k_, gives K. The values are given in Table 4. The accuracy with which they fit the 
data may be seen by comparing the values of s calculated from them with the observed values 
(see Table 3). 

The energies of activation and frequency factors calculated from the results at these two 
temperatures are : 

E, = 10-4 4+ 0-3 keal. mole™ logy, A, = 10-7 + 0-3 (1, sec? mole) 
E_, = 13-7 + 0-3 keal, mole" 10g 9 A_, = 12-3 + 0-3 (sec,) 
E_, =~ %2 + 0-8 kcal. mole" log yp A.g @ 75 + 0-7 (1 sec. mole) 
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The heat-content change and standard-entropy change for the fast addition reaction between 
trinitroanisole and ethoxide are therefore : 


AH ~3-3 4+ 0-6 kcal. mole™ AS® = —76 + 3 cal. deg. mole 


Separate measurements of the equilibrium constant in this reaction were not made because 
the simultaneous occurrence of the ‘' slow ’’ reaction would lead to uncertainty in the measure 


ment of equilibrium densities, 
Rates in presence of hydrocarbons other than toluene. The results are shown in Table 5. The 


temperature was — 60°, 


TaBLe 3. ‘ Fast’ reaction in ethanol and ethanol-toluene. 


10%d 10*b {Toluene} 10°s, obs 10*s, calc, Slope of s-b plot Intercept of 
emp. (mole/l.) (mole/l.) (mole/lI.) (sec.~*) (sec,-') (1. mole! sec.-') 5-6 plot (sec.~') 
60-0 141 4°33 106 + 03 10-6 (4-48 + 0-16)10~ (8-50 + 0-20)10-° 
07 8-66 129 +03 12-4 
45 210 i73 +03 17-8 
46 31-7 + 0-8 31-8 
69 $40 rt 105 +03 10-4 ft 0°15)10~ (9-00 + 0-30) L0™* 
6u ‘ 11d + O83 11s 
‘69 . (lor? 128 +. 03 13°1 
69 >, 160 4+ 03 16-0 
69 190 + 0-4 18-9 

124 403 12-3 } 0-27) 10 (11-65 4 0-25) 10-8 
136 + 0-4 13-6 
149 + 02 14-0 
16-1 + 0-4 15-6 
1-09 + 0-03 1-06 3-54 4+ 0-08)10°? (2-99 4. 0-15) 10 
2-02 +. 0-05 2-10 
2-22 + 0-06 2-19 
0-64 » LO 0-72 +. 0-02 0-71 + O-13)10°* (3°25 4+ 0-07)10-¢ 
0-64 » 10 lll + 0-03 1-10 
064 » 10 1-26 + 0-04 1-29 
064 « Ir 1-65 +. 0-04 1-64 
640 » 1 1-03 4+ 0-03 Oh 2: + 0-05) 10°" (6-35 + 0-25)1l0-* 
640 © 10 1-12 +- 0-03 1-14 
640 * 10 1-65 4+. 0-04 1-65 
640 * 10 2-22 + 0-05 2-21 
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— 
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rapie 4. Rate constants for "’ fast’’ reaction 
LOR, 10*k_, K hy 10*k_, Ky 
' mole’) (sec.~! (1. mole) (1. sec.“ mole’) (1. sec. mole! 1. mole™ 
103 4 4 196 - 6244 <0°78 11-5 + 17 <1-6 
B15 + 0-2 6-9 + 0- 118 + 8 <0-09 121 + O-l4 <19 


TABLE 5. Effect of various hydrocarbons on“ fast’ reaction. 
10%d 1o*h 10*s Hydrocarbon) 10*d 10% 
(mole/l.) (mole /l (sec,”') (mole/l.) (mole/l.) (mole/l.) 
Benzene 
26 721 1-21 4. 0-03 6-79 *« lO” , 7-21 1-10 +. 0-03 
26 7-21 1-18 + 0-03 10-2 x lo" ‘ 7-21 0-97 + 0-02 
2-Methylnaphthalene 
29 , 1-18 + 0-03 651 x lo ! 601 1-09 + 0-02 
20 , 1-14 + 0-03 273 x Ww 2 6-01 0-98 + 0-02 
cycloHexane 
6-88 . 0-87 +. 0-02 6-66 » lo . 2-07 0-88 + 0-02 
6-88 2-07 0-85 + 0-02 


b) Reaction between Acids and the Product of the ‘ Fast’’ Reaction (—70°).—Kinetic runs 
were carried out with a series of carboxylic acids at — 70°, at constant ionic strength and buffer 
ratio, Linear first-order plots were obtained, The results are shown in Table 6. Here b 
initial ethoxide concentration, ¢ = concentration of acid added, (c -- b) = acid concentration 
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im the resulting solution, r = (¢ — b)/b = buffer ratio of the resulting solution, h ~ concentra 
tion of lithium iodide (added to adjust the ionic strength), ionic strength, and s” ~~ slope 
of first-order plot 


TABLE 6. Reaction between weak acids and product of “ fast’’ reaction at 70°. 


1c 104) 10%h 10% 10s", obs. 1085", cak 
Acid (mole/l.) (mole/l.)  (mole/l (mole/l1.) (sec.~!) (sec,~*) 
rimethylacetic .., 3-28 . 3: 5-00 23 +. 0-06 2-23 
518 2: 2: , 5-00 + 0-06 2-50 
5-00 + O05 2-65 
5-00 + 0-06 2-89 


500 2-50 + 0-06 2-50 
5-00 315 + 0-09 
5-00 3-72 + 0-09 
526 ‘ll = 0-08 


to rons t 


Acetic 


5-00 3 + 0-08 
‘OO 5-00 3 + O10 
WW 5-00 , bt O10 
OO 5-00 5 + OLS 


ow 5-00 te 
‘OO 6-00 Os 
1-00 5-00 3 + 0-4 
1-0w 500 + O86 
10 5-43 310 4+ O8 
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From these data, linear plots of s’’ against the acid concentration (HA) (¢ b) were 
obtained. The agreement of the best lines with the observed points is shown by the last two 
columns of Table 6. Values of k, were found directly from the slopes of these plots. The 
intercept (cf. equation 12) gives k_, 4+- zk, + A,{H The first two terms in this expression 
are known from the results on the forward reaction (above) to amount to 10°%(4-26 + 0-16) 
sec.'. The third term 4,[H’} may thus be found from the intercept. To find ky, we need to 
know |H’ The dissociation constants K, of the acids in ethanol have not been measured at 
low temperatures, but reliable measurements have been made for acetic and chloroacetic acids 
at 25°," and in the absence of better data these have been used as approximations. Values 
of [H*} have then been calculated by using activity coefficients calculated from the Debye 
Hiickel equation with the appropriate values of the dielectric constants.“ For the other two 
acids, we have assumed that the change in pX on passing from water to ethanol is the same as 
for acetic and monochloroacetic acids, which show nearly the same change in pK. The result 
ing values of k, can only be very approximate. The results for k, and A’, are given in Table 7 


[TABLE 7. Rate constants for reaction of acids with product of fast reaction, at — 70 
hy 10k, Kg at 26 
Acid (). mole’ sec ~ mole sec ~! (mole |,-') 
ee ee 0-54 + O04 21 = Io 
Acetic . hens oops ue 100 — O04 37 « lo 
p O-O8 28 + O- Ph4 & lo 


8-Chloropropionic ...... faspezdubes 1-97 
30 0x «lo 


Chloroaceti« ; b shavblibpaces tte 05 +04 


The Bronsted plot of log,, k, at —70° against log,, 4, (at 25°) for the four acids is shown in 
Fig. 3. The best straight line through the points is represented by the equation log,, kg = 5-73 
+ 0-56 log,, K,. The value of k, also agrees with this line. If we take the pX of ethanol in 
ethanol ” as 19-14, and its concentration as 17 mole/|., the predicted rate constant for hydrogen 
ion is 2-6 x 101. mole sec.!, which agrees closely with the values given in Table 7. In view 
of the extrapolation, the change of charge type, and the use of dissociation constants at 25°, 
the agreement is striking, and no doubt partly fortuitous. For the solvent considered as an 
uncharged acid, the predicted rate is about 10° |. mole™ sec.', which is less by a factor of about 
400 than the observed values, This implies that in the absence of added acid the only effective 
decolorisation reaction is the unimolecular break-up of addition product, i.¢., the reverse of 


reaction (1) 


‘? Minnick and Kilpatrick, J. Phys. Chem., 1939, 43, 259 
‘* Smyth and Stoops, /. Amer Chem. Soc., 1929, 61, 3312 
'* Goldschmidt, Z. phys. Chem., 1916, 91, 46 

* Danner, /. Amer. Chem. Soc., 1922, 44, 2432 
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(c) ‘' Slow’ Reaction between Ethoxide Ion and Trinitroanisole (-+-10° to ~20°).—Order of 
veaction. As with the “ fast’’ reaction, first-order dependence on the concentration of ethoxide 
ion b is shown by linear plots of s against b. The order with respect to trinitroanisole was also 
found to be unity, by the method of initial rates. The results are shown in Table 8, which 
shows that (dD /dt)/bd is constant, As will be seen, it was necessary to keep the ionic strength 
constant; in these runs it was 7-23 x 10%m. The toluene concentration was 0-096m, and the 
temperature — 30°, 

TABLE 8. 
1U%d 10*b 10*(dD/dT) 10'd 10*b 10*(dD/dT) 
mole/l.) (mole/1.) (sec.~*) Lo*(dD/dT)/bd  (mole/l.) (mole/l.) (sec.~*) 10-* (dD /dT) /bd 
4-05 7°23 2-60 7°27 9-90 7:23 4-95 6-96 
7/43 7:23 3-04 7/34 12-4 7-23 6-58 7-34 


iiffect of toluene concentration, This was found to be within experimental error up to a 
concentration of 0-5m (6% by vol.) 


bic, 3. Plot of logy, kh, at —70° against Vic, 4, Plots of s against ethoxide concen, b 
106 yo Kq at 25° for the reaction between jor the " slow"’ veaction between ethoxide 
carLoxylic acids and the product of the and trinitroanisole, (A) at 10°, (B) at 

fast”’ veaction between ethoxide and 20° 
trinitroanisole Jf 


10 Pa J 
/ 


10" 
(The initial slopes are also shown. Limits 
109,,%, of error are indicated by the lengths of 
the lines.) 
istimated limits of error are indicated 
by the lengths of the lines.) 


Salt effect. The reaction shows a marked negative salt effect. A series of runs at 0° with 
added lithium iodide up to about 0-006m, at constant ethoxide concentration (0-0068M), gave 
results represented approximately by the equation log), 5 = logy, $4 — 5p. 

Runs at varying concentrations of ethoxide. Series of runs with varying concentrations of 
ethoxide, without added salt, were done at 410°, 0°, —10°, and —20°. The results are given 
in Table 9 The plots of s against b at a given temperature were all curved (Fig. 4). The 


PapLe 9. “ Slow "’ reaction 


Limiting Limitin 
slope of slope o 
s-b plot s-b plot 
lo*d = Lb 10*s (1. mole! 10*d = AD L0*s (1. mole! 
remp (mole/I.) (sec,"*) sec.) Temp (mole /l.) (sec,~') sec.~') 
100° O24 175 477 + 0-08 2-76 10-0° 43 430 1-4 + 0-038 O47, 
u-24 350 O30 + O14 9-45 8-6O , + 0-06 
0-24 25 Ide OS 943 12-09 b 0-08 
9-24 TOO 185 b Od 943 21-5 7: t O-ll 
9-24 875 23-2 - 7 943 Bl + 0-16 
9-34 103 0-836 +. 0-013 23 953 100 35 +. 0-03 
o34 265 322 + 0-06 953 150 202 + 0-05 
4 530 G16 4 O10 053 20-0 2: 0-04 
034 lod 11-6 0-2 053 25-1 
034 169 154 t OB 953 35-1 
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curvature is ascribed to a combination of the salt effect and tie effect of the equilibrium set up 
by the “ fast’ reaction, as mentioned or p. 2533. For reasons there given, it was decided to fit 
equations to the curves and deduce their limiting slopes at zero ethoxide concentration, This 
was made easier by the fact that the curves must pass very close to the origin, since separate 
experiments in which equilibrium was attained showed that K is very large (> 15,000), so that 
k_, and hence the intercept will be very small. The “ best ’’ values of the limiting slopes were 
calculated by fitting equations of the type x = ay -+ by* + cy’ to the plots by a least-squares 
method. These values are given in Table 9, and for two temperatures they are shown in Fig. 4 
The values of 4, derived from the limiting slopes are given in Table 10. It is diffieult to assign 
uncertainties to these values; they are probably in the region of 2—3%,. 


TABLE 10. Rate constants for“ slow "’ reaction. 
Temp + 10 10-0" — 20-0° 
k, (1. mole sec") g 2:8: 1-09 0-41 
h,, calc. (1. mole sec.~') 4 2. 1-10 0-41 


The Arrhenius plot derived from these data gives 
E, = 13-1 + 0-2 keal, mole logy) A, 10-9 + 0-2 (L. mole! sec,~*) 


These values of E and A give the values of #,, calc., shown in Table 10 

(d) Reaction between Acids and the Product of the’ Slow’’ Reaction (-4-10°),—-This reaction was 
investigated at -+-10°, acetic and monochloroacetic acids being used, The ionic strength was 
kept constant by adding lithium iodide, since there was found to be a marked positive salt 
effect. It is known from the results given in the preceding section (c) that there is no ap 
preciable reaction in absence of added acid. With each acid, a series of runs at constant buffer 
ratio y gave constant values of s”, indicating that the rate depended on [H"'} only and not on 
[HA]: i.¢., 2303s” == k,f{H*]. The results are given in Table 11. Some runs with acetic 
acid and different buffer ratios, summarised in Table 12, confirmed the result; the last two 
columns show the observed value of s’ and that calculated on the assumption that the rate is 
proportional to [H*]. This corresponds to a Bronsted exponent of unity 

An approximate value for k, may be calculated from the results in Table 11, by the method 
used in section (b) above. From the runs with acetic acid, we find k,~8 x 10° 1, mole™ 
sec.', and from the runs with chloroacetic acid, 4 ~ 10° 1, mole sec... The agreement is 
satisfactory in view of the approximations involved, especially in using values of K, at 25°, 


TABLE 11. Reaction between weak acids and product of “ slow "’ reaction at 4-10". 
Ionic strength = 0-006m. Initial acid concen ¢. Initial ethoxide concen b. Buffer ratio 
mm 7 om (¢ b) /b 
10%¢ 10°) 10%s”’ 10% 10%) 10's" 
Acid (mole I.~*) r (sec,~*) Acid (mole 1.~*) (sec.~*) 
CH,CO,H... 827 O75 100 1334003 CH,ChCO,H 333 1-67 104 4 O-4 
13-5 1-22 10-0 1:43 + 0-03 4-66 2-33 988 4+ O02 
239 217 100 1414+ 0 769 8 8=63-89 986 + 0-2 
26-9 2-44 100 1 078 489 094 +4 O-2 
47:8 4°34 100 |e 
TABLE 12. Effect of buffer ratio 
lemperature =~ 410°. Ionic strength 0-00lm. Acetate buffers 
ea 611 6-56 915 151 
” : fobs 0-75 + 0-006 0-96 + 0-02 1:33 4- 0-04 2-45 4+ 0-06 
Ls” (0C."*) 4 calc 6-715 0-06 1-33 219 


The results imply that undissociated acetic and chloroacetic acids react much more slowly 
with the product of the “‘ slow "’ reaction than with that of the “ fast.'’ Th same is true of 
hydrogen ion; the rates of the two reactions are of the same order at +1 and —70° re 
spectively. 

We thank the Department of Scientific and Industrial Research for a maintenance grant 
(to J. B. A.) during the tenure of which the work described in this and the two following papers 
was carried out z 
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489. The Kinetics and Mechanisms of Some Colour Reactions of Aromatic 
Nitro-compounds at Low Temperatures. Part II1.*  8-Trinitro- 
henzene, 

By J. B. Atnscouen and E. F. Carpin. 


s-Trinitrobenzene (T.N.B.) when treated with sodium ethoxide in dilute 
ethanol solution gives a reddish-brown solution. When treated with an 
acid such as acetic acid (HA), this solution is completely decolorised : 


HA 
T.N.B, + OEt- = Coloured product ——* T.N.B. 


The first reaction has been studied between —70° and — 100°; the rate con- 
stants and Arrhenius parameters for the forward and the back reaction 
have been determined, and hence the equilibrium constant. The rate of 
decolorisation has been studied at — 80° with a series of acids; the results 
obey the Bronsted relation. The rate with acetic acid has been measured 
between —60° and --80°, and the Arrhenius parameters for the reaction 
with acetic acid and with hydrogen ion have been determined. The nature 
of the coloured product is discussed; it is considered to be an addition 
product, probably a charge-transfer complex. 


[ue reactions have been investigated by methods similar to those of the preceding paper. 
some preliminary results were given in Part I. 

The Reaction between s-Trinitrobenzene and Ethoxide lon.-This reaction must proceed 
by some kind of addition mechanism; a proton-transfer mechanism is ruled out both on 
general grounds and by the experimental demonstration that trinitrobenzene does not 
exchange with OD~ in D,O at room temperature.? A red, solid, crystallisable addition 
product has been reported.4 The reaction may be represented by equation (1) (cf. eqn. I, 
preceding paper), The reaction, the rate of which can be conveniently measured in the 

hy 
i.N.B. + OEFt <<" TUB. COCO For? .* @ 

range 70° to —100°, is of first order with respect to each reactant. Since ethoxide is in 
large excess, each kinetic run gives a linear plot of log (D, — D) against time, D, and D 
heing optical densities at equilibrium and at time ¢, respectively. The slope of this plot is 
linearly related to the ethoxide concentration; this shows that a |: l-complex is formed, 
and allows k, and k_, to be determined, The reaction is the fastest studied in this series 
of papers. It is faster by a factor of the order of 10 than the nucleophilic displacement 
of NO, by OEt~, which has been measured at 25° by Holleman and van Haeften.* It 
does not show a salt effect, nor is its rate affected by small additions of hydrocarbons such 
as toluene (up to 5%), unlike the corresponding reaction of 2: 4: 6-trinitroanisole (pre 
ceding paper). The equilibrium constant is large and the values for it are therefore not 
very accurate, The results, given in detail later, may be summarised as in Table 1. 


TABLE I. 


logy, A, at —80° (1, mole™ sec 0-04 1OB yy A_, (sec 
Ee, (keal. mole~') 17 + OF log,, K at --80° (1, mole’) 
1OB yo A, (lL. mole sec.” 13-3 + 0-2 vi (kcal. mole™') 

ke, (keal, molew') . Ib4 > O4 AS® (cal. deg.-' mole™') 


i 90 + O-8 
3-3 


rhe considerable positive value of AS°, which at first sight is surprising for an addition 
reaction with its accompanying loss of translational and rotational degrees of freedom, 


* Part LI, preceding paper. 

' Caldin and Long, Proc. Roy. Soc., 1955, A, 228, 263 

* Ketelaar, Bier, and Viaar, Rec. Trav. chim., 1954, 78, 37 
* Lobry de Bruyn and van Leent, ibid., 1895, 14, 150 

* Holleman and van Haeften, thid , 1921, 40, 67 
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has been attributed ! to desolvation, resulting from the delocalisation of charge that will 
take place on forming an addition product in which the charge formerly localised on the 
oxygen atom of the ethoxy-group is partly distributed over the nitro-groups of the trinitro- 
benzene. The value of A, corresponds to an entropy of activation of 10-5 cal. deg.) 
mole; this implies that more than half the desolvation occurs in forming the transition 
state. The fact that neither the values of F, nor those of A, differ greatly for the reactions 
of trinitrobenzene and trinitrotoluene has already been commented upon ! (cf. also the 
fellowing paper). Further interpretation of the Arrhenius parameters is deferred to a 
later paper. 

Reactions of Weak Acids with the Addition Product._-Yhe reaction in which the coloured 
addition product is decolorised with acids has been studied (a) with acetic acid from —50° 
to —80°, and (b) with a series of similar acids at — 80 It was found that reaction occurred 
both with uncharged acid and with hydrogen ion, as in the case of trinitroanisole (cf. 
equations 5 and 6 of the preceding paper) : 


hk, 
(T.N.B., OEt)~ + HA —®» T.N.B HOEt +- . ie (2) 
hy 
(I.N.B., OEt)- + EtOH,* —»T7T.N.B. + 2HOEt . . . . . (8) 


From the results with acetic acid it was possible to derive values of the constants ky 
for acetic acid and ky for hydrogen ion (and also more accurate values of ’.,) at four 
temperatures, and hence the Arrhenius parameters for these reactions : 


Acetic acid E, = 11-9 +. 0-5 keal. mole! logy, A, = 11-8 + 0-51. mole sec! 


Hydrogen ion: Ey = 11-2 4. 0-6 kcal. mole? log, A; ~ 18-4 4+. 0-7 1. mole! sec? 


The reliability of the value of Ey is subject to the limitation that it depends on the 
assumption that K,, which is used in estimating k,, does not vary appreciably with tem 
perature in the range used. None the less, it is striking that the energies of activation for 
acetic acid and for hydrogen ion are very similar, although the values of AG° for the two 
reactions at —80° will differ by about 12 kcal. mole", whereas on a simple potential-energy 
picture ® we should expect AE = aAG°, It is possible that part of the explanation is that 
the energy required to remove a proton from the acid is not the whole of the activation 
energy, to which solvation changes also contribute. 

The large value of Ag is to be expected for a reaction between ions. Ag is near the 
‘normal ’’ value for bimolecular reaction, despite the considerable increase in solvation 
that must occur when the negative charge becomes concentrated on the acetate anion; 
this is presumably because the reaction (2) produces an additional molecule and so leads 
to an increased number of translational and rotational degrees of freedom. 

The results with a series of acids at —80° showed that for reaction (2) the rate constants 
k, of the undissociated acids are related to the dissociation constants K, of the acids by a 
relation of the Bronsted type, kg = GK,*, where « is a constant. (In the absence of data 
on K, in ethanol at —80°, values at 25° were used.) The rate constant k, for the hydrogen 
ion agrees fairly well with the same equation. These results show that the rate-determining 
steps in reactions (2) and (3) are proton-transfers. The exponent « has the value 0-67, 

Nature of the Coloured Addition Product._-The kinetics of reaction (1) are compatible 
with the formation of either of the two kinds of addition product (I) and (II) distinguished 
in the preceding paper. As only one reaction has been observed, we cannot identify the 
product by the same arguments as were there used for the products of trinitroanisole. 
Phere are, however, certain analogies between the present reaction and the “ fast ’’ reaction 
between ethoxide and trinitroanisole. The two reactions are among the fastest of the 
series with different nitro-compounds, and have fairly similar energies of activation, The 
rates of the reverse reactions (#_,) are similar. The reactions of both coloured products 
with acids obey a relation of the Brensted type, which covers both undissociated acids and 
hydrogen ion. The Bronsted exponents are similar (0-56 and 0-67). These analogies do 


® Bell, "' Acid-Base Catalysis,’’ Oxford Univ. Press, 1941, Chap. 8 
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not amount to proof, but coupled with the lack of evidence for an addition compound they 
uggest that the coloured product is a charge-transfer complex, analogous to those formed 
by trinitrobenzene with hydrocarbons and amines.® 


EXPERIMENTAL 
Irinitrobenzene was recrystallised from ethanol-benzene to constant m. p., 121° (lit., 
121--122°). The purification of other materials, the apparatus and experimental procedures, 
and the methods of deriving rate constants have been described in the preceding paper or in 
that of Caldin and Long. The plots of (D, — D) against time, or the corresponding plots 
obtained by using Guggenheim’s method,’ were always linear, indicating first-order kinetics 
with respect to trinitrobenzene,' whose concentration was always negligible compared with that 
of the other reactant. The solvent was ethanol containing 1% of toluene by volume, added to 
prevent crystallisation from the relatively concentrated solutions during cooling before mixing 
with the ethoxide solution. The rate was unaltered when the toluene concentration was 
increased to 3%, or 6%. 
Results,(a) Reaction between ethoxide ion and trinitrobenzene. ‘The rate of this reaction (i) 
ia8 been measured with a series of concentrations of ethoxide (b) at —70°, 80°, —90°, and 
100°. The slopes s of these graphs of log,, (D, — D) against time, at a given temperature, 
give a straight line when plotted against b, This shows that the reaction is of first order with 
respect to ethoxide concentration, that it is not complicated by salt effects, and that it gives 
| complex. The slope of such an s—b plot gives k, and the intercept gives _,. 


TABLE 2. Reaction between ethoxide and s-trinitrobenzene. 
lod 10%) 10*s, obs 10s, cale. Slope of s-b Intercept of 
lemp mole l~') (mole 1 (sec,~?) (sec."!) plot (1. mole! sec!) s-b plot (sec.~) 
10-0 184 f 3°87 + 0-08 3°80 2°03 + 0°05 (85 -+- 1-5)10-¢ 
1-84 2: + OLS 5-35 
1-84 B15 vi Otis 7-20 
1-s4 . Os 0-55 
l 


4 fi 5 0-6 
86 y , - 0-03 26 0-16)10°! 
ia) i; 2-2 0-04 2- 
at 0-07 
st Old 
sO O16 
“BO Os 
sO O68 
AS I , L OZ ' 0-10) 10-4 (4 4)10°° 
0-06 
0-09 
i 
O10 


aIzoruc 
= = 


ts— 
whe 


~ 


ool “ (1+; + 0-04)10°7 
Oo? 
O04 
O04 
O07 


raBLe 3. Rate constants from the reaction between T.N.1. and OFt 


hy (1, mole! sec ') 4 h 7 obs hy (1. mole"! sec.~') h 4 obs 


lemp obs. cak (sec.~4) lemp obs cak (sec.~*) 
oueu (3-18 OOO 10? B24™@ 1lO* }7 « lo 80-0" Ill O04 105 (5 + 5)1lo 
O00 1-88 O-O2)lort 200% 10" (84 9)10 4 700 4-68 Olli 4-78 (20 4+ 0-4)10°% 


Che intercepts are here very small and correspondingly inaccurate. The experimental results 
are given in Table 2, The limits of error estimated from the graphs are indicated. The derived 
values of #, and &_,, with their limits of error, are given in Table 3. The accuracy with which 


* Bier, Thesis, Amsterdam, 1954 
Guggenheim, Phil, Mag., 1926, 2, 538 
* Poster, Hammick, and Wardley, /., 1963, 3817 
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they fit the experimental data may be seen by comparing the values of s calculated from them 
with the observed values (see Table 2, under heading “ s, calc."’). Corrections for the change 
in concentration of the solutions by contraction on cooling have been applied throughout 

The parameters of the Arrhenius equation for the forward equation, obtained by plotting 


the values of log,, &, given in Table 3 against 1/7, are : 


i9 


E, 11-7 + 0-1 keal. mole; log,, 4, 13-3 0-2 1. mole"! sec.! 


rhe values of &_, given in Table 3 are too inaccurate to be treated in this way; but values 
of k_, at 80°, —70°, —60°, and —50° are available from the results described later on the 
reaction of acetic acid with the coloured addition product, and from them we find ; 


E., 11-4 + 0-3 kcal. mole'; log, 4_, 9-9 +. 0-3 sec.~! 


rhese results on k_, also allow us to calculate the values of the equilibrium constant 4 at 
80°, —90°, and —99-9°, for which the values of £_, given in Table 3 are too inaccurate, K 
had been determined from equilibrium densities at 25° by Caldin and Long,' and values at 20° 
and 0° have been determined by the same method. ‘The collected values of A are given in 
lable 4 


ABLE 4. Equilibrium constant for the 1.N.B.-OEt™ reaction. 


Temp it) 20-0 oo JO0 BOO 90-0 00-4 


, 25: 
1o*h wore 24403 184-03 %17-403 = «2145 03 22405 190404 2-1 + 0-4 


It is evident that K is nearly independent of temperature. A plot of log K against 1/7 
is rather scattered, giving AH ~ 06 + 0-6 kcal. mole'. More precise values of AH and AS°® are 
obtained by combining the values given for FE ,; and £_,, and of A, and A_,; we then obtain ; 


AH 0-3 4+ 03kcal. mole; AS® 16-5 1-5 cal. deg. mole™ 


(b) Fteaction between acetic acid and the coloured addition product, Linear first-order plots 
were obtained at — 50°, —60°, —70°, and —80°. The rate varied with the buffer ratio, so that 
hydrogen ions must be involved. The reaction also showed a marked salt effect; presumably 
this was mainly the primary salt effect on the reaction between the positive hydrogen ion and 
the negative addition product. The ionic strength was therefore kept constant, by addition 
of lithium iodide. ‘The complete expression for the numerical value s’ of the slope of the first 
order plot will be (cf. eqn, 12, preceding paper) 


2-303s” = hk, + k,{HA) + /,{H bi i « 


The usual procedure has been to carry out at each temperature two sets of runs, each at constant 
buffer ratio and constant ionic strength. ‘The slope of a plot of s’ against acid concentration 
gives k,, by equation (4). The intercept gives (h_, k,{H1")}), in which [H*] may be roughly 
estimated, as in the preceding paper, from the dissociation constant of the acid in ethanol at 
25° by use of activity coefficients calculated from the Debye-Hiickel equation, From the 
two sets of runs, at different buffer ratios, we can then calculate k_, and ky. A different 
procedure was adopted for the runs at 70°. One set of runs was carried out at constant 
buffer ratio and ionic strength, and varying acid concentration; and in the second set the acid 
concentration and ionic strength were kept constant and the buffer ratio was varied, The 
plot of s’’ against acid concentration for the second set has intercept (4_, + 4,{HA}), and 
together with the slope and intercept for the first set this gives enough data for the determination 
of k_,, ky, and k, 

The results of the kinetic runs are shown in Table 5. Here b initial ethoxide concen 
tration, ¢ concentration of acid added, (¢ b) acid concentration in the resulting solution, 
g concentration of sodium acetate added, + (¢ b)/(b 4- g) buffer ratio of the resulting 
solution, A concentration of lithium iodide, and u ionic strength 

From these results, linear plots of s’ against the acid concentration (¢ b) were obtained ; 
the agreement of the best lines with the experimental observations is seen by comparing the 
last two columns of Table 5. The derived values of h_,, 4y, and k, are shown in Table 6, with 
their estimated limits of error. 
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The energies of activation and frequency factors calculated from Arrhenius plots of log h_,, 
log ky, and log kh, against 1/T are : 


Ey 11-4 + 0-3 keal. mole™ 106 45 Ay 9-9 + 0-3 sec. 
Ei, « 11-9 4+ 0-5 kcal, mole logo Ag = 11-8 + 0-51. mole sec,” 
E, 11-2 + 0-6 kcal. mole? logy As = 18-4 4 0-71. mole"! sec? 


These values give the “ calculated” values of the rate constants shown in Table 6. The value 
given for E, depends on the assumption that the equilibrium constant of the acid is 
approximately constant over the temperature range concerned ; this limits its reliability. 

(c) Reaction between other acids and the coloured addition product, ‘The reaction was studied, 
at — 80°, with three other weak acids. Since k_, is already known from the results with acetic 
acid, only one set of runs at constant buffer ratio and ionic strength is necessary for each ac id. 


faute 5. Reaction between coloured addition product and acetic acid. 


1% 10%) l0*g 10th 
10's’ (sec.~') 


(mole 1) 10% 
} ij . r (mole | ') obs, calc 
0 1-84 4-68 7-08 400 11-64 18-4 +- 0-3 18-35 
ae) HAS 6-62 3°98 11-65 18-8 + OD 18-8 
BoP 1) 72 4-05 4-00 11-65 19-0) +- OD 19-2 
1-55 16 2-48 4-00 11-64 19-9 0-4 19-9 
rhs 11-18 0-46 3°99 11-64 21-1 + 0-4 10-5 
2-79 2-15 9-50 11-05 11-65 23-0 +. 0-5 23-1 
58 1-20 7-37 12-00 11-66 25°0 + O6 24-9 
Bt) 4°47 7-18 11-98 11-65 25-2 +. 0-4 25-1 
7°25 HHS 6-09 12-00 11-64 26-1 4+. O6 26:0 
12 7 86 3°79 12-01 11-64 27-8 + 0-6 27-9 
600 3°82 6-34 26 5Ol 11-61 f-57 + 0-08 5°57 
37 7:25 4°37 5-00 11-65 i-78 0-08 5-72 
44 Od 2-62 Ol 11-66 6-00 4. O07 6-00 
6-43 10-74 0O-o2 4-99 11-66 6-30 O-O8 6-28 
Ou 11-65 5-00 11-65 6-50 0-10 6-42 
251 1-05 9-72 12-01 11-65 6°37 + 0-09 6-37 
TOt fal 4-24 11-98 11-65 7-77 4+. O-13 7-67 
aw) 615 5h 12-00 11-65 8-00 + OT 707 
10-4 78 3°67 11-98 11-65 8-69 + 0-12 8-66 
13-0 10-67 Ov 12-00 11-66 0-60 + O15 9-67 
10-0 14-5 4-47 7°63 12-0 12-00 2:16 4+ 0-07 2-16 
14-8 447 3-02 4-54 19-2 12-03 2-41 4 007 2°35 
14-8 4-47 1-51 6-05 24:1 12-03 2-33 + 0-07 2°47 
14-8 4-47 0-60 6-06 28-4 12-03 2-57 +- 0-07 2-58 
14-8 4-47 7:06 32-2 12-03 2-67 + 0-08 2-68 
hl 3-66 7-98 14-0 11-64 1-90 + 0-04 1-91 
O95 6-64 4-99 14-0 11-65 2-07 4- 0-04 2-07 
Log 731 4°34 14-0 11-65 2-02 +- 0-04 2-09 
12-4 8-26 3°37 14-0 11-63 2-20 + 0-05 214 
5-2 10-15 1-50 14-0 11-65 2:24 -+ 0-04 2-24 
800) 54 ek 8-92 12-0 11-65 0-387 +. 0-007 0-387 
6-03 4-66 6-99 12-0 11-65 0-410 + 0-006 0-416 
4-61 6-62 502 12-0 11-64 0-440 4- 0-007 0-444 
12-0 21 244 12-0 11-65 0-465 4+ 0-008 0475 
1h-4 l1-s4 12-0 11-84 0-518 4 0-008 517 
03 2-80 B75 19-9 11-64 O-5LL 4- 0-007 0-509 
| 4-09 7:55 20-0 11-64 0-543 +. 0-010 0-536 
sa 4-46 717 20-0 11-63 0-588 + 0-012 0-545 
16-6 7-87 3°77 20-0 11-64 0-628 4. 0-010 0-626 
20-1 9-57 2-07 20-0 11-64 0-655 + 0-014 0-664 
PABLE 6 
LO*k_, (sec.~*) 10%, (1. mole™! sec.) l0-*k, (1, mole"! sec.~') 
emp obs calc obs cal obs cak 
nw 35, +1 33-9 161 + 15 166 21 +3 22 
“wo a6 Os 12 744.5 49 6-7 + 1-7 74 
70 S14 O44 2-69 834.1 12-3 tl + 03 1-8 


sO O58 | Of 0-63 2°7 OS 2°7 O47 + O15 O44 
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The results of the kinetic runs are given in Table 7. Linear plots of s” against acid concentration 
were again obtained; the agreement of the best straight lines with the observed points is shown 
by comparing the calculated and observed values of s’ in Table 7. Values of &_,, Ay, and kh, 
were derived as for acetic acid, the values of K, adopted in the previous paper being taken. 
The values of k, can only be very approximate. The calculated results for the four acids at 

80° are in Table 8. The values of k_, derived from the several acids agree satisfactorily. 
The agreement between the values of h, is also satisfactory in view of the approximations, 


Plot of logy, kg at —80° against log,, K, at 25° for the reaction 
between weak acids and the coloured product of the reaction 
between s-trinitrobenzene and ethoxide. 

(Estimated limits of error are indicated by the lengths of 

the lines.) 


{ og 10 x, 


€ 


TABLE 7. Reaction between various acids and the coloured addition product (temp. — 80") 


10*b 104 104s (sec?) 
(mole I~) 10*h (mole 1.~*) obs cale, 
Trimethylacetic acid (v 15-0) 
1-66 9-09 11-65 249 4. 0-04 2-61 
3-20 8-45 11-65 2-68 + 0-06 2-67 
5°20 6-44 11-64 2-02 + 0-06 2-88 
9-87 1-78 11-65 3°33 4+. 0-07 3:38 
B-Chlovopropionte acid (r 10-0) 
2-20 2-00 9-64 6 4°85 0-09 4-82 
3-14 2-90 874 “6 5-26 4- 0-08 6-22 
5°38 5°34 6-30 “6! 6-07 +- O14 6-29 
6-29 5-72 5-92 , 6-48 4+ 0:14 6-44 
7-63 6-94 4-70 é 7-24 0-16 701 
Chlovoacetic acid (r 10-0) 
1-61 1-46 10-18 11-64 85-2 1-6 
2-79 2-55 9-09 11-64 BRO 20 
4-95 4-50 714 11-64 02-4 + 2-4 
8°30 7:04 410 11-64 100-0) 4+. 2-4 


TABLE 8. Rate constants from the reaction of various weak acids with the 
coloured addition product at —-80°. 

10*k_, 10%, K, at 25° Lir*h, 
Acid (sec,~') (1. mole! sec.~*) (mole 1.~*) (1. mole sec 

Trimethiylacetic .......00+. , 5-0 + 1+ 1-7 4. 0-2 21 xilo <2-8 
Acetic 50 + 1- 2-7 4-0-3 3-74 * 10"! ‘T+ 16 
B-Chloropropionic 5-0 + I- lt + | 1-84 x lor bh - O7 
Chloroacetic 5-0 + 14 55 9 30 «x 10 Te O1 


The graph of log,, k, at — 80° against log,, K,, at 25° is shown in the figure. The best straight 
line at —80° through the points is represented by the equation log,, k, = 5-49 4+- 0-67 log,, K,,. 
For hydrogen ion, this equation predicts a value for the rate constant of 2 x 10* 1. mole™ sec.”!, 
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the pK of ethanol in ethanol * being taken as 19-14 and its concentration as 17 moles 1.~. 
This is within a power of 10 of the experimental values given in Table 8, and in view 
of the extrapolation and approximations the agreement is adequate. For the solvent con- 
sidered as an uncharged acid, the predicted rate constant is 5 x 10° 1. mole sec.4, which is 
much less than the experimental value of h_,, viz., 5 «x 101. mole™ sec.'. This implies that 
in the absence of added acid the only decolorisation reaction that need be considered is the 
unimolecular decomposition of the addition product, i.¢., the reverse of reaction (1). 
. 
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490. The Kinetics and Mechanisms of Some Colour Reactions of 
Aromatic Nitro-compounds at Low Temperatures, Part I1V.* 
2:4: 6-Trinitrotoluene ; a Second Reaction with Ethoxide Ion. 


J. B. Atnscoucu and E. F. Canin. 


The early stages of the reaction between ethoxide ion and 2: 4: 6-trinitro- 
toluene in ethanol have been examined. By using relatively high concen 
trations, it is possible to observe the rapid formation of a brown colour, 
which passes more slowly into the usual purple. The kinetics of the initial 
fast reaction have been investigated, and the Arrhenius parameters deter 
mined, The mechanism of the reaction is discussed 


rHe kinetics at low temperatures of the reaction between sodium ethoxide (10 to 10-'m) 
and 2: 4: 6-trinitrotoluene (ca. 10-°m) in ethanol, producing a purple solution, have been 
described in Part I of this series! It was there mentioned that in much more concen- 


trated solutions it is possible to detect an initial reaction, which rapidly produces a brown 
A plot of optical density against time 


this refers to 0-25m-sodium ethoxide and 0-0061M-trinitrotoluene 
in ethanol at —80°. The curved part of the plot refers to the formation of the brown 


solution, passing over slowly into the usual purple. 
is shown in the Figure; 
solution, containing only a small proportion of the purple species. The linear part gives 
the initial rate of formation of this species, which gives rise to a much higher optical density 
at equilibrium, 

lk. vidence has been given that the purple species is an anion derived from trinitrotoluene 
by loss of a proton, and it has been suggested that the brown species is an addition product 
of trinitrotoluene with ethoxide.4 Solid addition products with potassium methoxide 
and with sodium n-butoxide have been described.*4 Such an addition product might be 
either a charge-transfer complex or an addition compound of the type described by Meisen- 
heimer.* It is of interest to investigate the kinetics of the formation of this addition 
product, for comparison with those of the proton transfer, and the results are now described 
lhe reaction producing the brown solution will be called the “ fast ’’ reaction, to distinguish 
it from the “ slow ’’ reaction which produces the purple solution 

rom results such as those shown in the Figure it is possible to determine the rate 
constants for the initial “ fast’’ reaction (see p. 2549). The rate-concentration relations 
would be the same for an addition reaction as for a proton-transfer reaction.’ It is found 
that for a given run the plot of log (D, — D) against time is linear, D, and D being the 
optical densities at equilibrium and at time ¢, respectively; this indicates a first-order 
dependence of the rate on the concentration of trinitrotoluene (T.N.T.). The slopes of 
these plots, when plotted against the ethoxide concentration, are grouped about lines with 


* Part LIL, preceding paper 
Caldin and Long, Proc. Roy. Soc., 1955, A, 226, 263. 


i 

* Hantzsch and Kissel, Ber., 1899, 23, 3137 

> Kyan and O'Riordan, Proc. Roy. Irish Acad., 1919, 94, B, 175. 
‘ 


Meisenheimer, Annalen, 1902, 323, 205 
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small slope and large intercept, indicating that an equilibrium is set up in which the 
concentration of the brown species is small : 7 
hy 
T.N.T. + OEt- [—— Brown species a 
k ‘ 

Because of the low concentration of the coloured species, even at high concentrations 
of reactants (which make the reaction rather too fast for convenient measurement), the 
values of k, are not very precise; those of 4_, are somewhat better. Both A, and 4, 
have been determined at --70°, —80°, and —90°. Below —90°, the reactant solutions 
were too viscous to mix fast enough. Above —70°, the reaction was too fast to be measured 


Plot of optical density against time for 0-25m- 
odium ethoxide and 0-0061mM-trinitrotoluene at 
gO” 


1 L 
4 6 


77 me (mv rn ) 


by conventional means; but a few rate measurements were carried out with a rapid 
reaction apparatus ® at about +20°. It has thus been found possible to determine energie 
of activation and frequency factors with reasonable precision. The results are summarised 
in Table 1, in the column headed “ Fast ’’; E, and A, refer to the forward reaction, F_, 
and A_, to the back reaction. Estimated limits of error are given. The values of the 
corresponding parameters for the “ slow ’’ reaction are given for comparison 


TABLE | 


logy, hy at 80° (1. mole™ sec.~*) 

FE, (keal. mole) 

logy, A, (1. mole! sec,~') 

E_, (kcal. mole) 

10g 45 A_, (sec.~*) : 

logy, AK at —80° (1. mole) 

AH (kcal, mole) 

AS® (cal. deg.-* mole) 

Extinction coefficient (1. mole™! cm,~') 


It will be seen from Table 1 that the energies of activation F, and frequency factors A, 
for the “‘ fast’ and the “ slow’ forward reaction are rather similar. Since the “ slow ”’ 
reaction is believed to be a proton transfer, giving an anion, and the “ fast’ reaction an 
addition process, this is rather remarkable. It suggests that the conditions for reaction 
are fairly similar in the two cases, despite the fact that a covalent C-H bond is broken 
in one reaction and not in the other. The energy of activation in the proton-transfer 
reaction would then be due mainly, not to the breaking of the C~H bond, but to the factors 
common to both the reactions, The largest contribution to E common to both reactions 
may be the energy required to remove part of the solvent sheath from the reactant mole 
cules to enable them to come together. We hope to return to this matter in a later paper 


® Caldin and Trowse, Discuss. Faraday Soc., 1954, 17, 133 
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The large positive standard entropy change for the “ fast ’’’ reaction is no doubt to be 
undgrstood in terms of the net desolvation resulting from the partial distribution of the 
charge over the nitro-groups of trinitrotoluene, which will occur in either of the two 
possible addition products, The entropy of activation for the forward reaction is 4-6 
cal. deg.-' mole~! and indicates a partial desolvation when the transition state is formed 
from trinitrotoluene and ethoxide. 

The question whether the addition product is a charge-transfer complex or an addition 
compound cannot be conclusively decided on the present evidence. However, a comparison 
of the results on the present reaction with those on the “ fast ’’ reaction of ethoxide with 
2:4: 6-trinitroanisole, which almost certainly gives a charge-transfer complex,® and with 
those on the reaction of ethoxide with s-trinitrobenzene, which probably does the same,’ 
shows that nearly all the rate and equilibrium parameters fall into regular series. This 
is shown in Table 2. (The one exception is the value of A, for trinitrobenzene; this can 
be understood, since there might well be steric effects with trinitroanisole and trinitro 
toluene that would be absent with trinitrobenzene.) If these regularities are significant, 
they suggest that the “ fast ’’ reaction of trinitrotoluene, like the reactions of trinitroanisole 
and trinitrobenzene, probably gives rise to a charge-transfer complex 


Tawi 2. Rate and equilibrium parameters for the reactions of ethoxide with s-trinitrobenzene, 
2:4: 6-trinitroanisole (“ fast”’ reaction), and 2 : 4: 6-trinitrotoluene (‘ fast"’ reaction). 
T.N.1 T.N.B. T.N.A 
fast ’’) (“ fast ” 
/ i (kcal. mole r) 
A, (I. mole sec ooo |= BBG d AH (kcal, mole) 
Ie, (keal, mole) , ° , AS°®, (cal. deg. mole') 
It has been assumed so far that the “ fast’’ and the “slow” reaction are concurrent. 
rhe possibility that they are consecutive must be considered. The reaction scheme would 


then be similar to that considered in Part II of this series (equations | and 2), viz., 


hk, hy 
T.N.T. + OEt~ —~ Brown solution ——— Purple solution 


ay hy 

The observed energy of activation would be E, +- 4H; whence from Table 1, E, = 8-2 

1:3 keal. mole!, The observed value of logy, A would be logy A, + 4S°/2:3R; whence 
logy A 74 + 1 sec". This value of Fs would not be unreasonable, but that of A, 
would be anomalously low, since the formation of the anion in the purple solution would 
involve a delocalisation of charge, accompanied by desolvation, leading to a positive 
entropy of activation. It appears therefore that the reactions are probably not consecutive, 
but concurrent [he results at lower concentrations report d earlier! are not affected by 
the reaction studied in this paper, which would be a negligible side reaction at the lower 


concentration 


I. XPERIMENTAI 


The purification of materials, the apparatus, and the experimental procedures have been 
described,';* The solvent throughout was ethanol containing 1% by volume of toluene. 

Kinetic runs were carried out at —70°, —80°, and —90°. The rate constant for each run 
was derived from a plot, such as that shown in the Figure, of optical density against time, which 
hows that the “ fast "’ reaction has progressed far on the way to equilibrium and that the " slow ' 
reaction is in its initial stages. The optical density due to the purple species produced by the 
‘slow "’ reaction must be allowed for. Since under the conditions of experiment the “ slow ”’ 
reaction gives rise to a linear increase in optical density, it was allowed for by drawing a line 
through the origin parallel to the linear part of the plot, and taking the length aa’ as representing 
the optical density D due to the brown species produced by the “ fast ’’ reaction. (D, is the 
optical density that would be reached at equilibrium if only the “ fast ’’ reaction occurred) 


* Ainscough and Caldin, /., 1956, 2528 (Part IT), 
Idem, whid., p. 2540 (Part IIT) 
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Plots of log (D, — D) against time were linear. The slopes s of these graphs for various ethoxide 
concentrations (b) were plotted against b. The plots were more scattered than for the other 
reactions studied in this series, on account of the high rate of reaction and the small density 
differences, which had to be read from the curved graph. 

The results are shown in Table 3, which gives the slopes of the first-order plots, with the 
estimated limits of error, at various ethoxide concentrations (b), the T.N.T. concentration (d) 
being nearly constant; the optical density at equilibrium D, due to the brown species is also 


TABLE 3. “ Fast’’ reaction between 2 : 4 : 6-trinitrotoluene and ethoxide ion. 
lotd 102) 105 Slope of s-b Intercept of 
Temp (mole 1,~*) dD, (sec,~") plot (1. mole™! sec.~') s~b plot (sec.”! 
70-0° 87 2-80 0-136 18:1 + 09 (1-2 + 0-3)10~! (1-7 + 0-2)10" 
“87 4-96 0-314 + O-9 
“87 5-07 0-269 20- +. I°7 
“87 78 0-374 23- L- O-6 
‘87 7:74 0337 287 + 21 
“87 11-3 0-628 28:1 - O8 
1-87 0-071 23 0-45 é 4:3) 10% (4-8 4+ 0-4)10" 
4-57 0-151 5-23 4- 1-33 
4-95 O-214 VBE 1-45 
821 0-364 3} 0-65 
11-5 0-471 07 + 0-60 
140 0-579 6 0-53 
15-4 0-672 6-39 + 9-78 
90-0 4°52 0-107 1-73 + 0-06 f | (1°77 +. 0-06)10" 
91 6-51 O-112 1-00 + O-O8 
Ol 11-5 0-256 1-86 + 0-07 
91 12-4 0-378 1-92 + 0-07 


given. ‘The slopes and intercepts of the plots of s against » are given in the last two columns, 
rhe derived values of k,, k_,, and K, with the estimated limits of error, are given in Table 4. 
Corrections have been applied throughout for the changes in concentration of the solutions 
by contraction on cooling. An approximate value of 4, at room temperature, obtained by 
Dr. G. Long using a rapid-reaction apparatus,* is included in Table 4 


PaBLe 4. Rate and equilibrium constants for the “ / caction between 2 : 4: 6-trinttro- 
toluene and ethoxid 
10%, (1. mole! sec 
lemp 
19-4 
70-0 
sO-U 
v0-0 


rhe Arrhenius plots of k, and k_, against 1/T give 


E, 12-4 + 0-3 keal. mole 
E., 8-2 + 0-7 kcal. mole™ 


The heat of reaction, calculated as AH E, / F ntropy of reaction, 
calculated from 1, A \ exp(AS /R), are therefore 


NH ; 2 4 } keal. mole I ‘’ y 4 , 4 cal. de g.' mole! 


The extinction coefficient e of the brown species has been evaluated by measuring the initial 
slopes of the plots of density against time, equal to 4, ebd, where | is the length of the optical 
path, the values of &, given in Table 1 being used The mean value, from the results at 

80° and —90°, ise 10% x (2 1) 1. mole cm 


Tue University, Leeps 2. teceiwed, November 28th, 19565 
I Univ TY, Leeps 2 I d, } bey 28th, 190 


Noles. 


491. Oxidative Degradation of Sterculic Acid. 
By J. P. Varma, Boots Natu, and J. 5. AGGARWAL. 


We have already advanced ! some evidence that sterculic acid is w-(2-n-hexyleyclopropy]) 
dec--enoic acid, Support for this assignment has been obtained by potassium perman 
ganate oxidation of the acid. Production of hexyl n-methyl ketone, heptanoic acid, and 
azelaic acid may be explained on the basis of our formulation but not on the eyclopropene 
tructure assigned by Nunn.* The same products were obtained by Hilditch, O'Meara, 
and Zaky ® from permanganate oxidation of the total fatty acids of Sterculta foetida oil. 


I xperimental,-Sterculic acid (6-2 g.), in dry acetone (98 ml.), was refluxed with powdered 
potassium permanganate (25 g,.) for 1 hr. The solvent was then removed, and the residue 
suspended in water and saturated with sulphur dioxide. The mixture was then steam- 
distilled, the distillate neutralised with sodium carbonate and extracted with ether, the ethereal 
extract dried (Na,SO,), and the solvent removed, The neutral product (0-5g.), b. p. 169-—-173° 
(Found: C, 746; H, 12-38, Cale. for CgH,gO: C, 749; H, 12-6%), formed a 2: 4-dinitro- 
phenylhydrazone, m. p. 59° not depressed when mixed with »-hexyl methyl ketone dinitro 
phenylhydrazone (Found : N, 18-6, Cale, for C,,H,O,N,: N, 18-2%) 

The alkaline solution, left after ether extraction, was acidified and extracted with ether, 
the extract dried (Na,SO,), and the solvent removed, yielding a liquid (1-8 g.), b. p. 220°, ni 
14219 (Found: C, 64-9; H, 10-9%,; equiv. by titration, 130-5, Calc. for C,H,,0O,: C, 64-6; 


H, 108%; equiv., 130). It formed an amide, m. p. and mixed m, p, with authentic heptano 


amide, 92 
The residue from the steam-distillation was thoroughly extracted with ether; the extract, 


ifter removal of the solvent, gave a semi-solid which was treated with sodium carbonate solution, 
he alkaline solution was washed twice with ether, and acidified with dilute hydrochloric acid. 
rhe acidic solution was extracted with ether, the extract dried (Na,SO,), and the solvent 
distilled off, leaving a solid, m, p. and mixed m. p. with azelaic acid, 104° (Found: C, 57-6; 
H, 84%; equiv., 941 Calc, for Ch5H,,0,: C, 57-5; H, 85%; equiv., 94) 


rlONAL CHEMICAL LABORATORY OF INDIA, POONA Recewed, November 14th, 1955., 
Varma, Nath, and Aggarwal, Nature, 1955, 175, 84; 176, 1082 


Nunn, / 1052, 313 
Hilditeh, O'Meara, and Zaky, J. Soc, Chem. Ind., 1941, 60, 1981 


492. Some Reactions of 2-Chlorophenazine 5: 10-Dioxide. 


By Justus K. Lanpguisr. 


2 CHLOKOPHENAZINE 5: 10-pioxipeE (I; X Cl) has been shown to give 2-hydroxy 
phenazine 5: 10-dioxide (I; X < OH) when heated with aqueous-alcoholic potassium 
hydroxide. The replacement of the chlorine atom has a limited application in the 
ynthesis of other phe nazine N-oxides, but with oxidisable reagents reduction of the N-oxide 


) S*CH,*CO,H 


(It) 


groups occur rhus, with boiling piperidine the chloro-compound (I; X = Cl) gave 
2-piperidinophenazine 5; 10-dioxide (I; X NC,H,,) and 2-piperidinophenazine mono- 
N-oxide, and with 3-piperidiriopropylamine it was reduced to 2-chlorophenazine. With 
odium mercaptoacetate it was converted into 2-carboxymethylthiophenazine (IT) 


in, J. Amer, Chem. Soc., 1949, 71, 1139 


(1956) Notes 2551 


Experimental.—(a) Reaction with piperidine. 2-Chlorophenazine 5: 10-dioxide (3 g.) and 
piperidine (30 c.c.) were stirred and refluxed for 1-5 hr., and then poured into water (300 ¢.c.) ; 
the mixture was acidified with hydrochloric acid, and filtered. The product was precipitated 
by sodium hydroxide and was purified by reprecipitation from a solution in hydrochloric acid, 
Ihe product was extracted with boiling benzene and the extract concentrated (to 75 ¢.c.) and 
treated with light petroleum (250 c.c.; b. p. 60-80 2-Piperidinophenazine 5: 10-dioxide 
(1-35 g.) formed violet-black needles (from benzene-petrol), m, p. 174° (Found: C, 68-5; H, 5-8; 
N, 14:1. ©,,H,,O,N, requires C, 69:15; H, 5-75; N, 142%). Evaporation of the benzene 
light petroleum mother-liquor gave a red solid (1-1 g.), which after three crystallisations from 
light petroleum (b. p. 100—-120°) gave 2-piperidinophenazine 5- or 10-oxide (0-3 g.), a8 dark red 
needles with a green reflex, m. p. 159° (Found: C, 72-8; H, 5-9; N, 147. C,,H,,ON, requires 
C, 73-1; H, 6-1; N, 15-05%). 

(b) Reaction with 3-piperidinopropylamine. 2-Chlorophenazine 5: 10-dioxide (2-5 g.) and 
3-piperidinopropylamine (5 g.) were heated to 120° and the exothermic reaction was checked by 
cooling. The mixture was then heated at 130—135° for 1-5 hr., cooled, and extracted with cold 
dilute hydrochloric acid. The undissolved material was triturated with dilute sodium 
hydroxide, filtered and washed with water, giving 2-chlorophenazine (1:3 g.), m, p. 134-136", 
The acid extract was made alkaline with sodium hydroxide, and the tar (2-1 g.) was purified by 
chromatography (benzene—alumina), giving 2-chlorophenazine (0-3 g.), m. p. 135-—137°. 

(c) Reaction with meycaptoacetic acid. 2-Chlorophenazine 5: 10-dioxide (0-5 g.) and ethanol 
(10 c.c.) were refluxed with mercaptoacetic acid (0-37 g.) in 10% aqueous sodium hydroxide 
(3-5 c.c.). After 80 min, the solution was diluted with water (60 c.c.), filtered, and acidified. 
The precipitated 2-carboxymethylthiophenazine (0-45 g.) was crystallised from ethanol and then 
from butanol forming red-brown prisms, m. p, 245--246" (Found: C, 61-9; H, 38; N, #7; 
S$, 12-7. CygHyO,N,5 requires C, 62:2; H, 3-7; N, 10-4; S, 11-85%) 
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493. (uinoraline N-Oxides. Part VI.* N-Oxides of 


2: 3-Polymethylenequinoxalines. 


By Justus K. LAnpguist. 


In addition to the 2: 3-dialkylquinoxaline 1: 4-dioxides which were synthesised as 
potential chemotherapeutic agents,! di-N-oxides of some 2 : 3-polymethylenequinoxalines 
were also made. 2: 3-Tri-, tetra-, and penta-methylenequinoxaline, 6-methyl-2 ; 3-tri- 
methylenequinoxaline, and 6-methyl-, 6-chloro-, and 6-methoxy-2 : 3-tetramethylene- 
quinoxaline were conveniently prepared by reaction of cyclic ketones with the 
appropriate o-aminoazo-compounds.* 2: 3-Tetramethylenequinoxaline (1: 2: 3: 4-tetra- 
hydrophenazine) di-N-oxide has been described by MeclIlwain.* Bornyleno(2’ ; 3’ ; 2 : 3)- 
quinoxaline 4 gave a di-N-oxide although by analogy with 2-methyl-3-1sopropylquinoxaline 
and 2 : 3-dissopropylquinoxaline ! steric hindrance might have been expected, 

In the preparation of 6-chloro-2 : 3-tetramethylenequinoxaline (as 1; X = Cl, m = 4) 
from 4-chloro-1:2-phenylenediamine and _ cyclohexane-1; 2-dione a by-product, 
Cy gH,gN,Cly, was isolated. From its composition and mode of formation it would appear 
to be (I1) or (III). Morley ® isolated a similar substance, C,,HyN,, from the condensation 
of o-phenylenediamine with cyclohexane-1 ; 2-dione, and provisionally assigned to it the 
structure (IV). The evidence for the structure of these compounds is inconclusive; neither 
of them gave evidence of having diazotisable amino-groups, and neither was hydrolysed to 


* Part V, /., 1956, 2068. 


' Landquist and Stacey, J., 1963, 2822 

* King, Clark, and Davis, J., 1949, 3012, 

’ Mcilwain, /., 1943, 322 

* Singh and Mazumder, /., 1919, 115, 574. 
Morley, /., 1952, 4008 


Notes. 


the parent o-phenylenediamine when boiled with hydrochloric acid. The structure (IV) 
not possible for the derivative of 4-chloro-1 : 2-phenylenediamine. 


SNH, sat 


<a 


Lxperimental._-2-Amino-4-chloroacetanilide. 4-Chloro-2-nitroacetanilide (130 g.) was added 
gradually to iron (pin dust) (110 g.), water (360 c.c.), and glacial acetic acid (10 c.c.), stirred 
vigorously at 70° + 2°, The temperature was raised to 80°, calcium carbonate (30 g.) was added, 
and after 10 min. the hot mixture was filtered. Part of the product (8 g.) crystallised from the 
filtrate; the remainder (sa, 70 g.) was recovered from the filter cake by extraction with boiling 
ethanol, 2-Amino-4-chloroacetanilide crystallised from ethanol in needles, m. p. 144° (Found: 
N, 15-5. C,H,ON,Cl requires N, 15-2%). 2-Amino-4-methoxyacetanilide * was made similarly, 

2-Acetamido-b-chloroasobenzene. 2-Amino-4-chloroacetanilide (120 g.) dissolved in ethanol 
(120 c.c.) and glacial acetic acid (120 c.c,) was treated at room temperature with nitrosobenzene 
(100 g.). The mixture was shaken at intervals, and after 5 hr. the product (70 g.) was filtered 
off, washed with ethanol, and crystallised from ethanol (carbon), 2-Acetamido-5-chloroazo- 
benzene formed yellow needles, m, p, 180° (Found: N, 15-45. C,,HyON,Cl requires N, 154% 

2-Acetamido-5-methoxyazobenzene, prepared similarly (yield, 24%), formed orange blades, 
m. p. 174--175°, from ethyl acetate (Found ; N, 15-65. C,,H,,O,N, requires N, 15-6% 

2-Amino-b-chloroazobenzene, ‘The acetyl derivative (68 g.) was‘refluxed with 5% alcoholic 
potassium hydroxide (700 c.c.) for 6 hr. The mixture was poured into water (2 1.), and the 
product was crystallised from light petroleum (b. p. 100—120°) (yield, 70%). It formed red 
needles, m. p. 113° (Found: N, 18-3. C,,H,,N,Cl requires N, 182%). 2-Amino-5-methoxyazo 
benzene, prepared similarly (yield, 69°%,), crystallised from light petroleum (b. p. 60-—-80°) in red 
lamina with a brassy reflex, m. p. 38-—-39-5° (Found: N, 18-5. C,,H,,ON, requires N, 18-5%). 

Preparation of 2; 3-polymethylenequinoxalines. (A). A solution of 4-chloro-1 : 2-phenylene- 
diamine (28 g.) in hot 10% aqueous acetic acid (240 c.c.) was heated for 1 hr. at 98—100° with 
cyclohexane-1 ; 2-dione (23 g.), and the mixture cooled and made alkaline with sodium hydroxide 
solution, The precipitated oil solidified and was washed with water, dried, and extracted with 
light petroleum (b, p. 60—80°), leaving a by-product which crystallised from ethanol in pale 
brown prisms, m. p. 274—276° (Found: C, 59-9; H, 48; N, 15-55. C,,H,,N,Cl, requires C, 
59-8; H, 50; N, 165%). The petroleum extract afforded 7-chlovo-1: 2:3: 4-tetrvahydro- 
phenasine (i1-5 g.), m. p, 94° (Found : C, 66-2; H, 5-0; N, 12-5. C,,H,,N,Cl requires C, 65-9; 
H, 5-0; N, 128%). This compound was also prepared by method (C). 

(B). o-Aminoazobenzene (10 g.), cyclohexanone (100 c.c.), and concentrated hydrochloric 
acid (0-5 c.c,) were refluxed for 2 hr, and then distilled until the temperature of the mixture rose 
to 175°. The residve was dissolved in ether and extracted with N-hydrochloric acid 
(7 x 100¢.c.). The bases recovered from the acid extract by treatment with sodium hydroxide 
and extraction with ether were distilled. The fraction of b. p. 125-—-156°/7 mm, (6-9 g.) gave 
pure 1; 2: 3; 4-tetrahydrophenazine, m. p. 92—93° [from light petroleum (b. p. 40-——-60°)). 

(C). 2-Amino-4’; 6-dimethylazobenzene (50 g.), cyclohexanone (450 c.c.), and concentrated 
hydrochloric acid (2 ¢.c.) were refluxed for 2 hr., made alkaline with sodium carbonate, and 


* Simonov, /. Gen. Chem, U.S.S.R., 1940, 10, 1588. 


(1956) Notes. 2553 


steam-distilled. The residue was diluted to 500 c.c. with water, and the mixture treated with 
concentrated hydrochloric acid (100 c.c.), boiled, and decanted from tar. The base precipitated 
from the aqueous extract by sodium hydroxide solidified on cooling and was separated and 
extracted with light petroleum (b. p. 40—-60°). Distillation of the petrol-soluble material gave 
1:2; 3: 4-tetrahydro-7-methylphenazine * (24 g.), b. p. 163--164°/5-5 mm. (m. p, 80-82 
after crystallisation from light petroleum). 

The following were prepared by these methods 

2 : 3-cycloPentenoquinoxaline (B), b, p. 130-—-150°/7 mm., m. p. 99--—-100° (Found; N, 16-5 
Calc. for C,,HyN,: N, 165%). 

6-Methyl-2 : 3-cyclopentenoquinoxaline (B), cream needles from light petroleum (b. p. 60 
80°), m. p. 103-—104°, b. p. 186-—145°/4 mm. (Found: C, 78:2; H, 66; N, 15-5, Cy,HyN, 
requires C, 78-2; H, 6-5; N, 15-2%). 

1: 2:3: 4-Tetrahydro-7-methoxyphenazine (C), pale brown prisms, m. p. 115-—-115-5°, from 
light petroleum (Found: N, 12-95. C,,H,,ON, requires N, 13-1%). 

2: 3-cycloHeptenoquinoxaline (C), platelets, m. p. 81°, from light petroleum (b. p. 60-80”) 
(Found: N, 14-0. Cy,H,,N, requires N, 14-14%). 

Preparation of N-oxides, 2: 3-cycloPentenoquinoxaline (4-25 g.) in ether (75 c.c.) was 
treated with monoperphthalic acid in ether (170 c.c. of 0-35 molar solution) and kept in the dark 
After 3 days the N-oxide phthalate (56—6 g.) was filtered off, washed with ether, and dissolved in 
water (100 c.c,) by the addition of sodium carbonate to adjust the pH to 7, The aqueous 
solution was extracted with chloroform (4 « 50 c.c.), and the extract was dried (Na,SO,) and 
evaporated. The residue (3-1 g.) was twice crystallised from benzene, giving 2 : 3-cyclopenteno 
quinoxaline | : 4-dioxide as dull greenish-yellow leaflets, m. p. 179° (decomp.) (Found ; C, 64-7; 
H, 4-8; N, 13-9. C,,H,,O,N, requires C, 65-3; H, 4-05; N, 13.9%). Oxidation of 6-methyl- 
2: 3-cyclopentenoquinoxaline gave only tars, and both quinoxalines were unstable to peracetic 
acid 

The oe N-oxides were obtained by oxidation with peracetic acid :! 

L: : 4-Tetrahydvo-7-me merpienanne 5: 10-dioxide, yellow needles, m. p. 208— 210°, from 
ethancl (F Bhs : C, 67-3; H, 6-1; N, 12-2. C,,H,,O,N, requires C, 67-8; H, 6-1; N, 12-2%). 

7-Chlovo-1:2:3:4 tsirabydrophenazine 5: 10-dioxide, “yellow microcrystals, m. p. 186-188”, 
from ethanol (Found: C, 56-8; H, 4:35; N, 11-0. C,,H,,O,N,Cl requires C, 57-5; TH, 4-4; N, 
11-2%). 

1: 2:3: 4-Tetrahydro-7-methoxyphenazine 6: 10-dioxide, brown needles, m. p. 204-—-206°, from 
ethanol (Found: C, 63-1; H, 5-8; N, 10-8. C,,H,,O,N, requires C, 63-3; H, 5-7; N, 11-4%) 

2: 3-cycloHeptenoquinoxaline 1: 4-dioxide, yellow prisms, m. p, 172--173°, from benzene 
(Found: C, 68-0; H, 5-9; N, 11-5. C,,H,,0O,N, requires C, 67-8; H, 6-1; N, 122%). 

Bornyleno(2’ : 3’: 2: 3)quinoxaline di-N-oxide, cream prisms, m. p, 137-—-139°, from light 
petroleum (b, p. 80-—-100°) (Found: C, 71-3; H, 7:0; N, 10-5. C,gH,,O,N, requires C, 71-0; 
H, 6-7; N, 10-4%). 
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494. An Attempted Synthesis of Pelletierine. 
By R. E. Bowman and D. D. Evans 


rue alkaloid pelletierine, first isolated by Tanret ! and later assigned structure (1) by 
Hess and Eichel,* has in spite of its apparent molecular simplicity, resisted all attempts 
at synthesis.* We now report a new approach which, again, has failed to yield the alkaloid, 
«-Lithio-2-picoline in ethereal solution with 5-chloromethyl-2 ; 2-dimethyl-1 : 3-dioxolan 
gave smoothly a mixture of the mono- and di-alky! derivatives (LI) and (111), which were 
readily separated by fractional distillation im vacuo. These products were readily 
hydrolysed by dilute acid to the corresponding di- and tstra-ols but attempts to reduce the 
pyridine ring of the former with Raney nickel were unsucce -sitful However, in the presence 
' Compt. rend., 1878, 86, 1270 


* Ker, 1917, 60, 1192, and later papers 
* King, Hofmann, and McMillan, /. Org. Chem, 1051, 18, Lhe Oy fand references cited therem 


Ys 


} 


Notes. 


of one equivalent of ethanolic hydrogen chloride,* reduction of the dioxolan (II) took place 
readily over platinum, to give, after hydrolysis of the protecting group, the piperidine (IV). 
Reaction of the latter with aqueous periodic acid appeared to take place rapidly at room 


Sue 2 


| ! 


(II) (111) 


H 
(IV) I) 


104 
sy 7 CHg’CHa'CH(OH)CH3 OH a 2p ae + CH20 
M 


temperature, as indicated by evolution of formaldehyde but only a trace of volatile base 
could be isolated; attempts to isolate pelletierine (I) as its picrate from the reaction 
mixture were equally unsuccessful. 


Experimental,-Alkylation of 2-picoline with 5-chloromethyl-2 : 2-dimethyl-1 : 3-dioxolan. 
The dioxolan (100 g., 0-66 mole) in ether (200 m1.) was added gradually with stirring and cooling 
to an ethereal solution of w-lithio-2-picoline * (0-63 mole) during 1 hr. and thereafter the mixture 
was refluxed for 5 hr, After 2 days at room temperature, the mixture was decomposed with 
ice-water and the organic extract evaporated to dryness. Fractional distillation furnished 
2: 2-dimethyl-4-(2-2’-pyridylethyl)-1 : 3-dioxolan (11) (25 g.), b. p. 99-—101°, nv 1-5106 (Found 
C, 70-2; H, 84; N, 68. C,,H,,O,N requires C, 69-5; H, 8-3; N, 68%), and 1: 2-6 : 7-di(iso- 
propylidenedioxy)-4-2'-pyridylheptane (111) (30 g.), b. p. 148—150°, n® 1-4927 (Found : C, 67-5; 
H, 85; N, 45. CygH,,O,N requires C, 67-3; H, 8-5; N, 44%). 

4-2’-Pyvidylbutane-1 : 2-diol, The dioxolan (II) (10 g.) was heated in N-sulphuric acid 
(85 ml.) on the steam-bath for 5hr, After dilution with water (500 m1.), the mixture was passed 
through Amberlite resin IRA-400 (OH) to remove sulphate ions, and the percolate evaporated 
to dryness in vacuo, yielding the diol (Found: C, 64-6; H, 7-8; N, 84. C,H,,O,N requires 
C, 64-7; H, 7-8; N, 84%). The material appeared to distil (b. p. 148—150°/1-25 mm., n? 
1-5278) but analytical results (Found : C, 63-9; H, 7-6; N, 7-8%) indicated that some decompo 
sition had occurred. 

4-2’-Pyridylheptane-1 ; 2: 6: 7-tetraol. Wydrolysis of the bisdioxolan (111) was carried out as 
in the previous example, to give the fetraol (Found: C, 60-1; H, 8-0; N, 58, C,,H,,O,N re- 
quires C, 59-7; H, 7-0; N, 68%) which could not be distilled at 0-5 mm. without decomposition 

4-2'-Piperidylbutane-1 ; 2-diol (IV). A solution of the pyridyl derivative (II) (45 g.) in 
n-ethanolic hydrogen chloride (260 ml.) was hydrogenated over platinum oxide (2-0 g.) until 
3 mols. of hydrogen had been taken up. After removal of catalyst, the solution was diluted 
with 0-2n-sulphuric acid (260 ml.) and set aside overnight. Ethanol and acetone were then 
removed in steam, and sulphate and chloride ions with ion-exchange resin as previously. Dis 
tillation of the eluate furnished the diol, b. p. 134—~136°/0-3 mm., ni? 1-5035 (Found : C, 62-4; 
H, 111; N, 82. C,H,,O,N requires C, 62-4; H, 11-1; N, 81%) 

Periodic acid oxidation of 4-2'-piperidylbutane-1 ; 2-diol. A solution of the diol (10 g.) in 
water (85 ml.) was mixed with aqueous periodic acid (9%; 170 ml.) at room temperature, a 
brisk stream of nitrogen being passed through the solution to volatilise the formaldehyde 
formed. After 3 hr, the solution was concentrated to half-volume under reduced pressure and 
basified with LON-sodium hydroxide (10 ml.) in the presence of chloroform (100 ml.). The 
solution was repeatedly extracted with chloroform and bulked extracts were evaporated to 
dryness under reduced pressure; the resulting red oil (10 g.) was then distilled in vacuo but only 
a trace of volatile yellow oil (100 mg.), b. p. 65—-67°/1 mm., was obtained and gave unexpected 


* Adams and Voorhees, /. Amer. Chem. Soc., 1922, 44, 1397 
» Walter, Org. Synth., 1943, 23, 83 
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analyses (Found: C, 70-4; H, 10-8; N,87. Cale. forC,H,,ON: C, 680; H, 10-7; N, 90%) 
Pelletierine * is described as an oil, b. p. 106°/21 mm 
In other experiments under the same conditions, samples of reaction mixture were removed 
at intervals and treated with aqueous picric acid; intractable gummy picrates were obtained 
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495. epiPregnanolone-Benzophenone Adduct. 


By K. R. BHARUCHA 


In contrast to the chromic acid oxidation, which has been reported? to yield the expected 
epipregnanolone, m. p. 149-151", oxidation with permanganate of 3a-acetoxy-24 : 24 
diphenylchola-20 : 23-diene, obtained from lithocholic acid by the Meystre-Mieschet 
degradation,' gave, after hydrolysis, a good yield of a product, m. p. 127—130°. From 
the ultraviolet absorption spectrum (peak at 2530 A), identical with that of benzophenone, 
the product was identified as an adduct of benzophenone and efipregnanolone, the identit 
being established by comparison (m. p., mixed m. p., «), spectrum) with a sample prepared 
from the components in ether. 

Elemental analyses, polarimetry, and light absorption indicate a molecular ratio of 
steroid to benzophenone of 3:1. With this stoicheiometry, it is difficult to visualise 
chemical bonding in the adduct, compatible with its ultraviolet absorption spectrum. The 
adduct is best considered as a clathrate. 

The superior physical and crystallising properties of the adduct and the ready recovery 
of steroid by steam-distillation suggest its usefulness in the isolation of epipregnanolone 
(and possibly other 20-keto-steroids) from oxidation mixtures with the aid of extraneous 
benzophenone. Complex formation may be one of the factors contributing to the low 
yields generally obtained on oxidation of diphenylcholadienes 


Experimental._-Ultraviolet absorption measurements were carried out with absolute EtOH 
solutions unless otherwise stated. Optical rotations were measured in alcohol-free chloroform 
in a 1 dm, tube. 

Permanganate oxidation of 3a-aceloxy-24: 24-diphenylchola-29 : 23-diene. To a stirred 
suspension of powdered permanganate (20 g.) and hydrated magnesium sulphate (10 g.) in 
acetone (150 c.c.) and-water (10 ¢.c.) at 27°, the acetoxy-diene (10 g, ; Amax, 050 A, e 27,300 in 
** isooctane '') was added in three lots at 5-minute intervals. An exothermic reaction ensued 
and acetone refluxed, After 30 min, reduction was complete, additional permanganate (3 g.) 
was added, and stirring continued at 35-——30° for another 4 hi Ihe mixture was then treated 
with activated charcoal! (1 g.) and filtered through filter-aid, and the residue washed with 
acetone, Evaporation of the combined filtrates, dissolution of the residue in methanol (25 c.c.), 
and re-evaporation in vacuo left the crude acetoxy-20-ketone as a gum (8-55 g.) 

A solution of the gum in methanol (100 ¢.c.), water (2 ¢.c.), and concentrated hydrochlori: 
acid (2-5 ¢.c.) was kept at 27° for 24 hr After neutralisation with anhydrous sodium carbonate 
and removal of the solvents im vacuo at room temperature, the product was isolated with 
chloroform as a pale yellow semi-solid (7-65 g Crystallisation from ether-hexane furnished 
the colourless epipregnanolone-benzophenone adduct (4-9 g.), m. p, 126---130° (after sintering 
Recrystallisation from hexane gave material, m. p. 127--130°, (4 ry 83:5° + 4° (¢ 1-035), 
y 2530 A (E% 185), 2 61) lurther crystallisation from aqueous methanol 


Amax dem 
did not alter these constants. The m. p. was not depressed on admixture with the adduct 


prepared as below 

Concentration of the mother-liquors from the first crystallisation furnished a slightly coloured 
second crop (1-05 g.), m. p. 112—120° after sintering, >,,,, 2530 A (E}%, 158). 

epiPregnanolone. An aqueous suspension of the adduct was steam-distilled for 44 lu 
Isolation of the non-volatile residue by filtration and crystallisation from ether-hexane gave 
pure epipregnanolone as needles, m. p. 149-151 4 “4 109-1° + 4° (¢ 0-871) (Found 


1 Meystre and Miescher, Helv. Chim. Acta, 1946, 29, 33. 
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, 7925; H, 108; O, 10-25. Cale. for C,,H,O,: C, 792; H, 10-8; O, 101%) (Meystre and 
cher? give m, p. 161—164°, (a) +-109-6° 4 4°), 
epil’regnanolone—benzophenone adduct, A solution of epipregnanolone (240 mg.) and benzo 
none (60 mg.) in ether (10 ¢.c.) was concentrated and then chilled to give colourless needles 
p. 131--132° (sinters at 128°), Crystallisation from hexane gave the adduct, 
132° (sinters at 129°), [a] + 89° + 4° (c 1-035), Aga, 2530 A (E}%, 176), Ioin. 
59) (hound; C, 80-0; H, 10-05; O, 99. 3C,,1H4,0,,C,,H,gO requires C, 80-3; 
[ajp +91-5°; EY%, at 2530 A — 176%), 
ation of the adduct from very dilute solutions results in partial cleavage (ris 
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1 OD Emax 20,000 for benzophenone; see Lraude, Ann epo 1045, 42, 126 


496. Palladised Charcoal as a Catalyst for the Reduction of 
Aromatic Nitro-compounds by Hydrazine Hydrate. 


By M. J. S. Dewar and T. More. 


INE HYDRATE has for some time been known to reduce aromatic nitro-compounds 
but it has not been used extensively since the reaction is very slow. Balcom 
recently found that the reduction is catalysed by Raney nickel, and their 
been applied to certain polycyclic nitro-compounds* which are difficult to 
o their amines efficiently otherwise. We have now discovered that a wide 
polycyclic aromatic nitro-compounds can be rapidly and smoothly reduced by 
hydrate with a more convenient catalyst, palladised charcoal. 
2-Nitronaphthalene, 1-, 2-, 3-, and 9-nitrophenanthrene, 3-nitropyrene, 2-nitro- 
chrysene, and 3-nitroperylene * were thus reduced, in each case to very pure amine, in at 
least 60°/, yield after a single recrystallisation. The reduction occurred almost instan 
taneously with nitro-derivatives of the very reactive hydrocarbons, perylene and pyrene, 
but appeared to be slower with those of the less reactive hydrocarbons. Nitrobenzene 
itself reacted very slowly indeed (reaction was incomplete after 1 hour) but p-nitroanisole 
was reduced smoothly to p-anisidine, It seems unlikely that the method will be of much 
value for the reduction of unactivated nitrobenzene derivatives. On the other hand 
8-nitroquinoline, the only heterocyclic compound tested, gave 8-aminoquinoline in good 
yield. The results are summarised in the Table 


Concn. of soln, in Reaction Solvent for 
Nitro-com pound EtOH (mg./ml.) time (min.) recrystn.* 
|-Nitronaphthalene .., 20/20 10 40-60" Pet 
apht ialene — 20/20 10 100 120° Pet 
phenanthrene 60/20 5 100 120° Pet 
ophenanthrene 60/20 10 80-—100° Pet 
Nitrophenanthrene . , 60/20 10 60.—80° Pet 
Nitrophenanthrene pastes HO/20 5 100-—-120° Pet 
vitropyrene ove ones 40/20 5 50-100" Pet 
Nitrochrysene oxenne os 25/30 10 B 
Nitroperylene , 50/50 10 B 
Nitroanisole , seeené 1000 /20 10 40-60" Pet 
NitPFOGUINOLINE — ccrcceeevees 200/20 5 80-——100° Pet 


* B =» Benzene, Pet light petroleum of b. p. indicated 


i: xperimental,-The experimental method differed from one compound to another only in 
the time allowed for reaction (56-10 min.) and in the solvent (benzene or light petroleum) for 
recrystallisation of the product. A typical procedure is as follows 

' Baleom and Furst, /. Amer, Chem. Soc., 1953, 76, 4334 


Bavin, Ph.D Thesis, Londor 1055 
* Dewar and lol . / 1056, L441 


1956) Noles. 


1-Nitrophenanthrene (60 mg.), 5% palladium-charcoal (20 mg.), and hydrazine hydrate 
(0-5 ml.) were refluxed in alcohol (20 ml.) for 5 min. The solution was filtered and the alcohol 
and excess of hydrazine hydrate were distilled. The residue recrystallised from light petroleum 
(b. p. 100-—-120°) in white needles of 1-phenanthrylamine (32 mg.), m. p. 144—145°, 


One of us (T. M.) is indebted to the Department of Scientific and Industrial Research for a 
Maintenance grant 
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497. 3: 4-Dihydro-4-phenyl-carbostyril and -isocarbostyril and 
Some of their Derivatives. 
By (Miss) E. F. M. Srepuenson. 


FoR purposes of comparison it was necessary to prepare 3: 4-dihydro-4-phenylearbostyril 
and -tsocarbostyril. 4-Phenylearbostyril has previously been obtained most conveniently 
by the cyclisation of N-(benzoylacetyl)aniline by various methods; this is now shown 
to give better results on a small scale when polyphosphoric acid is used. Its reduction 
to the dihydro-compound could not be effected catalytically but was readily accomplished 
by using sodium amalgam; and the reverse change was smoothly brought about by 
palladium black. The dihydro-compound has also been prepared, but in inferior yield, 
from 3-phenylindanone by the Schmidt reaction; the 3-phenylindanone was obtained by 
the cyclisation of ¢6-diphenylpropionic acid with polyphosphoric acid, which gives better 
results than concentrated sulphuric acid and, on a small scale, is more convenient than 
cyclisation of the acid chloride with aluminium chloride. Cyclisation of the ethyl urethane 
from 2: 2-diphenylethylamine with polyphosphoric acid gave 3: 4-dihydro-4-phenyliso 
carbostyril in fair yield. The preparation of 3 ; 4-dihydroisocarbostyrils by the cyclisation 
of the urethanes from phenethylamines has been little used ;* with polyphosphoric acid as 
the cyclising agent the method may prove of wider use. Dehydrogenation with palladium 
black gave 4-phenylisocarbostyril in good yield. 


Experimental,-M. p.s marked * were determined on a Kofler hot-stage microapparatus 
Microanalyses were made by the C.S.1.R.O, Microanalytical Service. Temperatures quoted for 
sublimations refer to the heating-bath. The phosphoric acid used in the preparations of poly- 
phosphoric acid had d 1-75, 

4-Phenylcarbostyril. (a) Toa solution of phosphoric oxide (63 g.) in phosphoric acid (36 ml.) 
at 105°, N-(benzoylacetyljaniline (2-39 g.) was added rapidly, and the internal temperature 
of the stirred mixture was raised from 123° to 143° during 4 hr. (oil-bath), The hot, clear 
yellow solution was poured on crushed ice, and after 5-6 hr. crystallisation of the product was 
complete. After collection and crystallisation from aqueous ethanol, the carbostyril (1-55 g.), 
m, p. 259-—261°, was obtained. 2-Chloro-4-phenylquinoline prepared therefrom with 
phosphoryl chloride! had m, p. 91-—92°. (b) A mixture of 3: 4-dihydro-4-phenylcarbostyril 
(100 mg.) and palladium black (50 mg.) was heated at 250° (bath) for 35 min. while a steady 
stream of nitrogen was passed through the apparatus. Much of the product was collected by 
sublimation during this heating, and the rest was recovered by sublimation at 210°/0-4 mm 
After crystallisation from ethanol the product (55 mg.) was identified as 4-phenylearbostyril by 
m. p. and mixed m. p. A further 20 mg. was recovered from the filtrate 

3: 4-Dihydro-4-phenylcarbostyril, (a) To a solution of 4-phenylearbostyril (0-88 g.) in 
ethanol (80 ml.) and water (12 ml.) at room temperature, 2°, sodium amalgam (55 g ) was added 
during } hr. with shaking. After 2 hours’ further shaking the supernatant suspension was 
decanted, diluted with water (200 ml.), and acidified with hydrochloric acid. After 4 hr. the 
precipitate was collected and purified by sublimation at 190--210°/0-2 mm. and by crystallis 
ation from aqueous ethanol, The product (0-76 g.) formed colourless prisms, m, p. *180 
180-5° (Found; C, 81-0; H, 5-9; N, 63; O, 7-6. C,,H,,ON requires C, 80-7; H, 6-9; N, 63; 
O, 7:°2%). The carbostyril was recovered unchanged from attempts to reduce it with hydrogen 


1 Hauser and Reynolds, / Amer. Chem. Soc,., 1948, 70, 2404 
? lor references see ‘' Organic Reactions,’ Wiley, New Yor 1951, Vol. VI, p. 78 
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(1 atm.) and 20% palladium-—charcoal, palladium black, or Raney nickel (W-4 catalyst). 
Spath et al.* reduced carbostyril to 3: 4-dihydrocarbostyril with hydrogen (1 atm.) and a 
palladium catalyst, and in the present work the same reduction was smoothly effected with 
hydrogen (1 atm.) and Kaney nickel (W-4) catalyst. 

(b) Powdered sodium azide (0-58 g.) was added with stirring to 3-phenylindan-l-one (1-04 g.) 
in chloroform (30 ml.) and concentrated sulphuric acid (3 ml.) during 10 min., the temperature 
rising from 20° to 26°. The mixture was then kept at 40° for Ll hr. The chloroform layer was 
then decanted and the sulphuric acid layer (which contained the products) decomposed with 
crushed ice (emulsion formed), After 24 hr. the oily product was washed by decantation, dried, 
and extracted with boiling benzene (2 x 15 ml.). After some hours the first extract deposited a 
crystalline product which after sublimation at 190°/0-4 mm. and crystallisation from benzene 
save 3: 4-dihydro-4-phenylcarbostyril (185 mg.), identified by m. p. and mixed m. p. Con 
centration of the filtrate together with the second benzene extract gave another 90 mg 

3-Phenylindanone lo a solution of phosphoric oxide (70 g.) in phosphoric acid (40 ml.) at 
105°, 6(-diphenylpropionic acid (4-52 g.) was added rapidly and the mixture was kept at 105 
110° for 4 hr, with stirring rhe hot mixture was poured on crushed ice, and the emulsion 
partially neutralised with sodium hydroxide, After 6 hr. the precipitate was collected and 
tirred with sodium carbonate solution to remove unchanged acid (0-45 g.). The remaining 
ketone (3-6 @.) was further purified by sublimation at 155°/0-4 mm. and crystallisation from light 
petroleum (60-8%0°), The white crystalline product (2-88 g.) had m, p. 78:-5—79-5°. 

3: 4-Dihydro-4-phenylisocarbostyril, To a solution of phosphoric oxide (21 g.) in phosphori 
acid (12 ml.) at 110°, the ethyl urethane from 2: 2-diphenylethylamine (1-47 g.) was added 
rapidly and the internal temperature of the mixture was raised to 148° during 50 min. with 
tirring The hot, pale brown solution was poured on crushed ice. After 6 hr. the product was 
collected, digested with sodium hydroxide solution, and collected again. The product (0-93 g.), 
after sublimation at 170—-180°/0-2 mm. and crystallisation from benzene, was obtained as white 
crystals, 0-65 g., m. p. *173-5---174° (Found; C, 80-6; H, 5-6; N, 5-9. C,,H,,ON requires C, 
80-7; H, 50; N, 63%). The 2: 2-diphenylethylamine was characterised as the hydrochloride, 
m, p, 259-—261°, the ethyl urethane, m, p. *70—-71° (Found: C, 76-5; H, 7-0; N, 5-0; O, 12-1 
Cale, for C,,H,O,N: C, 75-8; H, 7-1; N, 5&2; O, 11-9%), and the diacetyl derivative formed 
from the hydrochloride, anhydrous sodium acetate, and boiling acetic anhydride. The last, 
after being stirred with a little ethanol, sublimed at 190°/0-4 mm., and crystallised from aqueous 
ethanol, formed colourless parallelepipeds, m. p. *96—-97° (Found; C, 77-5; H, 6-8; N, 5-0; 
O, 11-7. C,,H,O,N requires C, 769 H, 6-8; N, 5-0; O, 11-4%). 

4-Phenylisocarbostyril. A mixture of the preceding compound (200 mg.) and palladium 
black (100 mg.) was heated at 255--265° while a steady stream of nitrogen was passed through 
the apparatus Che product (170 mg.), collected mainly by sublimation during this heating and 
partly by sublimation at 225°/04 mm, After sublimation at 190-—205°/0-5 mm. and crystallis- 
ation from ethanol the product formed colourless prisms, m. p, *243-5—244-5° (Found: C, 
81-9; H, 52, Cy,H,,ON requires C, 81-4; H, 5-0%). 

CuemMistry DerrparTMENT, UNIVERSITY OF MELBOURNE, 
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498. Some Derivatives of Kojie Acid, 
By M. G. Browy, 


fue syntheses described in this Note, and carried out five years ago, were directed mor 
especially to obtain some of the w-substituted derivatives of kojic acid (1), This work 
incidentally confirms the m. p. of “ allomaltol"’ ([I]) and 5-benzoylkojic acid (XIII) 
recently recorded by Beélik and Purves! as correcting previous values; also that of one 
of their new derivatives, w-benzoylkojic acid (XI). New preparations of “ allomaltol ” 
and w-acetyl- (VII) and w-benzoyl-kojic acid are recorded. 

Yabuta * reduced chlorokojic acid (I1) to “ allomaltol"’ (III) with zine and acetic acid. 


' Beéhk and Purves, Canad, J. Chem., 1956, 33, 1361 
Yabuta, /., 1924, 126, 575 
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This reduction has now been performed catalytically with hydrogen and Raney nickel or 
palladised charcoal. The product was identified by its m. p. and the ferric chloride colour 
and as its 5-methy! ether (IV) and 5-benzoyl ester (V).".%* Although catalytic reduction 
of kojic acid itself results in addition of hydrogen to the pyrone ring,* it appears that 
reduction of the chloromethyl group in chlorokojic acid is easy relative to that of the ring. 
rhis is in contrast to Campbell, Ackerman, and Campbell's finding * that catalytic reduction 
of w-chloro-5-methylkojic acid (VI) was not sufficiently selective 


R = H, R’ = OH (VIII) Ac, R’ = OAc. 
1°) R = H, R’ = Cl (IX) Me, R’ = OAc. 
R = H, R’ = H (X) R = Bz, R’ « OBz. 
RO '\ R = Me, R’ = H (XI) H, R’ = OBz 
| | , R Bz, R’ H (X11) = Bz, R’ = OAc. 
CHR R = Me, R’ = Cl (XI Bz, R’ = OH 
R H, R’ OAc (XIV) R Tosyl, R’ « OH 


Hurd and Sims ® prepared w-acetylkojic acid (VII) by heating kojic acid with aluminium 
chloride and acetyl chloride, and by heating the di-O-acetylkojic acid (VIII) with alu- 
iminium chloride. Partial hydrolysis of the diester may be more conveniently performed 
by Nierenstein’s method.* Di-O-acetylkojic acid, when treated with one equivalent of 
piperidine in pyridine, yielded the w-acety!l ester’ the presence of a free phenolic group 
was shown by the ferric chloride colour and formation of a methyl ether (1X). 

Di-O-benzoylkojic acid (X), similarly treated, gave w-O-benzoylkojic acid (XI). 
rhe m. p. of these two w-substituted esters are close to those recorded by Beélik and Purves,! 
who carried out analogous partial hydrolyses of w-O-acetyl-5-O-benzoylkojic acid (X11) 
and of the dibenzoyl ester using hydroxylamine hydrochloride 

5-O-Benzoylkojic acid (XIII) and 5-0-toluene-p-sulphonylkojic acid (XIV) were 
prepared by treating cooled solutions of kojic acid in pyridine with one equivalent of the 
appropriate acid chloride. 


Experimental,—alloMaltol (5-hydroxy-2-methyl-4-pyrone) (111). Chlorokojic acid? (10-2 g.) 
in ethyl alcohol (150 ml.) was hydrogenated at room temperature and pressure in the presence 
of anhydrous sodium acetate (8-2 g.) and Raney nickel (uptake, 1350 c.c.; theor,, 1435 c.c.) 
After filtration and removal of the ethanol under reduced pressure, the residue was recrystallised 
from ethyl acetate, to give colourless prisms of “ allomaltol,’’ m. p, 152-—-153° (Found: C, 57-1; 
H, 4°85. Cale, for C,H,O,: C, 57-1; H, 48%) 

The Raney nickel may be replaced by palladised charcoal 

5-Methoxy-2-methyl-4-pyrone (IV). ‘ alloMaltol"’ (2-5 g.) was added to ethereal diazo 
methane (from 30 g. of methyl-N-nitrosourea). Solvent and excess of diazomethane were 
removed under reduced pressure after 16 hr. The residue on distillation gave a colourless oil, 
b. p. 165—167°/20 mm., solidifying on cooling. Recrystallisation from light petroleum (b. p. 
40--60°) gave the ether as blades, m, p. 68--69°, which did not give a ferric chloride colour, 

5-Benzoyloxy-2-methyl-4-pyrone (V). ‘ alloMaltol"’ in pyridine was refluxed with benzoyl 
chloride (one equiv.) for 0-5 hr. Addition of the cooled solution to an excess of 2n-hydro 
chloric acid precipitated the 5-benzoate, needles, m. p. 128-—128-5° (from water) (Found: C, 67-8; 
H,4-9. Cale. forC,,H,,O,: C, 67-8; H, 4.35%) 

2-Acetoxymethyl-5-hydroxy-4-pyrone (VII), Di-O-acetylkojic acid * (3-0g.) and piperidine 
(1-0 g.) in pyridine (20 ml.) were set aside at room temperature for 20 hr. Addition of the 
mixture to cooled 2n-hydrochloric acid precipitated w-O-acetylkojic acid, needles, m, p. 136— 
*$7° (from ethyl acetate) (Found: C, 52-1; H, 4-5. Cale. for C,H,O,: C, 52-2; H, 435%) 

2-Acetoxymethyl-5-methoxy-4-pyrone (IX). w-O-Acetylkojic acid was added to moist ethereal 
diazomethane, After 3 hr. at room temperature the ether was removed and the residue 
recrystallised from ethyl acetate, to give w-O-acety|-5-O-methylkojic acid, prisms, m, p. 125 
126° (Found: C, 55-0; H, 62. Cale. for C,H,,0,: C, 54-5; H, 505%), which did not give a 
ferric chloride colour 

* Campbell, Ackerman, and Campbell, /. Org. Chem., 1950, 15, 221 

* (a) Wijkman, Z. physiol. Chem., 1924, 182, 104; (4) Traetta-Mosca, Ann. Chim. applicata, 1914, 1, 
477; (c) Armit and Nolan, /., 1931, 3023 

5 Hurd and Sims, /. Amer. Chem. Soc., 1949, 71, 2440 

* Nierenstein, thid., 1930, §2, 4012 

Kipnis, ibid., 1948, 70, 4264 
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6-Benzoyloxy-2-benzoyloxymethyl-4-pyrone (X). A solution of kojic acid (3-2 g.) and benzoy! 
chloride (6-5 g.) in pyridine (20 ml.) was refluxed for 1-5 hr. Addition of the cooled solution to 
5n-hydrochloric acid precipitated the di-O-benzoylkojic acid, which crystallised from ethyl 
acetate as prisms, m. p. 134-——-135° (Found; C, 68-4; H, 4-1. Calc. for CygH,,O,: C, 68-5; 
H, 40%) 

2-Benzoyloxymethyl-b-hydroxy-4-pyrone (X1). The di-O-benzoylkojic acid (1-0 g.) and 
piperidine (0-24 g.) in pyridine (20 ml.) were kept at room temperature for 20 hr., then added to 
2n-hydrochloric acid. The precipitated w-O-benzoylkojic acid recrystallised from ethyl alcohol 
as prisms, m. p. 176—178° (Found: C, 63-9; H, 3-95. Calc. forC,,H,,O,: C, 63-4; H, 41%). 
Kefluxing the solution, or replacing the pyridine by methanol, did not alter the yield 
nificantly 

6-Benzoyloxy-2-hydroxymethyl-4-pyrone (XIII). Benzoyl chloride (17-2 g.) was added 
lowly to a cooled solution of kojic acid (18-0 g.) in pyridine (100 ml.) and the solution kept 
at room temperature for 13 hr., then added to 5n-hydrochloric acid. The precipitated 5-O- 
benzoylkojic acid recrystallised from ethyl acetate as prisms, m. p. 145-—146° (Yabuta* gives 
m, p, 136°) (Found; C, 63-8; H, 45%). 

2 - Hydvroxymethyl-6-toluene-p-sulphonyloxy-4-pyrone (XIV) (cf. Tipson*). Toluene-p- 
sulphony! chloride (15 g.) was added to a solution of kojic acid (10 g.) in pyridine (100 ml.) at 

h Che mixture was kept for 2 hr, at 0°, then for }2 hr, at 10°. After dilution at 0° with 
water (200 ml.) the solution was extracted with ethyl acetate several times, and the combined 
extracts were dried, After removal of the solvent the residue was recrystallised from ethyl 
acetate to give the ester as prisms, m. p. 145--147° (Found: C, 52-6; H, 39; 5, 10-75. 
Cy,H,,0,5 requires C, 52-8; H, 4-05; S, 108%), which did not give a ferric chloride colour 


[he author thanks the Department of Scientific and Industrial Research for a maintenance 
rant, Dr. J. A. Barltrop for bringing kojic acid to his attention, and Mr. Tutsuaki Hirai for 
translating a paper by Yabuta 
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499. 11-Sulphoundecanoic Acid. 
By W. Ricpy. 


Apprrion of sulphurous acid to undecenoie acid yields 11-sulphoundecanoie acid, identical 
with that resulting from the oxidation of 11-disulphidoundecanoic acid; the acid prepared 
by Cohen, m. p. 65°, is a hydrate. Some derivatives of the acid are described below. 


E-xperimental,-11-Sulphoundecanoic acid, Sulphur dioxide (9 g.) was passed into a 
solution of undecenoic acid (14 g.) and potassium hydroxide (40 g.) in water (200 ml.). The 
solution was left overnight, potassium chloride (20 g.) was dissolved in it, and it was then acidified 
strongly with hydrochloric acid; the product separated as pearly plates, Ether (100 ml.) was 
added and after a few hours the suspension was filtered and the solid was washed with 10% 
potassium chloride solution, alcohol, and ether, Kecrystallisation from dilute hydrochloric acid 
containing o% 
decanoate (9 g.), m. p, 180-—-182°. Barium chloride dihydrate (40 g.) in water (125 ml.) was 
added to a solution of this salt (72 g.) in hot water (400 ml1.). The precipitated barium dihydrogen 


of potassium chloride gave almost pure potassium hydrogen 11-sulphoun 


salt (44-3 g.) was filtered from the warm liquor, washed with water, alcohol, and ether, and dried 
at 100°; it formed microscopic spherules, m. p. ca. 320° (ound ja, 20-3 CogH yO 1.5,Ba 
requires Ba, 206%). The dried barium salt was suspended in water (1 1.) and was stirred (hot) 
with the calculated amount of sulphuric acid, Acid-washed charcoal (15 g.) and acid-washed 
kieseleuhr (100 @.) and hydrochloric acid (20 ml.; 2Nn) were added and the boiling solution was 
filtered through kieselgulhr rhe crystalline mass which was obtained on evaporation (there is 
much charring if traces of sulphuric acid are present) was recrystallised from ethyl acetate 

benzene, ether—benzene, or concentrated hydrochloric acid, to give leaflets or needles of 


' Cohen, /., 1932, 503 
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11-sulphoundecanoic acid hydrate, m, p. ca, 65° (Found , 48-3; H, 87. C,,HyO,S,sH,O 
requires C, 48-0; H, 84%). Drying in a vacuum at 45-—-50° gave the anhydrous acid, m. p 
ca. 99° (Found: C, 49-4; H, 8-55%; equiv., 267. C,,H,,0,5 requires C, 49-6; H, 83%; 
equiv., 266) Che dimethyl ester (prepared by diazomethane) formed platelets, m. p, 42°, from 
cyclohexane (Found; C, 52-8; H, 8-7. C,,H,,0,S requires C, 53-0; H, 8-9%). The acid gave 
the following salts: potassium hydrogen salt, platelets (from dilute hydrochloric acid), m. p 
195—-197° (Found: C, 43-4; H, 6-8; 5,94; K, 12-5. C,,H,,O,SK requires C, 43:4; H, 6-95; 
S, 10-5; K, 12-8%) (solubility 2% at 20°, 1-4% at 0° in water; 1-7% at 20°, 11% at 0° in 
0-5n-hydrochloric acid) (salt may be crystallised from 10N-hydrochloric acid, or even 20N 
sulphuric acid with little loss). Dipotassium salt, crystallised from aqueous methanol, m. p 

- 360° (Found: C, 38-8; H, 58. C,,H,O,SK, requires C, 38-6; H, 59%). Sodium hydrogen 
salt, platelets (from dilute hydrochloric acid), m. p. 215° (Found: equiv., 201, C,,H,,O,SNa 
requires equiv., 288) (solubility 2-3%, at 20° in water; 1-1% at 0° in dilute hydrochloric acid) 
Manganese dihydrogen salt {a solution of the potassium hydrogen salt (0-5 g.) and manganese 
sulphate (0-8 g.) in water (15 ml.) was acidified with 20n-sulphuric acid (5 ml.). The salt 
(0-44 g.) crystallised at once as prisms, m. p. 300-—-305° (Found: C, 445; H, 7-4; Mn, 94 
CogH yO 195,Mn requires C, 45-1; H, 7-2; Mn, 9-4%) [unlike the potassium hydrogen salt, it 
gave an immediate precipitate when silver nitrate (1 equiv.) was added to its aqueous solution} 
Disilver salt (the salt slowly (days) crystallised when a large excess of silver nitrate was added to 
an aqueous solution of the potassium hydrogen salt}, m. p, ca, 285° (decomp.) (Found ; C, 28-0; 
H, 4:3; Ag, 446, C,,H,,O,SAg, requires C, 27-5; H, 4:2; Ag, 44-95%). Aniline hydrogen 
salt, leaflets (from 2n-hydrochloric acid), m. p. 128° (Found: C, 563; H, 80; N, 5-1 
C,,H,,0,NS requires C, 56-81; H, 8-1; N, 3-9%). 

The aniline salt of the anilide was prepared by boiling the acid with aniline for 1 hr,; it 
formed needles, m. p. 168—170°, from alcohol [Found : C, 63-5; H, 7-8; N, 64%; equiv, (by 
titration with sodium hydroxide), 434. C,,H,,O,5N, requires C, 63-6; H, 7; N, 645%; 
equiv., 434]. The sodium salt of the anilide, which crystallised during the titration of the 
previous substance, formed needles (from alcohol), m. p. ca. 250° (decomp.) (Found: C, 56-2; 
H, 7-2; N, 3-4. C,,H,gO,NSNa requires C, 56-2; H, 7-2; N, 3-85%). The anilide hydrate 
crystallised in needles, m. p. 103°, from dilute hydrochloric acid (Found: C, 56-65; H, 7-8; 
N, 3-65. C,,H,,O,NS,H,O requires C, 56-8; H, 81; N, 3-9%). 

11-Chlorosulphonylundecanoic acid, Potassium hydrogen 11-sulphoundecanoate (3 g.) was 
boiled with purified thionyl chloride (10 ml.) and pyridine (1 drop) for 2 hr. The excess of 
thionyl chloride was evaporated, the residue was shaken with hot water and benzene, and the 
benzene solution was evaporated, Extraction of the residue with boiling light petroleum (b. p 
60—80°) and recrystallisation from ethyl acetate-light petroleum gave 11-chlorosulphonyl 
undecanoic acid, as plates, m. p. 62-5—-63°; the substance is stable to air. Alternatively the 
oily impurities could be removed by chromatography on silica with benzene containing 1% of 
alcohol (Found : C, 47-1; H, 7-4; Cl, 12-4. C,,H,,O,SCI requires C, 46-3; H, 7-5; Cl, 124%) 
Keaction of the sulphonyl chloride with aniline gave the sulphonanilide, m. p. 113-— 114° (Found 
C, 59-85; H, 7-7; N, 4:1. C,,H,,O,NS requires C, 59-8; H, 8-0; N, 41%), and with ammonia 
gave the sulphonamide, platelets (from water or aqueous alcohol), m. p, 127-—-120° (Found: C, 
50-1; H, 86; N, 63. ¢ 1p HygO,NS requires C, 49-8; H, 8:7; N, 63%) When the sulphon 
amide was titrated with sodium hydroxide, only approx. half an equivalent of the base was 
required and an acid sodium salt (m. p. 152—154°) of the amide crystallised from the alcoholic 
solution (Found: C, 50-8; H, 8-9. C,,H,,O,NSNa,C,,H,,O,NS requires C, 47-8; H, 82%). 

11-Bromoundecanoic acid * (m. p. 49---50°) was converted through 11-disulphidoundecanoi 
acid (m. p. 91°) into 11-sulphoundecanoic acid by Cohen's method.!’ The product, crystallised 
from concentrated hydrochloric acid, had m. p. ca. 65° as found by Cohen When this material 
was dried under reduced pressure with the temperature gradually raised to 90°, the anhydrous 
acid, m. p. 95—99°, was obtained, There was no depression of m. p. when samples of the 
hydrated acids, the anhydrous acids, the potassium hydrogen salts, and the dimethyl esters 


from 1 two sources respectively were mixed 
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500. A Crystallographic Study of Trimethylsulphonylmethane. 


By S. C, ABRAHAMS and J. C. SPEAKMAN 


fue bond distribution in trimethylsulphonylmethane,’ CH(SO,*Me),, about the central 
carbon atom has been investigated by Gibson? and by Béhme and Marx! by chemical 
methods, in both cases inconclusively. During a detailed X-ray structure analysis of these 
crystals, we observed an unusual type of diffuse scattering. 

lhe crystals separating from a large volume of hot water consist of elongated hexagonal 
prisms, belonging to the rhombohedral system and with lattice constants, expressed in 
terms of hexagonal axes: a = 12-89 +. 0-02, ¢ = 9-53 4+. 0-02 A, at 291°K. The measured 
density is 1-830 g./c.c.; and six molecules in the cell, of volume 1370-3 A’, would corre 
spond to_a density of 1-820 g./c.c.  Reflexions occur in hkil only when 4 — k +- 1 = 3n; 
and in AhOl only when l = 2n. The space group is therefore R3c (C%,) or R3c (Dé,), the 
latter being very unlikely on stereochemical grounds. The former space group embodies 
three-fold axes parallel to [c|, and the molecules are situated on these axes at intervals of 
c/2 (~48 A). The strict space-group requirement would be for the molecule itself to 
possess a trigonal axis, along which the unique C-H bond must lie. Either a planar or a 
pyramidal arrangement of the three -SO,*Me groups would be permissible. The diffuse 
scattering must imply some deviation from this idealised structure or from its regularity 
of repetition 

The remarkable diffuse scattering is illustrated in the Plate. It consists of diffuse spots 
around points in the reciprocal lattice at which reflexions are forbidden by the space group 
assigned by consideration of the sharp (Bragg) reflexions. These diffuse spots are linked 
by intense diffuse ridges, forming a honeycomb of diffuse hexagons around the sharp spots. 
[here appears to be no report in the literature of similar diffuse scattering by organi 
crystals. It might arise either from thermal motions of the atoms, or from disorder in 
the lattice. The former type of scattering is strongly dependent on temperature ; and ac- 
cordingly X-ray photographs were taken at 78° K, with equipment based on a design by 
Abrahams and Calhoun.’ Since the diffuse scattering was still as pronounced as at room 
temperature, it must be due to disorder. The heat-capacity curve (see following Note) 
shows no anomaly between 20° and 300° k, so that the disorder must be “ frozen in ’’ below 
room temperature. 

Ihe lattice constants at 78° K are a 12-78 + 0-02, ¢c = 9-45 +003 A. The lattice 
therefore undergoes an approximately isotropic contraction from 291° kK, the volume falling 
by about 24%, 

It has recently come to our attention that an investigation of the erystal structure of 
the ammonium salt of trimethylsulphonylmethane has been undertaken by Dr. K. Hoog- 
steen.* 

Thanks are offered to Messrs. G. M. D. Stewart and E. W. Addison who recorded the first 
X-ray diffractions for this crystal, to Messrs, A. O. Brooks and J, Rae for building the low- 
temperature equipment, to Dr, D. T,. Gibson for providing the crystals and for drawing attention 
to this problem, and to Professor J. M. Robertson, F.R.S., for his interest. 


Tun University, GLascow, W.2 Received, January 30th, 1956 
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501. Heat Capacity and Entropy of Trimethylsulphonylmethane, 


By T. Davies and L. A. K. STAVELEY 


MEASUREMENTS have been made of the molar heat capacity C, of crystalline trimethyl- 
sulphonylmethane between 22° k and room temperature. These measurements were 
undertaken at the request of Dr. 5. C. Abrahams, as X-ray diffraction photographs 
suggested that at room temperature there is some disorder in the erystal, and it was there 
fore of interest to discover whether it undergoes transitions at a lower temperature. 

[The measurements were made in a low-temperature adiabatic calorimeter which will 
be described in detail elsewhere. This calorimeter was constructed to give results of 
reasonable accuracy from relatively small quantities. The trimethylsulphonylmethane 
used (4-0475 g.) (Found: S, 38-49%; equiv., 251, 253. Cale. for CyHygO,.S,: 5, 384% ; 
equiv., 250-3) had been prepared by Dr. G. T. Gibson at Glasgow; the most likely impurity 
was considered to be (CHg*5O,)gCHy, a very much weaker acid, so that from the equivalent 
weight determination it seems certain that the sample used was at least 90%, pure. 

The heat-capacity results are presented in Table 1, where the thermochemical calorie, 
4-1840 abs. joules, is used. Smoothed values at 10° intervals are given in Table 2, The 
precision is estimated at +-0-3°% above 60° k, and 41°, below 60° k. 


) 


PaBLeE 1. Measured heat capacity C, of trimethylsulphonylmethane in cal 
mole* deg-* {1 cal 4:1840 joule (abs.) 


l b T (°K) ("K ly sf , / K 

22-01 54-90 26°24 3h IS1-°38 Sew! ‘ 2: 5540 
25-17 5o- 56 27°47 2 { : 1hO-36 2 26 56-64 
28-82 64-00 20-02 ‘ ) 38-2 196-21 2 ’ HO 
33-00 69-20 30-22 a7 j 205-27 2704 OO-08 
37-06 74-21 31-68 21413 | 2 GIRS 
40-77 THRS 33-09 ) 223-07 652-43 202 O4-65 
44-05 84°20 99 34°33 6-7 : 232-10 
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TABLE 2. Smoothed C,, values at 10° intervals in cal. mole deg -*. 


- } 
Cy T (°K) Up T (°K) T (°K Cc, 5 Cy 1 
3°78 70 20-24 120 3: 170 13-85 1-86 270 
6-66 80 23°36 130 S61: Iso | S447 280 
9-95 vO 26°25 140 $828 190 $712 5507 200 
13-46 Loo 25-01 150 2% 200 1-67 56-70 208-16 
16-92 L110 S147 160 42-11 210 25 58-31 300 64-75 


A plot of C, against temperature shows no transition in this range, and no region in 
which the heat capacity is obviously anomalou since Dr, Abrahams has found that 
the diffuse scattering in the X-ray diffraction pattern is just as pronounced at 78° K as at 
205° k, disorder must persist in the crystal over the whole range of the C, measurements, 
and the solid presumably possesses residual entropy at 0° K.. From the C, results, the 
value for the entropy difference for the actual crystal between 0° and 298-16" K is 72-8 cal 
mole! deg.-1, of which the contribution from 0° to 20° k of 2-4 e.u. was estimated by 
graphical extrapolation 

We are grateful to Imperial Chemical Industrie nited and to Messrs, Albright and 
Wilson, Ltd., for financial assistance, and to the artment of Scientific and Industrial 
Research for a Maintenance Allowance (to T. D 
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502. Uhe Preparation of 7-Methyl-2-naphthol. 
By T. G. HALsaLy and D. B. THomas. 


KeceNTLY an authentic sample of 7-methyl-2-naphtho! (1) was required for comparison 
with a methylnaphthol, m. p. 118—120°, which was believed to have this structure.! 
Ihe sole reference to 7-methyl-2-naphthol is by Shreve and Lux * who give m. p. 101°. 
Repetition of their procedure afforded a methylnaphthol, m. p. 105-5—107°. Their 
method involved sulphonation of 2-methylnaphthalene at 160° and alkaline fusion of the 
resulting sulphonic acid. By sulphonation at 90—-95° Shreve and Lux #® obtained the 
known 6-methylnaphthalene-2-sulphonic acid (Il). To prove that they had obtained the 
7-methyl derivative (III) at 160° the acid was oxidised with potassium permanganate, 
and the product was fused with potassium and sodium hydroxides at 170-—-180° to give 
4-hydroxyphthalic acid (IV), These results only indicate that the high-temperature 
sulphonation product was probably either 6- or 7-methylnaphthalene-2-sulphonic acid or 
a mixture of the two. In view of this, 7-methyl-2-naphthol has been prepared by de- 
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methylation of 2-methoxy-7-methylnaphthalene which was synthesised by Mitter and De’s 
method". The melting point of this ether is 87:-5-—-88-5°. Shreve and Lux? give m. p. 
78°, which is also the melting point (78--79°) given for the methyl ether of 6-methyl-2 


naphthol 3, 4 


E-xperimental.-M. p.s were determined on a Kofler block and are corrected 

*.Methoxy-1-methylnaphthalene, This was prepared according to Mitter and De’s method," 
except that y-p-methoxyphenyl-a-methylbutyric acid was cyclised by thionyl chloride, followed 
by aluminium chloride, The ether crystallised as plates (from aqueous methanol), m. p. 
87:5 -—88-5 The 2: 4-dinitrophenylhydrazone of 1:2: 3: 4-tetrahydro-7-methoxy-2-methyl- 
l-oxonaphthalene melted at 239° (Found: C, 68-256; H, 4:85; N, 15-05. C,,H,,O,N, requires 
C, 568-35; H, 40; N, 16-1%) 

7-Methyl-2-naphthol (1), 2-Methoxy-7-methylnaphthalene (1-6 g.), 46% hydrobromic acid 
(3 c.c.), and acetic acid (5 c.c.) were heated under reflux for 2 hr. The solid which separated on 
cooling crystallised from aqueous acetic acid as plates, m. p, 110-——1156°, These were sublimed 
under reduced pressure, to give 7-methyl-2-naphthol, m. p. 118° (Found: C, 83-15; H, 6-45. 
yo requires C, 83-5; H, 64%). 
ulphonation of 2-methylnaphthalene at 160°.2 2-Methylnaphthalene (20-5 g.) was heated 
with concentrated sulphuric acid (20-5 g.) at 160-—-170° for 5 hr. The mixture was then filtered 
and the filtrate made alkaline with sodium hydroxide solution, The sodium salt of the sulphonic 
acid was precipitated and filtered off. The salt (5 g.) was treated with sodium hydroxide 
(20 .) and water (2 c.c.) at 250°. The temperature was raised to 315° during 5 min, and after 
this temperature had been maintained for several minutes the mixture was added to cold water, 


( TL 


' Halsall and Thomas, /., 1956, 2431 

r SI) e and Lux, Jnd. Eng. Chem., 1943, 35, 306 

* Mitter and De, /. Indian Chem. Soc., 1939, 16, 199 
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Hydrochloric acid then precipitated a naphthol which crystallised as plates, m. p. 105-5-—-10"° 


(after several recrystallisations from aqueous methanol), depressed on admixture with 7-methyl- 
2-naphthol. 


The authors thank the Department of Scientific and Industrial Research for a maintenance 
grant to one of them (D. B. T.), and Mr. FE. S. Morton for the microanalyses, 
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503. The Preparation and Properties of Some Plutonium 
Compounds, Part IV.* Crystalline Plutonium Nitrate. 


By J. L. Drummonp and G. A. WELCH. 


CUNNINGHAM ! reported that a gummy semicrystalline solid phase is formed when a con 
centrated solution of quadrivalent plutonium in |-—4M-nitric acid is evaporated, and that 
neither the anhydrous nitrate nor a hydrate of definite composition is known. Double 
salts, of the type M,Pu(NO,), with ammonium or an alkali metal, can be prepared from 
mixtures of the respective nitrate solutions in the correct proportions 
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We have found that a concentrated solution of plutonium tetranitrate in nitric acid will 
deposit well-formed crystals when it is allowed to evaporate at room temperature over a 
period of months. When crystal nuclei have formed or have been added, the rate of 
crystallisation can be increased by evaporating the solution in a current of air. 

Chemical and spectrographic analysis has shown that plutonium is the only cation and 
that nitrate is the only anion present in the crystal The crystals are not, therefore, 
related to the double salts referred to above, and were found to be plutonium tetranttrate 
pentahydrate. Plutonium was determined by ignition to oxide at 870", nitrate by ammonia 
distillation, and water by Karl Fischer titration corrected for the reduction of the plutonium 

Found: Pu, 41-5; NO,~, 42-9; H,O, 150. Pu(NO,),,5H,O requires Pu, 41-4; NO, 
13-0; H,O, 156% 

The small crystals are green but those larger than 1 mm. are shiny black prisms, They 
give a well-defined but complex X-ray diffraction powder photograph of a form which has 
not yet been identified. The crystals are fairly stable at room temperature, although afte: 
ome months slight efflorescence was apparent; samples exposed to air dried by silica gel 
or to air at normal laboratory humidity, showed less than 005% change in weight after 
3 days. They are readily soluble in water; a dilute solution is brown, rapidly changing to 
green as colloidal plutonium is formed.* The concentrated aqueous solution remains 
brown, as the colloid is not formed in solutions of high nitrate-ion concentration, The 


; 


* Part ITI, J/., 1956, 781 


1 Cunningham, “‘ The Actinide Elements,” MeGraw-Hill Book Co. Inc., New York, 1954, p, 412 
* Ockenden and Welch, unpublished work 
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crystals form a green solution with concentrated nitric acid, this colour being due to the 
nitrate complex of plutonium. The solutions in acetone and ether are also green. 

The effect of heat on the crystals was studied by using a silica-spiral thermobalance.* 
rhe sample began to lose weight at 40°, to decompose visibly at 60°, and to melt, or dissolve 
in the water of crystallisation, at 95—100°. The decomposition became rapid at 100°, 
and a rather unstable intermediate product was formed between 150° and 220°. At the 
latter temperature, decomposition was again rapid, and the final product was oxide (see 
the Figure), 

Preparation of the intermediate decomposition product was attempted but no 
reproducible compound was obtained. A grey-green solid formed at 150—180°, containing 
9-64, of plutonium with 1-7—1-4 equivalents of nitrate per mole. It was hygroscopic 
and became fawn on exposure to moist air. It dissolved completely in water, and the 
absorption spectrum of the solution was identical with that of plutony] nitrate, PuO,(NOs)., 
reported by Hindman.* On addition to 5m-nitric acid, it formed a solution of plutony! 
nitrate, together with a precipitate of hydrated oxide. This intermediate decomposition 
product is believed to be a basic plutony] nitrate. 

The possibility of using the plutonium tetranitrate crystals as an analytical standard 


compound is being considered, 
Acknowledgment is made to the Managing Director of this Group of the U.K. Atomic 
I’nergy Authority for permission to publish this note, 


i). K. Aromic Eneroy Avutnority (InpusTRIAL Group), 
WINDSCALE WorkKS, CUMBERLAND 


* Lrown, Ockenden, and Welch, J., 1955, 3932. 
* Hindman, ref. 1, p. 359 
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504. he Formation of Borate Complexes by Hydroxamic Acids. 


By A. L. GREEN. 
JORIC ACID combines with many 1 : 2-dihydroxy-compounds in aqueous solution to form 
dissociable cyclic complexes.! Although hydroxamic acids (l—=—= 11; R’ = OH) exist 
predominantly in the hydroxamic form (I),? the hydreximic tautomer (II; R’ = OH) 
possesses two adjacent hydroxyl groups potentially capable of forming cyclic complexes 
with boric acid. Such complex formation in aqueous solution has now been demonstrated 
both spectroscopically and titrimetrically. 

The Figure shows the ultraviolet spectra of tsonicotinhydroxamic acid (1; K = 4 
pyridyl) and 4-hydroxyiminopyridine (II; R 4-pyridyl, R’ H) in water, in aqueous 
borax (005m), and in aqueous sodium hydroxide (10m) in which both compounds are 
effectively 100%, ionised. The absorption spectrum of ésonicotinhydroxamic acid in borate 
buffer differs markedly from those of both the neutral compound and the anion, but it does 


N--O [ N-Ov 0 rr 


R-CO'NH-OH se=® R‘CRN-OH —-C,H,N-C—O” C,H,N-C—O” O—N 
(1) (11) (III) (IV) 


resemble that of 4-hydroxyiminopyridine. The spectrum of tsonicotinhydroxamic acid in 
phosphate buffer at the same pH as that of the borate (9-2) is not shown but is almost 
identical with that in dilute alkali. This change in the spectrum in the presence of sodium 
borate is attributed to the formation of a cyclic complex (III) 

lhe formation of a 1:1 boric acid~hydroxamic acid complex can be confirmed by 


' Reviewed by Boeseken, Adv. Carbohydrate Chem., 1949, 4, 189 
Mathis, Compt. rend., 1951, 282, 505 
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potentiometric titration with sodium hydroxide. The pX,'s of isonicotinhydroxamic acid 
and boric acid in water are 7-9 and 9-2 respectively, whereas an equimolar (0-005M-)solution 
of the two acids behaves as a monobasic acid with pX, 7-4. A second indefinite buffering 
region, found around pH 10, is possibly due to instability of the complex in more alkaline 
solution. An aqueous solution of isonicotinhydroxamic acid containing one-third mol. of 


iso Nicotinhydroxamic acid in (A) water, (B) aqueous 
borax, and (C) aqueous sodium hydroxide 
4-Hydroxyiminopyridine in (D) water and (fb 
aqueous sodium hydroxide 


Wove/ength (mp ) 


boric acid gave a potentiometric titration curve consistent with a mixture of the 1: 1 
complex and free hydroxamic acid, There is no evidence under these conditions for a 2: 1 
complex (IV) similar to that demonstrated titrimetrically by Schafer * between boric acid 
and catechol. 


Experimental,isoNicotinhydroxamic acid, m. p. 151—163° (from water) (found: N, 20-1, 
Cale, for CgH,O,N,: N, 20-3%), was prepared from ethyl isonicotinate and hydroxylamine in 
methanolic potassium hydroxide* 4-Hydroxyiminopyridine,* m. p. 130° (from water) (Found : 
N, 22-8. Cale. for CgH,ON,: N, 22-99%), was obtained by addition of 4-formylpyridine to 
hydroxylamine hydrochloride in aqueous sodium hydrogen carbonate 

The ultraviolet spectra were measured at 5 my intervals on a Unicam S.P, 600 Spectro 
photometer ; 

Ti{ration experiments, Aqueous solutions of boric acid, tsonicotinhydroxamic acid, or 
mixtures of the two (0-005-—0-01M) in a beaker, kept at 25° by a water jacket, were titrated 
with 0-IM-sodium hydroxide. The beaker was equipped with a magnetic stirrer and contained 
glass and calomel electrodes connected to an E.I.L. Model 23 pH meter, The pX, values were 
calculated by the Henderson-Hasselbach equation from pH’s around the half-neutralisation 
points 
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OBITUARY NOTICES. 


DAVID RUNCIMAN BOYD. 
18721955. 


Davip Kunciman Boyp was born on February 26th, 1872. His father, William Boyd, was 
minister of the parish of Mains and Strathmartine near Dundee: he was descended from a line 
of farmers, some of whom were also brewers. William Boyd was a graduate of the University 
of St. Andrews, distinguished in classical and oriental languages and divinity. After receiving 
licence to preach, he became assistant to the Rev. David Runciman, minister of Leslie in 
Vifeshire; here he met his future wife, Janet Lockie Runciman, who was keeping house for her 
brother. Their father, also David Runciman, was minister of St. Andrew’s in Glasgow, so in 
David Boyd's ancestry there was a strong strain of the Church, as well as of farming and business. 
The marriage took place on October 2nd, 1866; a girl and two boys were born. The manse at 
Mains, then in pleasant country, was an idyllic home, but tragedy struck the family in 1873. 
William Boyd’s health had given trouble and he was advised to spend the winter in southern 
Kurope; on his way home he fell a victim to malaria and died in Florence, leaving his widow 
and three young children with a very small income. They removed to Edinburgh, and in a few 
years the two boys entered John Watson’s institution, a school where the education was good but 
the diet and living at that time spartan, After six years there David spent about a year on the 
classical side at George Watson's College, when the family moved to Glasgow. He entered 
Glasgow University in 1888, and at once made his mark as the best student of Chemistry of 
his year. He also gained prizes in Natural Philosophy and Mathematics; he graduated with 
first-class honours in Chemistry in 1892, and was awarded the Robert Donaldson scholarship. 
He then studied in Victor Meyer's laboratory at Heidelberg, being assistant to Paul Jacobson 
for a year, and gained the Ph.D. degree. Returning to England, he was demonstrator under 
Frankland at the Mason College, Birmingham, for about two years. 

In 1896 his real life work began, He was one of five lecturers appointed in that year to the 
Hartley Institution, Southampton, with the object of raising the teaching to University standard. 
Although the Institution had been in existence for over thirty years and (in addition to the 
public library, museum, and large ha!l for public lectures, which were at first its principal 
features) a good many classes were held, work of university standard had not been seriously 
attempted, the more promising pupils going on to universities elsewhere, In the 1890's a 
serious attempt was made to start a university college, and by 1902 this was so far successful 
that the Institution became the Hartley University College, with a small Treasury grant. 
Phere were frequent crises in the first decade of this century, once indeed a recommendation to 
withdraw the Treasury grant altogether, and compel the College to become solely a local technical 
college. It was largely due to the work of a very few men, of whom Boyd and John Eustice, 
head of the Engineering Department from 1892 to 1931, were perhaps the ablest, that the 
grant was continued and the University College survived, 

Before 1919 Boyd never had more than one academic assistant and carried a heavy load of 
teaching: there were classes from matriculation up to Special Honours degree level, the ele- 
mentary classes being quite large, The teaching reached a very high standard. Professor 
Ingold, a student from 1911 to 1913, writes: “‘ My chief memory of him is as a marvellous 
lecturer. He treated us to a most exciting exposition of the whole of Chemistry as a living, 
growing subject, rich in opportunity for the questing spirit. In 1911 Werner's resolution of 
cobaltammines, and Knorr’s and Kurt Meyer's work on ethyl acetoacetate all came hot from the 
Innalen or Berichte, yet without sacrifice to the pattern of the lecture course as a whole, Every- 
thing was critically and remarkably soundly assessed, and some much publicised but unsound 
work was dealt with severely.” 

During nearly all his tenure of the chair, Boyd kept a substantial amount of research going, 

ugh accommodation and resources were so poor that most men would have been discouraged. 
en 1901 and 1929 some twenty papers bear his name, and another ten by his pupils were 
inspired by him. ‘The College remained in the old buildings in the High Street until 1919; 
here the chemical department consisted of one general-purpose laboratory and one lecture room. 
Boyd had boarded off a corner of the lecture room for a private room and laboratory: the 
balances were kept on the stairs. He had several lines of research; he was publishing work on 
organic derivatives of phosphorous acid as early as 1901 and was still publishing on organic 
phosphorus derivatives in 1928. He was one of the first to study the effect of chemical consti 
tution on the velocity of reaction of epoxides with sodium derivatives of phenols, or with amines ; 
some of his papers in this field are still often quoted. 
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In 1919, the College moved into new buildings on a site some two miles from the centre of 
the town; improved laboratory accommodation and a rather larger staff were provided, though 
both would nowadays be considered quite inadequate for a university department. The 
tradition of first-class teaching was carried on, usually with very good results in the London 
external examinations, and in the 1920's a few students remained to do post-graduate research 
under Boyd's direction, Some of these, F. J. Smith, H. H. Hatt, D. V. N. Hardy, and D., E, 
Ladhams held posts for a short time on the teaching staff. In this period the work on organi 
phosphorus compounds was further developed, and a number of papers were published on 
Grignard reactions and processes accompanying them. After 1930 he did little research, but 
he gave every encouragement to new and successfu! lines of research in several different fields 
by his lecturers. He retired in 1937, after forty-one years’ service. 

He gave excellent administrative service also to the College. kor many years he was chair- 
man, later styled Dean, of the Faculty of Science, and Vice-Principal after Professor Eustice’s 
retirement in 1931. He was tall and dignified; his gentle kindliness, sympathy, and courtly 
manners won the respect and affection of all his colleagues. Up to 1919 he was perhaps the 
chief symbol of the hope the struggling College had of ultimately attaining University rank, 
Later the College staff became stronger but his maintenance of high academic standards and 
discipline among a sometimes intractable student body were always outstanding. His judgment 
was penetrating and sound, and he spoke and wrote with great clarity and persuasiveness. In 
1904 he began reading for the Bar; he passed his final examination in 1907 and was called in 
1922. It was characteristic of his modesty that few of his colleagues knew of this unusual 
qualification. He gained the D.Sc. degree of Glasgow University in 1902, and was examiner 
in Chemistry for that university on many occasions. In 1954 he completed sixty years as a 
Fellow of this Society, and fifty years as a Fellow of the Royal Institute of Chemistry, 

He married, in 1907, Marion, daughter of Col. Edward Persse of the Madras Army, and had 
two sons, both graduates of St. Andrews University. His later years were saddened by the 
death of both his sons on war service in 1944. His wife died in the summer of 1955, after a long 
and trying illness during which he devoted himself entirely to her; he died four months later, 
on December 28th, 1955. 

What the University College of Southampton owed to him cannot be over-estimated ; 
without him and a very few other able men who remained with the College, the University of 
Southampton would not have been possible. He gave good service to Chemistry : his researches 
were always sound, never trivial, and had sometimes a pioneering quality; they were done 
with very meagre resources, He had many able and some distinguished students, whose many 
and varied achievements in research, industry, and teaching are an enduring monument to the 
teacher they loved so well. 


I thank Miss Elsa Boyd for the loan of family records, and Professor Ingold for kindly 


sharing his recollections, 
N. K. ADAM 


WALLACE FRANK SHORT. 
1898-1955. 
WALLACE FRANK SHorT, D.Sc., Head of the Chemical Division of the Research Department 
of Boots Pure Drug Co, Ltd., died on June 7th, 1955, after a long illness. He was born on 
October 4th, 1898, at Kimbolton, Huntingdon, only son of Mr, W. J, Short, and was educated 
at Kimbolton School and Manchester University, gaining his B.Sc. with First Class Honours 
in 1918. As Levinstein Research Scholar and Schunck Lursar he took the M.Sc. Degree in 1919 
(Henry Stephen supervised his research") and became a Beyer Fellow of Manchester University 
In 1929 he was awarded the D.Sc. Degree. 

On reaching the age of 18 he volunteered for military service but, not being accepted, he 
joined Professor H, B, Dixon’s staff working for the Department of Explosives Supply, and 
carried on this work concurrently with his degree course until the end of hostilities. In 1919 he 
continued research for the Ph.D. Degree, but his lungs had been affected during his M.Sc. year, 
and he was advised to seek a purer atmosphere than that of Manchester, He therefore made the 
sea voyage to New Zealand. On arrival there he was pronounced fit, and took up a lectureship 
at Auckland University College in 1920, under Professor l’. P. Worley. His great enthusiasm 
for Organic Chemistry and his most engaging personality attracted students from other colleges 
and he soon had a“ school "’ of keen young chemists, 

' Stephen, Short, and Gladding, J., 1920, 117, 510 
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Scarcely any equipment, chemicals, or books were available at Auckland: he had to 
improvise and build everything, even to make-do with a mixture of 2nd and 3rd editions of 
seilstein’s '' Handbuch.’’ Nevertheless he was soon publishing papers on acylphenylhydrazines * 
and the Hoesch reaction.* He realised the importance of the almost virgin field of natural 
products in New Zealand with a large number of endemic species growing in abundance, His 
early investigation into the dominant shrubs of the country, Leplospermum scoparium* and 
L.. evicoides® led him into the field of essential oils. In addition to investigating the oils of 
further endemic species, Podocarpus ferrugineus * and Phebalium nudum,’ he also studied the oil 
of Cinnamonum camphora* grown in the country and the residues of commercial oils of Eucaly pius 
nova-angelica* and i, variflova,” japanese peppermint oil,“ and star-aniseed oil." 

Following up this work he investigated the structure of some of the constituents, including 
the sesquiterpenes aromadendrene™ and cedrene,“ the hydrofuran derivative anisoxide,™ and 
the unusual methylated phloroglucinol derivative leptospermone (1).% His interest also 
extended to the synthetic diterpenes " and the synthesis of apofenchocamphoric acid.” 


OH 
O OH 


~ 


~ 
HOC 


(1) (11) (Ml) 


one of the early investigators of heart-wood constituents, and his examination of 
podocarpic acid (Il) from Podocarpus dacrydioides and Dacrydium cupressum,” and of totarol 
(111) from Podocarpus totava™ formed the basis for the constitution of these diterpenoids. They 
are of unusual interest in that they both contain an aromatic nucleus and also in that they 
contravene the “ isoprene rule.”’ Parallel experiments on the synthetic side of the podocarpic 
acid problem led to a series of novel syntheses in the phenanthrene field.* 

His curiosity about the mechanism of reactions led him to study the rearrangement of benzyl 
ethers,” the action of potassium cyanide on monochloramine,* the acetoacetic ester condens 
ation,™ and the polymerisation of formaldehyde in presence of inorganic substances, in which 
research he was assisted by his wife, Kathleen, née Brown, also a Manchester graduate. Papers 
followed on a new melting-point apparatus* and a modification of Baeyer’s strain theory * 
altogether an amazing output for one burdened with a heavy teaching programme and much 
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administration. His advanced lectures, usually lasting two hours, were eagerly attended. Most 
of the coveted prizes and scholarships were won by his pupils, and a succession of young chemists 
made the pilgrimage to work with Professor Robert Kobinson at Manchester, and later at 
Oxford. He found time to serve on the Council of the Royal New Zealand Institute. 

rhe desire to be at the hub of things eventually proved too strong for Short himself and, in 
1933, he resigned his Lectureship and Acting-Professorship at Auckland in order to work in 
England. After a stay in the Dyson Perrins Laboratory where he tackled the synthesis of 
carpaine “ he was appointed Senior Lecturer in Organic Chemistry in the Faculty of Technology 
of the University of Manchester. There he continued his work on terpenes and terpenoids, 
and syntheses in the phenanthrene series. 

In 1938 he joined the Research Dept. of Boots Pure Drug Co. Ltd., Nottingham, as Assistant 
to Dr. F. L. Pyman. He gathered a first-class team of workers for the difficult tasks laid on 
the department by the war effort and, after Pyman’s death in 1944, directed all the chemical 
research. Throughout the war he carried a heavy load of responsibility and his untiring example 
inspired his devoted band of chemists. 

In the air-raids on Nottingham he lost a large collection of notes, gathered over a period of 
20 years, for a treatise on the methods of organic chemistry. It was characteristic of the man 
that he began immediately on the charred remains and steadily made good the loss. He 
answered every call for a new process for making this or that, and his range of research topics 
expanded at an astonishing rate. Sound work and an extraordinarily keen insight allowed him 
to throw light on every problem which he tackled. His knowledge of the chemical literature 
was phenomenal and was constantly increasing in the effort of collecting data for his treatise 
(66,000 references were dealt with; it is hoped that this work will eventually be published) 
Short was also an excellent organiser, building up staff, library, and laboratories to a high level 
of efficiency. His work at Boots, merely as shown by patents and published papers, ranged over 
a wide field: hexcestrol, dienoestrol, resazurin, 7-oxocholesteryl acetate, sulphonamides, 
sulphones, amidines, glyoxaline, guanidine, diguanides, phenanthridines, iodine contrast 
agents, antitubercular compounds, to name a few of the topics. Nor were his interests purely 
chemical; his incursions into biochemical fields were responsible for major improvements in 
the isolation and purification of insulin and heparin. Investigations into the anti-anamik 
factor in liver led to the early recognition of active pink fractions which, with more facilities for 
adequate clinical testing, might well have resulted in the earlier discovery of vitamin B,, 
This period also saw the isolation of notatin and the recognition of its enzymic nature 

One of his first successes in Nottingham was the preparation of the outstanding cestrogen, 
hexcestrol, from anethole by a simple reaction sequence :™ 

p-MeO'C,HyCH:‘CHMe ——® p-MeO’C,HyCHBrEt ——» 
p-MeO-C,H,-CHEt-CHEt-C,H,OMe ——® p-HO-C,HyCHEtCHEt'C,H,-OH-p 
rhis work almost completely escaped notice in the literature.” There followed investigations 
into isohexcestrol®™ and diencestrol,*? 

Short's researches on amidines have made these versatile compounds readily available and 
have necessitated the rewriting of a chapter of organic chemistry. The position up to 1946 
was that amidines could generally be obtained from cyanides via the imidoyl chloride and 
imidoic ester,*4 also by two much less general methods, and not at all by the text-book process 
of heating cyanides with ammonium chloride. The fact that trichloromethyl cyanide adds 
ammonia and amines at a low temperature ™ indicates that an increase in cationoid properties 
of the carbon atom of the cyanide group is needed for the addition of NH,, This effect might 
also be produced by an ‘‘ imported "’ stimulus. When Oxley and Short (Amidines, Part 1) 
discovered that heating an ammonium (or alkyl- or aryl-ammonium) salt of an aromatic or 
aliphatic sulphonic acid with a cyanide at 180-—300° gave excellent yields of amidines a 
mechanism was postulated which has stood the test of much investigation 


iy. 4 
RCZEN + R’SOZO}R NH! =e RCT 


0-SO 


Barger, Kobinson, and Short, J., 1937, 717 
*” BP. 523,320/1938 
Kernstein and Wallis, /. Amer. Chem. Soc., 1940, 62, 2871 
Peak and Short, J., 1943, 232 
Hobday and Short, /., 1943, 609 
Pinner, Ber., 1877, 10, 1889 
G.P. 671,785 
Oxley and Short, /., 1946, 147 
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[he salient features are the production of (i) a complex ion capable of degrading the ammonium 
ion (cf. the decomposition of ammonium nitrite), probably by hydrogen-bond formation 
between the nitrogen atoms, and (ii) the amidine salt of a strong acid. Some thirty examples 


{ the reaction which is, in practice, a one-stage process not requiring a solvent, are listed in 
Vart 1,” including the preparation of amidines from a-naphthyl cyanide and from ortho-substi 


tuted phenyl cyanides (not available by the Pinner method **), 
In Vart V 11 of the series” it was shown that good yields of amidines and of N N-dialkylamidines 
and ammonia or an amine, Here the 


{ 
‘ 


could be obtaimed from cyanides, aluminium chloride, 
iiuminium chioride is acting as a stimulator of cationoid activity in the CN group: 


NXY . 


NHKY 


+ «= 
; / 
R-CREN ¢ AICI RCZEN+AICI oe RG AICi 
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Parts of the series the use of ammonium thiocyanate, aminomagnesium halides, and 
was investigated. An interesting extension of the reaction of alkylene 


when heated with an ethylenediamine basic salt, yielded a 
tetrahydro- 


Aarti ulphonate ) 
showed that a cyanide, 
ted 4: 5-dihydroglyoxaline. From a 


trimethylenediamine salt a 
obtained; from tetramethylenediamine a diazacycloheptene :*#? 


[CH,],—N 


+ 
NHy[CH,],NH. + RCN —> || I 
NH5-—— CR 


+ NHg 


rther developments were the preparation of A*-oxazolines (from 2-hydroxyethylamines), 
nides, and guanidine: There followed a period of intensive exploitation of these methods 
eparation of chemotherapeuti ubstances which resulted in improved processes fot 
1, Stilbamidine, naphazoline, and the independent discovery of the important 


‘ 
é 


I 


1h) 
or the py 
lor known drugs, ¢ 
ntihistamine, antazoline 
The ready availability of amidines as intermediates led to the development of new routes 
to phenanthridines * and l-alkyl-3 : 4-dihydroisoquinolines by a modified Bischler-Napieralski 
reactio eo 
C,H,-CR 
i + NH,POCI, 
CeHF-N 
of the valuable trypanocide, 
“ and heterocyclic derivatives 


PhiCyHaN:CR°NH, ——® PhCeHy*N:CR*NH-POCI, —> 


nterest in phenanthridine hich had seen the development 
lium, led to the investigation of the related 1 : 6-diazapyrenes 


2-5: 6-dibenzocyclohepta-1 : 3: 5-triene,@ 

His wide knowledge and his interest in nomenclature made 
Publication Committee of the Chemical Society, and he served on the Research Committee of 
the Nottingham and District Technical College. 

At school he was a keen footballer and a sprint runner; he became interested in music in 
early Manchester days and, in the last ten years of his life, Mozart was his passion: year 


ear he and his wife made the pilgrimage to Glyndebourne. Mozart had for him the 
Short was the epitome of good 


him a valued member of the 


hi 
alter ¥ 
verfection which he always sought in his beloved chemistry 
ise, honesty, and justice. He had a long memory, a lively wit, and the gift of friendship : 
upils became his friends for life and relied on him for help and inspiration in their daily 

ash His passing has been keenly felt in the many laboratories where his example and 
nfluence have spread, It is a great loss to British chemistry that he was not spared to complete 


" or tasks 
He irvived by his wife who so fully shared his interests and devotedly helped him through 


long illness, and by a son and a daughter 
J. C. Smiru. 
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M. Peligot has communicated to the Annales de Chimie et 
Physique (xvii, 368) a short note on the preparation of uranium. 
A mixture of 75 grammes of uranous chloride, 150 grammes of 
dry potassium chloride, and 50 grammes of sodium in fragments 
is introduced into a porcelain crucible, itself surrounded by a 
plumbago crucible, The reaction is effected in a wind furnace 
at the temperature of redness; but the heat must be inereased 
for a short time at the close of the operation. In the black slag 
may be found, after cooling, globules of fused uranium. 


M. Peligot finds uranium 


The new method of producing uranium 
was announced in the first issue of Nature 
in 1869. Monsieur Peligot, who twenty 

eight years before had first isolated the 
metal, discovered by Klaproth in 1789, 
was opening the door a little more 
widely to the possibility of an Atomix 
Age a century later. In recent years the 
priority attaching to the atomic energy 
programme has restricted their avail- 
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PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 
SCIENTIFIC MEETINGS DURING MARCH, 1956 
LONDON, 
Thursday, March 15th, 1956, at 6.30 p.m. 


Reception and Conversazione. To be held in the Science Museum, South Kensing- 
ton, S.W.7. (Further details will be circulated.) 


ABERDEEN. 
Friday, March 16th, 1956, at 7.30 p.m. 


Lecture, Distinguished Men of Science living in Britain in 1807-1808, by Dr. A. 
Clow, F.R.S.E. Joint Meeting with the Royal Institute of Chemistry and 
the Society of Chemical Industry, to be held at Marischal College. 


BIRMINGHAM. 


Friday, March 9th, 1956, at 4.30 p.m, : 
Lecture, Some Recent Trends in the Synthesis of Coloured Substances, by Dr. H. T. 


Howard, Joint meeting with the University Chemical Society to be held in the 
Chemistry Department, The University. 


BRISTOL. 
Thursday, March, \st, 1956, at 5.15 p.m. 


Lecture, Tropylium, by Professor M. J. S. Dewar, M.A., D.Phil. Joint Meeting 
with the Student Chemical Society to be held in the Chemistry Department, 
The University. 


Thursday, March 8th, 1956, at 7.0 p.m. 


Lecture, Fuel Practice in Italy, by Professor C. Padovani. Joint Meeting with the 
Royal Institute of Chemistry, the Society of Chemical Industry, and the 
Institute of Fuel, to be held in the Chemistry Department, The University. 


Thursday, March Lith, 1956, at 5.15 p.m. 
Lecture, Some Recent Developments in the Chemistry of the Vitamins D, by Professor 
B. Lythgoe, M.A., Ph.D. Joint Meeting with the Student Chemical Society 
to be held in the Chemistry Department, The University. 


Thursday March 22nd, 1956, at 7.0 p.m. 


Lecture, Fluorescence Analysis in Ultraviolet Light, by Mr. J. A. Radley, M.Sc., 
F.R.LC. Joint Meeting with the Royal Institute of Chemistry and the 
Society of Chemical Industry, to be held in the Chemistry Department, The 
University. 


CAMBRIDGE, 
Friday, March 2nd, 1956, at 8.30 p.m. 


Lecture, Some Recent Studies in the Fatty Acid Field, by Dr. B. C. L. Weedon, B.Sc., 
A.R.LC. Joint Meeting with the University Chemical Society to be held in 
the University Chemical Laboratory, Pembroke Street. 


EDINBURGH, 
lhursday, March 15th, 1956, at 7.30 p.m. 


Meeting for the Reading of Papers on The Application of New Techniques to Some 
Problems in Brewing, with contributions from Professor I. A. Preece, Mr. L. 
Fletcher, and Dr. J. O. Harris. To be held at the North British Station Hotel. 


Gl {SGOUW . 
kriday, March 16th, 1956, at 7.15 p.m, 


Meeting for the Reading of Original Papers. To be held in the Chemistry Depart- 
ment, The University. 


HULL. 
LThursday, March \st, 1956, at 6 p.m. 


Lecture, Compounds of Lithium and their Use in Synthesis, by Professor E. A. 
Braude, D.Se., F.R.LC., to be given in the Chemistry Department, The 
University. 


IRISH REPUBLIC. 
Friday, March 9th, 1956, at 7.45 p.m. 


Lecture, The Spontaneous Formation of Structure in Solutions of High Polymers, by 
Dr. C. Robinson, B.Se., F.R.LC. Joint Meeting with the Werner Society to 
be held in the University Chemical Laboratory, Trinity College, Dublin. 


LEEDS, 


Monday, March 5th, 1956, at 6.30 p.m. 


Royal Institute of Chemistry Lecture, New Developments in Inorganic Chemistry, 
by Professor R. S. Nyholm, D.Sc., A.R.IL.C., to be given in the Chemistry 
Lecture Theatre, The University, (All Fellows are invited.) 


Tuesday, March 13th, 1956, at 6.30 p.m. 


Lecture, Tropylilum, by Professor M. J. S. Dewar, M.A., D.Phil. Joint Meeting 
with Leeds University Chemical Society to be held in the Chemistry Lecture 
Theatre, The University. 


LIVERPOOL, 
Thursday, March 22nd, 1966, at 5.0 p.m. 


Lecture, The Fructose Group of Polysaccharides, by Professor E. L. Hirst, F.R.S. 
Joint Meeting with the Royal Institute of Chemistry, the Society of Chemical 
Industry, the British Association of Chemists, and the University Chemical 
Society, to be held in the Chemistry Lecture Theatre, The University. 


NEWCASTLE AND DURHAM. 
Friday, March 2nd, 1956, at 4.0 p.m. 


Meeting for the Reading of Original Papers. To be held in the Chemistry Building, 
King’s College, Newcastle upon Tyne, 1. 


NORTHERN IRELAND. 
Tuesday, March 13th, 1956, at 7.45 p.m. 
Meeting for the Reading of Original Tapers. Joint Meeting with the Royal 
Institute of Chemistry and the Society of Chemical Industry, to be held at 
Queen's University, Belfast. 
Thursday, March 22nd, 1956, at 7.15 p.m. 


Lecture, Some Themes in Chemotherapy, by Dr. L. P. Walls, M.A. Joint Meeting 
with the Royal Institute of Chemistry and the Society of Chemistry, to be held 
at The Queen’s University, Belfast. 


NOTTINGHAM. 
Monday, March 5th, 1956, at 4.30 p.m, 


Lecture, Liquid Crystals, by Professor Brynmor Jones, Ph.D., Se.D., F.R.LC. 
Joint Meeting with University College of Leicester Chemical Society to be held 
at University College, Leicester. 


Monday, March 26th-Wednesday, March 28th, 1956. 


Anniversary Meetings—a full programme will be circulated, 


OX FORD. 
Monday, March 5th, 1956, at 8.15 p.m. 


Lecture, Solid Imperfections and Chemical Reactivity, by Dr. F. C. Tompkins, F.R.S. 
Joint Meeting with the Oxford University Alembic Club to be held in the 
Physical Chemistry Laboratory, South Parks Road, Oxford. 


ST. ANDREWS AND DUNDEE. 


Thursday, March 8th, 1956, at 5.0 p.m. 
Lecture, Chemical Engineering and its Place in the University, by Professor K, G. 
Denbigh, Ph.D., F.R.LC., to be given in the Chemistry Department, Queen’s 
College, Dundee. 


SHEFFIELD. 
Thursday, March 8th, 1956, at 7.30 p.m. 


Lecture, Transitions in Ammonium Salts, by Mr. L. A. K. Staveley, M.A. Joint 
Meeting with the University Chemical Society to be held in the Chemistry 
Lecture Theatre, The University. 


SOUTHAMPTON. 


Iriday, March 2nd, 1956, at 5.0 p.m. 


Lecture, Catlonie Polymerisation, by Professor A. G. Evans, M.Se., Ph.D. Joint 
Meeting with Southampton University Chemical Society to be held in the 
Chemistry Department, The University. 


Friday, March \6th, 1956, at 5.0 p.m. 


Lecture, Gas-phase Chromatography, by Dr. A. T. James. Joint Meeting with 
Southampton University Chemical Society to be held in the Chemistry Depart- 
ment, The University. 


Wednesday, March 2\st, 1956, at 7.0 p.m. 


Lecture, Some Recent Developments in the Chemistry of Free Radicals, by Professor 
D. H. Hey, D.Se., F.R.LC., F.R.S. Joint Meeting with Portsmouth and 
District Chemical Society and the Royal Institute of Chemistry, to be held at 
the College of Technology, Anglesea Koad, Portsmouth. 


SOUTH WALES. 
Monday, March 5th, 1956, 5,30 p.m. 


Lecture, Melting and Crystal Structure, by Professor A. R. Ubbelohde, M.A., D.Sc., 
F.R.S. To be given in the Department of Chemistry, University College, 
Cardiff. 


lriday, March 9th, 1956, at 5.30 p.m. 


Lecture, Some Recent Developments in the Chemistry of Free Radicals, by Professor 
D. H. Hey, D.Se., F.R.LC., F.R.S. To be given in the Chemistry Department, 
University College, Swansea. 


OFFICIAL ANNOUNCEMENTS 

DEATHS. 

The Council regrets to announce the deaths of the following Fellows : 

Elected, Died. 
May 6th, 1948. july 7th, 1954. 
Dec. 3rd, 1925. Jec, 2nd, 1955. 
Dec. 4th, 1902. Nov. 2nd, 1955. 
May 2nd, 1918, 1955. 
Dec. 2nd, 1925. Sept. 16th, 1955. 
Mar Ist, 1919. Dec. 3rd, 1955. 
Dec, 2nd, 1909. Nov. 15th, 1955. 


Jack Eldred Brimley (East Didsbury) 
Francis Hereward Burstall (Teddington) 
Sir Wilfred Russell Grimwade (Melbourne) 
Wiliam Jay Hale (Michigan) 

Charles King (Glasgow) 

Ralph William Ewart Stickings (1 
Herbert Ernest Williams (Hyde) 


Robert Harding Williams (Hull) ............... Dec. 3rd, 1926. Oct, 8th, 1955, 


CONGRATULATIONS. 
The President has conveyed the congratulations of the Society to Sir Cyril Hinshelwood 
on his election as President of the Royal Society. 
Congratulations have also been conveyed to the following Fellows who completed 60 
years of Fellowship on December Sth, 1955 : 
James Henderson (Dundee). 
Clarence Arthur Seyler (Leatherhead). 
and to the following who completed 50 years of Fellowship on December 7th, 1955 : 


Joseph Edward Coates (Swansea), 
Arthur Augustine Dallman (Doncaster). 
Herbert Drake Law (London, E.15). 


ELECTION OF NEW FELLOWS. 
The following 65 candidates were elected to the Fellowship on December 15th, 1055 : 


John Napier Andrews, 
Mehkeri K. Anwer, 
Edward McCollin Arnett. 
Bryan Webb Ashton, 
Andrew Balsillie. 

Derek Victor Banthorpe. 
Jeffrey John Batten. 
Peter Desmond Blundy, 
Sidney John Branch. 
Leonard George Bray. 
Herbert Buchwald. 
James Robertson Burt. 
Henry Stowar Burton. 
David Trevor Bushman, 
Hugh Bernard Charman, 
Peter Edward Curry. 
Michael Charles Dart. 
John Graham Dawber, 
Gabriel Paschal Fazi. 
Ramsis Gobran. 

Drago Grdenic. 

Francis Robert Frederick Hardy, 
Derek Harrison, 

Jan Thomas Harrison. 
Jeremy Robin Harrold 
John Evan Hazell. 
Robert Enys Hichens. 
Hiroo Inokuchi. 

Herbert David Kaesz. 
Michael Kennedy. | 
Gordon William Kirby. 
Robert Letters. 

John Stanley Little. 


John J. Lucier. 
Kenneth James Macleod. 
Hyman Dave Massin. 
— Newbould. 
rimula Anne Newton-Hearn. 
David Nicholls, 
Peter Norton. 
Sidney Bertram Phillips. 
Geoftrey Pilcher, 
Norman Edward Ransome. 
Edward Arthur Robinson, 
Andrzej Kozanski, 
Gopal Kao Savur. 
John Antony Schofield. 
Promode Prakash Shrivastay. 
Osamu Simamura, 
Frank Skuse. 
Brian Robson Smith, 
Peter Trafford Speakman, 
Sanae Tanaka 
Brian Leslie Taylor. 
Malcolm James Thompson, 
John Graham Tillett. 
avon Francis James Todd. 
eter Douglas Trethewey. 
Kenneth Holmes Turner. 
Douglas Hugh Watson. 
Peter Jaffrey Wheatley. 
Grosvenor Searles Wich. 
— Colin Williams. 
david Jankiel Wluka, 
Keith Henry Wood, 


RESEARCH FUND, 
The Council has approved the following grants from the Research Fund : 


an 


ecocoococececocoooooorococoea2: 


Baker, W. (Bristol) 

Blair, J. A. _preweiry Gold Coast) 

kaborn, C, (Leicester) 

Evans, A. G, (Cardiff) 

Fowles, G. W. A. (Southampton) 

Greenwood, N, N, (Nottingham) 

Hough, L. (Bristol) 

— G. (Keele) 

<hundkar, M, H. (Pakistan) 

Kurzer, F. ane enniaibveus 

Landor, S. R. (London) ... 

Millar, |. T, (Keele) 

Overend, W. G. (London) 

Paul, R, C. (India) . 
POWER, Die Wee ND ob; tec cresaticineces etnesr dered adbewnervien ; 
Raphael, K. A. (Belfast) 

Kottenberg, M. (Switzerland) 

Salmon, J. E. (London) 

Stock, D. I, (London) 

Stranks, D. R. (Leeds) 

Taylor, H. (Portsmouth) pi 
TROMBOR, Bi: 5 CLFURAEN: cc ceveccscveccssceescenstnnvesyarssovavvneger 
Trotman-Dickenson, A. F. (Edinburgh) 

VORGON, DL, J. COMME) conccnsccosspcevecccronstytdcoheraressess ' 
Walsh, A. D, (Dundee) 


@cocecesossocooowmocsoconsocooo® 


— 
— 


CHANGES IN LIBRARY REGULATIONS, 


Changes in the regulations of the Chemical Society Library have been approved, The 
principal changes are as follows : 


|. The closing time for the period October to July will be 7.30 p.m. instead of 
p.m. (Saturdays 5 p.m.) 

2. The period of loan is reduced from one month to fourteen days, but can be 
extended upon request. 

3. All periodical material is now available for loan whether held in duplicate or 
not, subject to the discretion of the Librarian. 


A copy of the revised regulations may be obtained from the Librarian. 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 


held at the Royal Institution, Albemarle Street, London, W.1, on Thursday, 
December 1st, 1955, at 7.30 p.m. 


Professor C. K, Ingold, D.Se., F.R.S., Vice-President, was in the Chair, 


MINUTES. 


The Minutes of the Scientific Meeting held at the Imperial College of Science and 
Technology on November 17th, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: E. W. R. Steacie, M. G. Ford, 
J. M. Batstone, E. A. Simpson, E. W. Hammond, R. C. B. Tomlinson, J. R. Young, M. A. 
Whitehead, S. W. Gilks, P. A. Bosanquet. 


LIVERSIDGE LECTURE. 


The Chairman called upon Dr. E. W. R. Steacie, O.B.E., M.Sc., F.R.S., to deliver the 
Liversidge Lecture entitled ‘‘ Reactions of Radicals in Gaseous Systems.”” At the con- 
clusion of the Lecture a vote of thanks to Dr. Steacie, proposed by Professor D. H. Hey, 
D.Se., F.R.S, was carried with acclamation. 


Minutes of a 
SCIENTIFIC MEETING 
held at Buriington House, on Thursday, December 15th, 1955, at 7.30 p.m. 


The President, Professor W. Wardlaw, C.B.E., D.Sc., F.R.LC., was in the Chair. 


MINUTES. 


The Minutes of the Scientific Meeting held at the Royal Institution on Thursday, 
December Ist, 1955, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: E. McLaughlin, L. E, Addy, 
A. A. Williams, G. A. Gamlen, P. F. Todd, J. M. C. Thompson. 


SCIENTIFIC COMMUNICATIONS. 
rhe following papers were read and discussed : 
“ Delocalised Metal-Carbon Bonds.” By L. E. Orgel. 


“Complexes of Uncharged Aromatic Systems with Transition Metals and the 
Bonding Problem of Ferrocene and Similar Compounds,” By E,. O. Fischer, 
(Techn. Hochschule, Miinchen.) 

‘ Ferrocene Derivatives. Part III. Ferrocene Dicarbonyl and Related Com- 
pounds,”” By B. F. Hallam and P. L. Pauson. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the 
Honorary Secretary within ten days of the date of publication of the Journal for January. 1956. Such 
objections wll be treated as confidential, The forms of application are available in the Library.) 


Adcock, Brian. British. 137, Pear Tree Crescent, Derby. Student at Queen's College, Oxford, Signed 
by: L. A. K. Staveley, J. W. Linnett. 

Andrews, Anthony Leonard. British. 31, High Street, Brighouse, Yorks. Undergraduate. Signed 
by: L. A. K. Staveley, R. J. P. Williams. 

Arnold, Richard Bentham, .Sc.(Nott.). British. Department of Chemistry, The University, Notting- 
bam. Research Student. Signed by: C. C. Addison, T. J. King. 

Barnden, Roy Leonard. British. 25, The Poynings, Richings Park, Iver, Bucks. Research and 
Development Chemist. Signed by: A. J. Krajkeman, A. Coenders 

Barnes, Terence John. British. 57, Silver Lane, West Wickham, Kent. Student at Queen Mary 
College, London. Signed by: M. J. S. Dewar, R. F. Garwood 

Chapman, Derek David, Sc. (Nott.). British. Chemistry Department, The University, Nottingham 
Research Student. Signed by: C. C. Addison, M. W. Partridge 
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Clayton, Jeffrey Colin, B.Sc. (Nott.). British. 48, Wymington Road, Rushden, Northants. Instructor 
Lieutenant, Royal Navy. Signed by: C. C. Addison, J. E. Davies. 

Cleaver, Brian, Jritish. 138, Middlemore Road, Northfield, Birmingham, 31. Student at Magdalen 
College, Oxford. Signed by: 1. A. K. Staveley, L. E. Sutton 

Davies, Hugh Edryd Joshua. Jritish. 9, Aldenham Road, Newton, Porthcawl, Glam. Undergraduate 
at lbrasenose College, Oxford, Signed by; J. A. Barltrop, L. A. K. Staveley 

Durham, Lois Jean, B.S. (Calif.). American. Department of Chemistry, Stanford University, Stanford, 
California, U.S.A. Graduate Student, Teaching Assistant. Signed by: M. Look, H. Rapoport 

Easton, Brian Colin, B.Sc. (Lond.). British. 171, Wickham Street, Welling, Kent. Research Student 
Signed by; H. Burton, M. K, Hargreaves. 

Gimblett, Frederick Gareth Robert, M.Sc. (Wales). British. Chemistry Department, Royal Aircraft 
establishment, Farnborough, Hants. Research Chemist at the Ministry of Supply. Signed by: 
G, M. Bristow, EB. J. P. Fear. 

Godwin, Michael Francis Harold, Writish. The Rectory, Heyshott, Midhurst, Sussex. Student at 
Nottingham University. Signed by; C. C, Addison, F. C, Laxton. 

Hall, Gordon Edwin, B.A. (Cantab.). British. 4, Cundalls Road, Ware, Herts. Research Student at 
Cambridge University. Signed by; D. M. Brown, J. J. Wren. 

Handisyde, Jill. British. St. Wilfreds, Shootersway Lane, Berkhamsted, Herts. Undergraduate at 
Oxtord University. Signed by: L. A. K. Staveley, M. L. Tomlinson 

Hanson, James Ralph. British. 31, Station Road, New Barnet, Herts. Student. Signed by: L.A. K. 
Staveley, J. A. Barltrop 

Harwood, Geoffrey Ellis. British, 24, Winchester Drive, Pinner, Middlesex. Student at Southampton 
University. Signed by: N. B, Chapman, E. A. S. Cavell 

Hell, Anna Elisabeth. British. 3, Eldon Grove, London, N.W.3. Student at Somerville College, 
Oxford Signed by; L. A. K. Staveley, R. E. Richards. 

Higson, Helen Margaret, 13.A. (Cantab.). Lritish. 13, Ragworth Place, Norton, Stockton-on-Tees 
Kesearch Chemist with Shell Research, Ltd. Signed by: J. Yates, PF. H. Newth 

Hollander, Jerome, 3.A. (New York). American. Chemistry Department, University of North 
Carolina, Chapel Hill, North Carolina, U.S.A. Graduate Student. Signed by: J. F. Bunnett, 
D. B. Bright 

Hollinghurst, Ralph. British. Keble College, Oxford. Student. Signed by: L. A. K. Staveley 
G. D. Parkes 

Hurdman, Gillian Iris Mary. Writish. 37, Vicarage Road, Yardley, Birmingham, 33. Undergraduate 
at St. Hilda's College, Oxford. Signed by: L. A. K. Staveley, M. L. Tomlinson 

Jackson, Colin, 4. Sc. (Dunelm). British. 17, Bideford Gardens, Low Fell, Gateshead, 9, Co. Durham 
Research Student. Signed by; G. A. Swan, H. Marsh 

Jones, John Royston, B.Sc. (Wales), A.K.1.C. British. Bristol House, Cefn Road, Blackwood, Mon- 
mouthshire, Research Student at Cardiff University. Signed by: |. W. Bayles, N. Thorne 

Jones, Raymond Arthur. British. 21, Haddon Grove, Sidcup, Kent. Analytical Chemisty. Signed 
by: J. Kh. Barr, H, Green, 

Khin, Aung, 1). Sc. (Lond.), B.Sc. (Rangoon). Burmese. 14, Aungthabye Street, Sangyaung, Rangoon, 
Burma, Student. Signed by: A. 1. Vogel, G. H. Jeffery. 

Kubota, Takashi, lr. Sc. (Osaka), Japanese. c/o The Institute of Polytechnics, Osaka City University, 
12 Minami-Ogimachi, Kitaku, Osaka, Japan, Professor of Organic Chemistry. Signed by 
S. Murahashi, T, Sakan 

Mallett, Kenneth George. Uritish. 35, Hunter's Lane, Richmond, Sheffield, 13. Undergraduate at 
Queen's College, Oxford. Signed by: L. A. K. Staveley, J. W. Linnett 

Mayuranathan, Puthamkurichi Subramanyaiyer, 2A. and M.Sc. (Madras). Indian. Maharaja's 
College, Ernakulam, S. India. Professor of Chemistry. Signed by: K. Venkataraman, C. K 
Ingold 

Mee, Alec, Sc. (Liv.). British, Tweenways, Beckintch Lane, Belper, Derbyshire. Demonstrator at 
Liverpool University, Signed by; W. B. Whalley, A. MeGookin 

Mester, Laszlo, |) Chem.Eng. (Budapest Tech. Univ.). Hungarian. Krisztina krt. 45, Budapest I, 
Hungary. Lecturer and Assistant Professor at the Techn. Univ. Budapest. Signed by: J. Kovacs, 
Z. Foldi 

Miller, John Alfred. British. 468, London Road, Davenham, Nr. Northwich, Cheshire. Student at 
Hull University. Signed by: G. W. Gray, K. Clarke. 

Mulay, Laxman N., M.Sc. and Ph.D. (Bombay), A.R.LC. Indian. Department of Chemistry, Harvard 
University, 12, Oxford Street, Cambridge 38, Massachusetts, U.S.A. Research Fellow. Signed by: 
K. E. Glick, F. G. A. Stone 

Nakamichi, Masumi, U.S. (Illinois). American. 428, North Noble Street, Chicago 22, Illinois, U.S.A 
Graduate Student at the University of Illinois. Signed by: K. Daniels, L. Bauer. 

Norton, Albert, M.A. and B.Sc. (Oxon,), F.R.L.C. British. Rowntree and Co. Ltd., The Cocoa Works, 
York. Manager, Products Research and Development Department. Signed by; E. E. Wells, 
Fr, 5S. Dainton 

Otter, Raymond James, B.Sc. (Reading). British. 22, Warwick Road, Reading, Berks. Research 
Student at Reading University. Signed by: C. L. Leese, J. E. Prue. 

Peel, Mervyn Evan, M.Sc. (Lond.). British. 45, St. Margarets, Stanstead Abbotts, Nr. Ware, Herts 
Research Chemist with Allen and Hanbury'’s Ltd., Ware. Signed by; E. P. Taylor, J. H. Hunt. 
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Perriman, Rodney John. British. 38, Featherby Koad, Gillingham, Kent. Student at Southampton 
University. Signed by: N. B. Chapman, E. A. S. Cavell 

Pitches, Marion Doreen. British. 17, Northcote Avenue, Ealing, London, W.5. Student. Signed by 
W. J. Hickinbottom, D. M, Grove. 
Potter, David John Bretion, B.Sc. (Reading). British. 28, Balmore Drive, Caversham, Reading, Berks 
Postgraduate Research Student at Reading University. Signed by: C. L. Leese, J. E. Prue. 
Rogers, Terence Edward. British. 15, Shaftesbury Koad, Southsea, Hants. Student at Queen Mary 
College, London, Signed by: R. F. Garwood, L). M. Grove 

Roth, Barbara, M.S. and Ph.D. (Northwestern), American. The Wellcome Research Laboratories, 
Tuckahoe 7, New York, U.S.A. Senior Research Chemist. Signed by: P. B. Russell, G. B. Elion, 
G. H. Hitchings 

Rothery, Edward Joseph, B.Sc. (U.C.D.). Irish. 109, Thomas Street, Dublin. Assistant Distiller, 
John Power and Son, Ltd. Signed by: P. F. Devitt, J. E. Gowan 

Ryan, Adrian John, B.Sc. (Sydney). British. Flat 1, 65, lletcher Street, Bondi, N.S.W., Australia, 
Teaching Fellow. Signed by; A. J. Birch, R. J. W. Le Feéevre, A. V. Robertson 

Scott, John James, M.A. (Cantab.). Ph.D. (Lond.). British. Department of Chemical Pathology, St 
Mary's Hospital Medical School, Paddington, London, W.2. Kesearch Worker and Lecturer 
Signed by: A. Neuberger, C. E. Dalgliesh 

Skinner, Leonard Harold. British. 15, Canonbury Lane, Islington, London, N.1. Student at Queen 
Mary College, London. Signed by: M. J. S. Dewar, R. F. Garwood 

Sklarz, Benjamin. British. 36, Amhburst Park, London, N.16. Student. Signed by: F. G. Mann, 
A. G. Sharpe. 

Spainhour, James Dudley, B.S. (N. Carolina). American, 3206, Crestwood Lane, Glenview, Ulinois, 
U.S.A. Graduate Student at Northwestern University Signed by: F. G. Bordwell, F. Basolo 

Stone, James Bryan, B.Sc. (Lond.). British. 36, Wilson Avenue, Summit, Heywood, Lancs. Research 
Student at Queen Mary College, London. Signed by: M. F. Ansell, R. F. Garwood 

Tapping, Kenneth George. British. 39, Maidcroft Koad, Cowley, Oxford. Student at Oxford Univer- 
sity. Signed by: L. A. K. Staveley, A. S. Bailey 

Trotter, James, B.Sc. (Glas.). British. 32, Banavie Road, Glasgow, W.1. Assistant Lecturer. Signed 
by: D.S. Payne, J. C. Speakman. 

Varma, Jyoti Prasad, M.Sc. (Luck.), A.R.LC. Indian. National Chemical Laboratory, Poona-8, India 
Research Chemist. Signed by: G.I, Finch, RK. C. Shah 

Vredenburgh, Walter Anthony, M.A. (Wisconsin). American. 5854, Terry Place, Madison 5, Wisconsin, 
U.S.A. Research Assistant at the University of Wisconsin. Signed by: W. S. Johnson, S. M. 
McElvain. 

Waghorn, Michael John, A.R.I.C. British. 14, Wexham Koad, Slough, Bucks. Research Chemist 
with I.C.I, Paints Division, Slough. Signed by: H. Brunner, D. J. Walbridge 

Walker, Derek, 18.Sc. (Lond.), Ph.D. (Leeds), A.R.1.¢ British. 55, County Koad South, Willerby 
Koad, Hull, Yorks. Research Chemist at the United Kingdom Atomic Energy Authority. Signed 
by: G.I. Gregory, A. J. S. Sorrie. 

Wijesekera, Rahula Oliver Barnes, B.Sc. (Ceylon), A.R.L.C. Ceylonese. Department of Chemistry, 
The University, Sheffield, 10. Research Student. Signed by: J. Grimshaw, P. L. Pauson 

Wise, David Victor, B.Sc. (Lond.), British. 180, Skipton Road, Keighley, Yorks. Research Student 
at Queen Mary College, London, Signed by: M. I’. Ansell, K. F. Garwood 

Wooldridge, John Raymond, B.A. (Cantab.). ritish. Bentley Hyde, Priory Drive, Stanmore, Middle 
sex. Research Student at Birkbeck College, London. Stgned by: W. G. Overend, C. W. Rees 

Zayed, Salah Mohamed Abdel Dayem, M.Sc. (Cairo). Egyptian. Chemistry Department, Faculty of 


Science, Cairo University, Giza, Egypt. Demonstrator, Signed by: M. I, Ali, M. Kamel. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Agarwal, Om Prakash, M.Sc. (Allahabad), B.T. (Bombay). Indian. Mahmud School, Raub, Pahang, 
Malaya. Senior Science Master, Signed by; R. A. Robinson, 

Blum, Dieter Wolfgang, Dipl. Chem. (Heidelberg). German. Mundenheimerstr. 168, (22b) Ludwig- 
shafen a.Kh., Germany. Chemist. Signed by: K, Kuhn 

Nery, Raghoonandan, B.Sc. (Muhlenberg), Ph.D. (Lond.), A-K.LC. British. George Herbert Jones 
Laboratory, Rm. 322, University of Chicago, Chicago 37, Lilinois, U.S.A. Post-doctoral Kesearch, 
Signed by: V. A. Williams. 

Seymour, Keith Morton, M.S. and Ph.D. (Washington). American. Butler University, Indianapolis 7, 
Indiana, U.S.A. Professor and Head of Department of Chemistry. Signed by: A. H. Fiske. 
Venkaji, Krishnaswamy, M.A. and M.Sc. (Annamalai). Indian. Salt Test Laboratory, Tondiarpet, 

Madras 21, India. Chemical Assistant. Signed by: V. Baliah 
Zifferero, Maurizio, Dr. Chem. (Rome). Italian. Istituto di Chimica Varmaceutica dell’ Universita, 
Rome, Italy. Assistant in pharmaceutical chemistry. Signed by: G. Giacomello, 
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PAPERS ACCEPTED 


(List of Papers accepted between November 28th, 1955, and December 5th, 1955, 
for publication in the Journal.) 


“ Aliphatic hydroxylamines, Part II. Autoxidation.” By Davin H. Jounson, 
M. A. TuoroLp Kocers, and G, TRAPPE. 

“ The synthesis of 5-pyrimidinyl sulphides and disulphides. Part II.” By G. R. 
SAKKER and Nypia G, Lutuy. 

‘Mechanism of substitution at a saturated carbon atom. Part L. Kinetic effects of 
phenyl and halogen substituents in alkyl halides on their reactions with halide ions in 
acetone.” By P. B. D, pe LA Mare and E. D. HuGues. 

‘ Mechanism of substitution at a saturated carbon atom. Part LI. ortho-Effects in 
solvolysis of arylalkyl halides, illustrating steric retardation in a unimolecular substitution.”’ 
By J. C. Cuariton and E. D. Hucnes. 

‘ Mechanism of substitution at a saturated carbon atom, Part LII. Polar and steric 
ortho-eflects in bimolecular Finkelstein substitutions of arylalkyl halides.”” By J. C. 
CHARLTON and E, D, HUGHES. 

“ Conductometric studies in ketonic solvents. Part II. Water in ketones.” By 
5. R. C. Hucnes. 

‘‘ Organic fluorine compounds, Part VI. The enolates of alkyl fluoroacetates.” By 
Ernst D, BerGMANn and §, SZINAl. 

Organic fluorine compounds, Part VII. The Perkin and similar reactions with 
fluoroacetic acid.” By Ernst D. BERGMANN and Jose SCHWARCZ. 

The oxidation of hydrocarbons and their derivatives. Part I. The observation of 
the progress of the reaction by pressure change and by analysis.”” By B. I. Parsons and 
C. J. DanBy. 

‘ The oxidation of hydrocarbons and their derivatives, Part I]. Structural effects in 
the ester series."’ By B. 1. Parsons and Sir Cyrit HINSHELWooD. 

‘ The oxidation of hydrocarbons and their derivatives. Part III. The réle of inter- 
mediates.” By B. I. Parsons. 

“ Tracer studies on ester hydrolysis. Part III. The alkaline hydrolysis of phenyl 
benzoate."” By C. A. Bunton and D, N. SpaTcHer. 

‘ The ammonolysis of methyl 2: 3-anhydro-p-furanosides. Part II, Methyl 2: 3- 
anhydro-5-O-methyl-a- and -§-p-lyxofuranosides.” By J. M. ANperson and ELizaseTu 
PERCIVAI 

“ The allomerization of chlorophyll.” By L. G, Jounston and W. F. Watson. 

‘The thermal decomposition of octadeuterocyclobutane and octatluorocyclobutane.”’ 

F. Gray and H. O. PritcHarn., 

Long-range effects in alicyclic systems. Part I. The rates of rearrangement of some 
steroidal dibromides.”” By D, H. R. Barton and A, J. Heap. 

‘‘ Kinetic studies in the phosphiny! chloride and phosphorochloridate series. Part V 
Evidence for a one-stage mechanism in the hydrolysis of diethy! phosphorochloridate.”’ 
By I. Dostrovsky and M. HALMANN. 

‘Some new tropine derivatives.” By R. Foster and H. R. Ina. 
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ADDITIONS TO THE LIBRARY 


The item marked with an asterisk (*) is for reference only. 


Brame, J. S. S., and Kine, J. G. Fuel: 
solid, liquid, and gaseous, Sth edn, 1955. 
Edward Arnold, 50s. 

Britton, H. T. S. Hydrogen ions: their 
determination and importance in pure and 
industrial chemistry. 4thedn. Vol. 1. 1955. 
Chapman and Hall, 70s. 

Burns, R. M., and Brapiey, W. W. 
Protective coatings for metals, 2nd edn. 
1955. (American Chemical Society Mono- 
graph Series, No, 120.) Reinhold, 96s. 

DANIELS, F., and ALBERTY, R. A. Physi- 
cal chemistry. 1955, Wiley. 52s. 

*Ferris, 5S. W. Handbook of hydro- 
carbons. 1955. Academic Press, 68s. 

Fieck, H. R. Synthetic drugs: a hand- 
book for chemists, physicians, and pharmacists, 
1955. Cleaver-Hume, 70s, 

Francis, W. Boiler house and power 
station chemistry, 3rdedn. 1955. Edward 
Arnold, 50s. 

137TH INTERNATIONAL CONGRESS OF PURE 
AND APPLIED CHEMISTRY. Stockholm, 1953. 
Abstracts of papers. 1953, Almquist & 
Wiksell. 45s, 

Lees, H. Biochemistry of autotrophic 
bacteria. 1955. Butterworths. 21s. 

Li, K. C., and Counc Yu WANG. (Eds.) 
Tungsten. 3rd edn. (American Chemical 
Society Monograph Series, No, 94.) 1955, 
Reinhold, 112s, 


LinsteaD, R. P., Etvipce, J. A., and 
WHALLEY, M. A course in modern techniques 
of organic chemistry. 1955. Butterworths. 


25s. 


Lowe, B. 
chemical and physical standpoint. 
1955. Wiley. 60s. 

Proceedings of the 6th meeting of the 
International Committee of Electrochemical 
Thermodynamics and Kinetics, Poitiers, 1954. 
1955. Butterworths. 84s. 

The Roger symposium. 
Wiley. 30s, 

SCHMIDT, 
chemistry, 7th edn, 


Experimental cookery from the 
4th edn, 


Adams 1955, 


J. <A text-book of organic 
(Revised and edited by 
N.Campbell.) 1955, Oliverand Boyd, 35s, 


SocirETY FOR EXPERIMENTAL BIOLOGY, 
Fibrous proteins and their biological signific- 
(Symposia of the Society for Experi- 
1955. Cambridge 


ance, 
mental Biology, No. 9.) 
Univ. Pr, 
(Presented by A. L. Bacharach.) 

COMMITTEE ON COMBUSTION 
Fifth symposium (international) 
on combustion; combustion in engines and 
combustion kinetics. 1955. Reinhold. 108s, 


H., and ScHawriow, A. L. 
1955. MeGraw- 


STANDING 
SYMPOSIA, 


Townsgs, C. 
Microwave spectroscopy. 
Hill, 84s. 


LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY 


Aberdeen. 
Australia, 
Birmingham. 
Bristol. 
Cambridge. 
Canada, 
Ceylon. 
Edinburgh. 
Exeter. 
Glasgow. 


Hull, 
India. 


Irish Republic, 


Leeds, 
Liverpool, 


Manchester, 


Newcastle and 
Durham. 


New Zealand. 


Northern lreland, 


North Wales, 
Nottingham, 
Oxford, 


Pakistan, 


St. Andrews and 


Dundee. 


Sheffield. 
South Africa, 
Southampton, 


South Wales. 


R. H. Thomson, Ph.D., F.R.1.C., Chemistry Department, The University, Old 
Aberdeen. 

Dr. K. H. Pausacker, Chemistry Department, University of Melbourne, 
Carlton, N.3, Victoria, Australia. 

J. C. Tatlow, B.Sc., Ph.D., Department of Chemistry, The University, 
Edgbaston, Birmingham, 15. 

P. Woodward, B.Se., Ph.D., Chemistry Department, The University, 
Woodland Road, Bristol. 

R. N. Haszeldine, B.Se., M.A., Ph.D., University Chemical Laboratory, Pem- 
broke Street, Cambridge. 

Professor J. K. N. Jones, M.Sc., Ph.D., A.R.LC., Queen's University, 
Kingston, Ontario. 

M. U. S. Sultanbawa, B.Sc., Ph.D., A.R.I.C., Department of Chemistry, 
The University, Colombo, Ceylon. 

G. O. Aspinall, B.Sc., Ph.D., Chemistry Department, King’s Buildings, West 
Mains Road, Edinburgh. 

K. Schofield, B.Se., Ph.D., F.R.L.C., Department of Chemistry, The 
University, Exeter. 

D. S. Payne, B.Sc., Ph.D., A.R.I.C, Chemistry Department, The University, 
Glasgow, W.2. 

G. W. Gray, B.Sc, Ph.D., Chemistry Department, The University, Hull. 

Professor T. R. Seshadri, M.A., Ph.D., F.R.LC., Department of Chemistry, 
The University, Delhi, India. 

D. O Tuama, M.Sc., Ph.D., F.1.C.1., Medical Research Council of Ireland, 
The Laboratories, Trinity College, Dublin. 

E. Rothstein, Ph.D., D.Sc., A.R.C.S., Organic Chemistry Department, The 
University, Leeds, 2. 

A. K. Holliday, B.Sc., Ph.D., Department of Physical and Inorganic Chem- 
istry, The University, Liverpool. 

D. W. Broad, Ph.D., A.K.L.C., Imperial Chemical Industries Limited, 
Research Department, Widnes Laboratory, Widnes, 

G. R. Barker, B.Sc., Ph.D., Chemistry Department, The University, 
Manchester, 13. 

A. C, Farthing, M.A., B.Sc., Imperial Chemical Industries Limited, Hexagon 
House, Blackley, Manchester, 9. 

G. A. Swan, D.Sc., Ph.D., F.R.LC,, Department of Chemistry, King’s 
College, Newcastle-on-Tyne, 1. 

Professor S. N. Slater, M.Sc., D.Phil., A.R.L.C., Chemistry Department, 
Victoria University College, Wellington, New Zealand. 

R. G. R, Bacon, PhD., A.R.C.S., Chemistry Department, 
University, Belfast. 


J. E. McKail, Ph.D., Department of Chemistry, University College of North 
Wales, Bangor. 


Queen's 


Ph.D., F.R.1L.C., Chemistry Department, The University, 
University Park, Nottingham. 
L. A. K. Staveley, M.A., Inorganic Chemistry Laboratory, South Parks 
Road, Oxford, 
M. I. D. Chughtai, M.Se.Tech., 


Ph.D., A.R.LC., Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan. 


C. Horrex, M.Sc., 
St. Andrews. 

H. J. V. Tyrrell, M.A., B.Sc., Chemistry Department, The University, 
Sheffield, 10. 

Professor F. L. Warren, Ph.D., F.R.LC., De ment of Chemistry, 
University of Natal, P.O. Box 375, Pietermaritzburg, South Africa. 

N. B. Chapman, M.A., Ph.D., Department of Chemistry, The University, 
Southampton. 

K. W. Sykes, M.A., B.Sc., D.Phil., Department of Chemistry, University 
College, Singleton Park, Swansea, 


Ph.D., Chemistry Department, The University, 


February, 1956 


PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


ANNIVERSARY MEETINGS 


Monday, March 26th--Wednesday, March 28th, 1956, 


Full details of the Anniversary Meetings to be held in Nottingham have been issued 
as a separate notice. 


SCIENTIFIC MEETINGS DURING APRIL, 1956 
BRISTOL. 


Thursday, April 26th, 1956, at 5.15 p.m. 


Lecture, Magnetism and the Shape of Inorganic Molecules, by Professor R. S. 
Nyholm, D.Se., A.R.L.C. Joint Meeting with the Student Chemical Society, 
to be held in the Chemistry Department, The University. 


IRISH REPUBLIC, 
Wednesday, April 18th, 1956, at 7.45 p.m. 


Lecture, The Organisation of Intracellular Reactions, by Mr. F. Winder, M.Sc. To 
be given in the Chemistry Department, University College, Dublin. 


MANCHESTER. 
Thursday, April 19th, 1956, at 10.30 a.m. to 6.30 p.m. 


Symposium, Lubrication. Joint Meeting with the Institute of Petroleum, the Royal 
Institute of Chemistry, and the Society of Chemical Industry, to be held in the 
Large Chemistry Theatre, The University. 


NORTHERN IRELAND. 
Thursday, April 19th, 1956, at 7.45 p.m. 


Lecture, Adsorption by Porous Solids, by Professor D. H. Everett, M.B.E., M.A., 
D.Phil. Joint Meeting with the Royal Institute of Chemistry and the Society 
of Chemical Industry, to be held at The Queen’s University, Belfast. 


ST. ANDREWS AND DUNDEE. 
Friday, April 13th, 1956, at 5.15 p.m. 


Lecture, A New Chemistry, by Dr. R. N. Haszeldine, B.Sc. Joint Meeting with the 
University Chemical Society to be held in the Chemistry Department, St. 
Salvators College, St. Andrews 


OFFICIAL ANNOUNCEMENTS 
DEATHS. 
The Council regrets to announce the deaths of the following Fellows 


Elected, Died. 
David Runciman Boyd (Fordingbridge) 

(C, 1924—27) ... Dec. 6th, 1894. Dec. 28th, 1955. 
James Lewis Howe (Lexington, Va.) Dec. 7th, 1882. Dec, 20th, 1955. 
James Howard Linday (Beeston) une 17th, 1903. Dec, 12th, 1955. 
Michael Selleck (Egham) July 15th, 1954. Dec. 15th, 1955. 
Frank Sherwood Taylor (Crowthorne) ‘eb. 18th, 1926 Jan. Ist, 1956. 


CONGRATULATIONS, 
The President has conveyed the congratulations of the Society to the following Fellows 
whose names appeared in the New Year Honours List : 


DBE. 
Kathleen Lonsdale (London, W.C.1). 
CBE, 
Cecil Edwin Henry Bawn (Liverpool). 
ELECTION OF NEW FELLOWS. 
The following 81 candidates were elected Fellows of the Society on January 19th, 1956 


Douglas Einar Applequist. 
Burton Lawrence Appleton. 
John Arthur Baldrey, 

lan Knowles Barben, 

John Bolton Bird, 

Sydney Kenneth Brownstein, 
ernest E, Campaigne, 

Gino Carrara, 

Eugene Anthony Cherniak, 
Arthur Kenji Cho, 


Basil James Frederick Christie. 


David Cohen, 

Graham Frederick Cox. 
Harry Koscoe Cross, 
John Edward Downes, 
John William Ducker, 
Stanley Frederick Dyke. 
Ronald Sydney Fielder. 
John Michael Foster, 
Andre Goosen, 


Hylton Judith Grenville-Wells. 


Claibourne Eugene Griffin, 
Ronald James Gutteridge. 
Anthony Richard Hands. 
Albert Montagu Harper, 
Frances Rose Harper. 
Robert John High, 
George Holzman. 

Kay Clyde Houtz, 

Minoru Imoto, 

Wiliam James Jackson. 
Frank Llewellyn Jenkins, 
Peter Kennedy, 

Herbert Harold Keppler. 
Alan Hodgson Laird, 
Sandra Ina Lamb 

Joseph Lionel Latham, 
David Lavie, 

Joseph M. F. Leaper, 
Derek Leaver, 

John William Lee. 


Richard James Mardell. 
ames Frederick Marten. 
Takeshi Matsumoto. 
Walter Maya. 
Sydney Middleton. 
Michael Charles Miller, 
Philip Molyneux. 
Ronald Haywood Moore. 
Terence Michael Moynehan, 
Masazimu Nakagawa. 
S. Neelakantan, 
— Dorothy Popkin. 
Jennis Thornton Price, 
Robert Puckowski, 
Alan Trevor Radcliffe, 
Svein Kamstad. 
John Leslie Randall, 
Gudipaty Sreenivas Rao, 
Peter John Kichardson. 
Thomas Riley. 
Michael John Temple Robinson, 
Alan Rowland Rogers. 
Louis Herman Rombach. 
Carol Kilbourne Sauers. 
Joseph Henry Scherrer, 
Louis Herbert Schwartzman. 
Mohammad Shafiq. 
Dennis Sherman. 
Edwin Julian Sparrow. 
Roy Neville Speake. 
John Alfred Stone, 
Robert Louis Stutz. 
Noboru Sugiyama. 
George Sutherland Tait. 
Alan John Vosper, 
Helmut Weigel. 
Leslie Edward West. 
John Wilkinson. 
Shou Yao Yeh. 
Yasuhide Yukawa, 
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ACTA METALLURAGICA. 


Fellows are reminded that they may subscribe to Acta Metallurgica at the privileged 
rate of {3 6s. per annum. Renewal subscriptions by Fellows of The Chemical Society for 
1956 may be sent direct to: The Secretary, The Institute of Metals, 4 Grosvenor Gardens, 
London, S.W.1. 

Subscriptions from Fellows who have not previously received this journal should, in 
the first instance, be sent to: The General Secretary, The Chemical Society, Burlington 
House, London, W.1. 

All orders, whether renewal or new subscriptions, should be accompanied by a remittance 
to cover the privileged subscription rate of {3 6s. per annum. Cheques should be made 
payable to “ The Institute of Metals "’ in all cases. 


PERKIN CENTENARY CELEBRATION. 
The discovery of the first synthetic dyestuff by William Perkin is to be celebrated by a 
Conference and social functions from 7th to l0th May, 1956 
The Celebration is being sponsored by the Royal Society, the Chemical Society, the 
Society of Chemical Industry, the Society of Dyers and Colourists, the Royal Institute of 
Chemistry, and the Association of British Chemical Manufacturers. 
The General Secretary of the Centenary Committee is Mr. |. W. Nicholls, c/o The Society 
of Dyers and Colourists, 19 Piccadilly, Bradford 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 


held in the Large Chemistry Lecture Theatre, Imperial College of Science and Technology, 
South Kensington, London, S.W.7, on Thursday, January 19th, 1956, at 7.30 p.m. 


The President, Prorgssor W. WArpLAw, C.B.E., D.Sc., F.R.LC., was in the Chair. 


MINUTES. 


The Minutes of the Scientific Meeting held at Burlington House on December 15th, 
1955, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society : Derek C. Burke, Gabriel P. Fazi, 
Neil R. Williams, Walter J. Le Quesne, Jolin S. Nicholson, R. lan T. Cromartie, Enid Gillian 
Holmes, John S. Little, R:,C. Sheppard, R. H. McDowell, Nathan C. Hindley, and Barbara 
M. G. Pratt. 


TILDEN LECTURE. 


The President called upon Dr. G. W. Kenner, M.Sc., to deliver the Tilden Lecture 
entitled ‘ Recent Progress in the Chemistry of Peptides.’’ At the conclusion of the 
Lecture, a vote of thanks to Dr. Kenner, proposed by the President, was carried with 
acclamation. 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


eli ishing to lodge objection to the election of these candidat uld communicate 
Honor cretavy within ten days of the date of publication of t journal for February, 1956 
f bye lion ill he treated as ci nfids niial lhe form of at t lication a j in the Library.) 


Acton, Edward McIntosh, '3.S. (Stanford American, 382, M: ough Street, Boston 15, Ma 
tt U.S.A tudent at Massachusetts Institute { Techr r ned by A ¢ Cope, H 
he 
Aghoramurthy, Krishna Sastri, 1) Sc. (Madra M.Se. and Ph.D. (Delhi Indian 
Laboratory, South Parks Koad, Oxford 1851 Iéxhibition Scholar igned by L 
H mith 
Augustine, Robert Leo, bl) Creighton), M.A jumbia 
Havemeyer Hall, Columbia Unive: \ k, N 
Kt. A. L. Wilson 
Baldwin, Brian Charles, Pritish 
M. J Dewar, R. F. Garwood 
Banfield, James Edmund, M.Sc. and Ph.D), (Melbourn Dritish 
outh Wales, Australia, Lecture igned b 
Barber, Michael. sritish 166, vulge ine, Hyd 
Oxford igned by re ey ta y, |. Vi Lin 
Birt, Lindsay Michael, 13.Ag.S« : } 17 
University of Melbourne, Vict 


Brain, Edward George, B.Sc. (Lond.) 
igned I 4. Bb. Simmonds, | 
Braunholiz, John Theodore, M.A 
Research Fellow at Trinity Col I _ i 
Bullock, Eric, 1.A. (Cantab Britis! 22, oldcarr Road, Hull, ¥ 
ottingham University. Signed i A ', Johnson, W. E. Addison 
Cade, Joseph Anthony, B.Sc. and Ph.D 
Birmingham Kesearch Chemist 
Cave, Robin John, 1.A. (Oxor Gritish 
taveley, ]. B. Lean 
Conroy, Harold, 1 (\ , Ph.D. (Harvard A al jrande iv ity, Waltl 
Massachusetts, U.S.A Assistant Professor igned by ler 0 J. H. Richard 
Couzens, Peter John, 13.Sc. (Lond.) British, 34, Campbell Avenue, [ford ’ Kesearch Stud 
i by J | Couzens, M | LM ir 
Cross, Alexander Dennis, I: and Ph.D vf britis 69, Genes uk B vard, Roche 


r I A esearch Fellow of tl (niversit of ktoche y J S. Tarlhe 


sunde 

Crump, John William, 1}.A. (Calif Ame 219, No aborator ‘ y of Illinois, Urb: 
Illinois, | \ (sraduate Student med by | Curtin, Kk. St ’ 

Dowbenko, Rostyslaw, Ph. (Northwestern American Chemistry part t Northwe 
Unive ty, Evanston, Hlinois, 1 \ Graduate Student Signec » Dryden, |} 
bordw 

Duell, Michael John. Dritish 

ignéd ft A J lk. Robertson 

Earl, Nicholas John, Jritish. 23, r rent tudent ; niversity 
Oxford igned by L. A. K i 

Edwin, Etisha Eliazer, 13:A. (Madras), M.Sc. (Lor Indian, 103, King Charles Road, 
surrey Kesearch Chemist stened by Mamalis, D. McHalk is 

Elliott, Keith, BS Lond 221, Charlbury Road, wihar earch 

igned by ( A. Bartram, N. ¢ Ix rit 

Erskine, Richard Leslie, 1 Lond 
earch Assistant at Imperial College : ry . aight, ' | kman 

Fazakerley, Harry, }.5c. (Manc.). [ritis! 30, Lati oad, lington, Oxford. 
tudent at Oxford Universit, vel icker 

Findlay, Stephen Powell, A.M., and Ph.D. (Princeton American 
Metabolic Diseases, National Institutes of Health, Bethesda 
Organic Chemistry Signed by H. G, Fletcher, FE. Mosettig 

Frahn, John Leslie, M.S (Adelaide), Ph.D. (Edin Australian i hi 
General Nutrition, C.5.1.R.O., Adelaide University, South Austral Research Officer 
l }. A. Mills, H. J. Rodda, B. O. West 

Garbers, Christoph Friedrich, \i.Sc. (Pretoria), irich ith African. National Chemical 
Research Laboratories, P.O. Box 305, *retoria, ‘ ri i ( I 1cmiust igned by 


DH Horn, |]. P. de Villiers 
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Greenhalgh, Edward. British. 22, nae Avenue, F 
Signed by: A. Hickling, A. K. Hollid: 
Hackmann, Johannes Thomas. Dutch. 2, we 
at the Woodstock Agricultural Research Centre, 
Harry, Ernest Roland. Uritish. 183, Cathedral 
Campbell Harry and Co. Ltd_, Cardiff wignes by 
Hathaway, Brian John, b.Sc. (Lond.), A.R.LC. 
Demonstrator at Nottingham University. 
Haynes, Charles Geoffrey, 16.Se. (Lond.). 
Research Chemist Signed by: D.S 
Herrington, Thelina Marlow. British. 
University Signed by: L. A. K. Staveley, M. L 
Howell, Walter Colston, M.S 
Postdoctorate Fellow at Nottingham University st 
Jones, Paul Raymond, %.A. (Albion Coll.). American 
U.S.A Graduate Student at the 
Knowles, Aubrey. lJritish. 24, Percy Road, 
M. | Dewar, W. J. Hickinbottom 
Kovaes, Odon Kalman Jozsef, Ph.l). (Szeged Hung 
Un Szeged, Beloiannisz-ter 8, Hungary 
J. Kova 
Lambert, Robert Wilson. 
London. Signed by: J 
Levin, Stephen Harris, Ph. 
of Wisconsin, Madison 6, Wis., U.S.A. Student 
Lloyd, Gordon, B.Sc. (Liv.). British Derw 
Signed by; W. B. Whalley, R. J. S. Beer 
McKellar, John Ralph, }3.Sc. (Ac delaide Austral 
Australia Student Signed by: B. O. We 
MeNicoll, Hilary. British 4, Apsley Street, 
Garwool, 


LD). M. Grove, K. 1 
Magee, Brigid Teresa, }' (N.U.L.), British 
Barker, M, A 


Teacher . ned by i R 
Marks, Burton §., M (Miami), Ph.D. (Poiyt 
A venus N.Y., U.S.A. Sen 
Katchman 
Masamune, Satoru, A. 
berkeley 4, California, | 
Nove e 
Matthews, Gerald William John. Jritish 
ham University Signed by: C. C. Addisor 
Mellander, Olof. Swedish. Department of Med 
Professor of Medical Bio« he mistry. Signed b 
Middleton, John Ernest, B.Sc. (Lond.). British 
k.18, Lecturer in Chemistry at Leeds College 
Lurnham 
Miller, Nicholas, 5c. and 
The University, Edinburgh 
O’Donnell, Thomas Aloysius, M.Sc. and Ph.D 
sity of Melbourne, Carlton, N.3., 
kK. N. Haszel 
Pantall, David Bri an, 
with Messr A 
Patterson, Basil Charles. 
by: G. Mattock, G. L. Davies 
Poynder, Theodore Michael, 13.Sc. (Iond.) 
ment Chemist igned hy: (y 
Pullom, Ernest Noel, V’h.C. 
O. H. Waller, G, P. Fe 
Read, Gordon, B (Nott 
gned by J. E. Davies, C. ¢ 
Rickard, Beryl, 1.5: (J ond.), A.R.LA British 
Kensington, $.W Dermot trator in Or 
Robinson, Ann Elisabet th, B.Pharm. (Lond.) 
in P 
Ryland, Thomas Owen, I3.4 
tudent at Purdue U 
Seoane, Eliseo, Ph.D. (Madrid). Spanish 


es i iret Sign by Db 


e Park, 


Signe 
Sritish 
Davies, J 


Winchmo 


ersity 


British. Fold Farm, Kettle 


and M.S. (Chicago 


‘iagara Fall 


Japanese 
Graduate 


(Tohoku) 


ISA 


Ph.D. (Lond.), P.RLL« 


Senior Lex 


(Melb 


ment, ‘ 


British 
ts and Co 
18, ‘ 


16, 
Ltd., Li 
dW 


(Nott.) 
Kober 
Gritish 


ae ya kee 


rehar 


British 
Mason, M. | 
British. 28, Essex Stre 
rrester 

British. 22, Wood 


Addison 


Assistan harmacenti 


Road, 


H 


University of Ilinoi 


Victoria, Australis 


urmnworth, 


Hert 


Sitting) 


Car 


35, Spencer Road, W 
Tomlinsor 


and Ph.D. (Western Ontario). Canadian 


Honeyman, A. J. B. Roberts: 
Ameri 


inte 


} 
gned 64 


eng 


Lancs, Student at Liverpool Univer- 


Kent. Senior Research Chemist 
Signed by: J]. KX. Eaton, J. Yates 
Assistant Analyst to Messrs. J 
: KK W Sykes 

lerrace, The Park, Nottingham 
, W. E. Addison 
Grangemouth, 


Bay, 


Stirlingshire 


don, S.W.20. Student at Oxford 


1B, Burns Street, Nottingham 
H. Booth, C. C. Addison 

Noyes Laboratory, Urbana, Illinois, 
ed by; D, Y. Curtin, E. J. Corey 

London, N.21 Student Signed by 

Organi 
Signed by G 


Chemistry, Th 
odor, 


Institute of 
e Professor 


Student at King’s College, 


Department of Chemistry, University 


J. R. Dyer, E. E 
‘rescot, I 


Simnissman 


ines Kesearch Chemist 


Avenue, Blair Athol, Enfield, South 


orks. Student. Signed by 


Altrincham, Cheshire 
Walnut 


Hoch, \ 


Americat 1717 
gned by -% 


alifornia, 
Jiu, Ld. Sy 


ry, University of ¢ 
y, y 


jun., J. 


Streitwieser, 


ke, Plymouth Student at Notting 


, University of Gothenburg, Sweden 
]. As 


Road, 
sencd br 


sclineau 
muth 


A. J.B 


Woodford, London, 
Spaull, W. Kk 


Natural Philosophy Depart 

]. Haynes, J]. H. Knox 
Chemistry Department, Univer 
ned by Hi | Emeléus 


1! Chemical Engineer 
G. A. Weeks, J, A. Dean 


onal Serviceman, Signed 


+, Baxley, Kent Develop 


W.C.2 Iiditor Signed by 


London, 


xon esearch Student 


Consort Road, South 
Glasson, E. K 


surrey Kk 


el, Prince 
Dk March 
search 


Craduate 
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Shapiro, Elliot L., M.S. (Polytech. Inst. of Brooklyn). American. Chemical Research Department, 
Schering Corporation, Bloomfield, New Jersey. Research Chemist. Signed by: F. H. Clarke, jun., 
K. H. Barry. 

Sharpe, Christopher James, }3.5¢. (Lond.). British. 63, Nevern Square, London, 5.W.5. Post Gradu- 
ate research. Signed by: W. A. Ross, D. R. Goddard. 

Sinclair, Henry Beall, 8.5. (Calif). American. Chemistry Department, Massachusetts Institute of 
Technology, Cambridge, Massachusetts, U.S.A. Student. Signed by: A. C. Cope, H. O. House. 

Srinivasan, Parithychery Rengaswamy, M.Sc. (Ganaras), Ph.D. (Madras). Indian. Department of 
Biochemistry, College of Physicians and Surgeons, 630W, 168th Street, New York 32, N.Y., U.S.A. 
Kesearch. Signed by: M. P. Gordon, D. Rittenberg. 

Stein, Robert A., 3.5. (Northwestern), Ph.D. (Ill. Inst. of Tech.). American. Department of Physio- 
logical Chemistry, School of Medicine, University of California, Medical Center, Los Angeles 24, 
California, U.S.A. Research Chemist. Signed by: K. Mislow, D. K. Howton. 

Buddaby, Olaf, Sc. (Dunelm). British. c/o Acheson Colloids, Ltd., Research Department, Prince 
Rock, Plymouth, Devon. Research Chemist. Signed by: E. A. Smith, R. Kellaway 

Szatkowski, Witold, 3.Sc.(N.U.1.), British. 18, Manor Court Road, Hanwell, London, W.7. Research 
Chemist. Stgned by: M. VF. Carroll, KR. L. Blackmore 

Tanner, Elsie May, 13.Sc. (Lond.), A.R.L.¢ British. 28, Walton Drive, Harrow, Middlesex. Physical 
Chemist with Parke Davies and Co. Lid., Hounslow. Signed by: RK. E. Bowman, E. N. Morgan 

Taylor, Kenneth John, B.Sc. (Manc.). British. 17, Weybridge House, Woodberry Down, London, N.4 
Research Student. Signed by: G. R. Barker, W. B. Turner 

Thompson, Clifford Francis, 13.5. (Maryland). American. 606, W. Ohio Street, Urbana, Illinois, U.S.A 
Graduate Research Assistant, University of Illinois. Signed by: LD. Curtin, R. J. Crawford 

Tommila, Eero Akseli, Dr Phil. (Helsinki). Finnish. Hallituskatu 5, Helsinki, Finland. Professor of 
Vhysical Chemistry, University of Helsinki. Signed by: C. N. Hinshelwood, R. Nasanen. 

Wells, John William, 13.Sc. (Queensland). British. Chemistry Department, University of Queensland, 
St. Lucia, Brisbane, Queensland, Australia. Student. Signed by: T. G. H. Jones, L. R. Wilson 

Wilkinson, David Ian, B.Sc. (0.U.L.). British. 104, Eglantine Avenue, Malone Road, Belfast, N. 
Ireland. Research Student Signed by; RK. G. R. Bacon, R. A. Raphael 

Wootton, Lavinia Mary Olive, }.Sc. (Bris.). British. 160, Fore Street, Hertford, Herts. Teacher 
Signed by: W. Davey, D. H. Richardson 

Wylie, Alexander, ).Sc. (Gias.). British. 11, Clyde Road, Gourock, Renfrewshire. Research Student 
Signed by: D. H. R. Barton, K, H. Overton 
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Caughey, Winslow Spaulding, M.S. (New Hampshire), Ph.D. (Johns Hopkins University). American. 
Department of Chemistry, The Johns Hopkins University, Baltimore 18, Maryland, U.S.A 
Research Chemist. Signed by: A. Nickon 

Hamilton, Floyd Dudley, A.B. (Emory). American. 100, Syivia Street, West Lafayette, Indiana, 
U.S.A. Graduate Student at Purdue University. Signed by: P. Smith. 

Hrutfiord, Bjorn Frederick, 8.5. (Washington). American. Department of Chemistry, University of 
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Ikeda, Yoshitsugu, B.Sc. (Tokyo). Japanese. Department of Chemistry, Wakayama University, 
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stown, N.J., U.S.A. Chemist with The Rohm and Haas Co. Signed by: D. G. Turpin. 
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PAPERS ACCEPTED 


(List of Papers accepted between December 6th, 1955, and January 17th 1956, for 
publication in the Journal.) 


‘ Cellular constituents. The chemistry of xanthine oxiklase. Part I]. The question 
of homogeneity of crystalline metallo-flavoprotein fractions,’’ By P. G, Avis, F. BerGet, 
R. C. Bray, D. W. F. James, and K. V. Suoorer. 

“ Cellular constituents. The chemistry of xanthine oxidase. Part III. Estimations 
of the co-factors and the catalytic activities of enzyme fractions from cow's milk.” By 
P. G. Avis, F. BerRGEL, and R. C. Bray. 

“The structure and reactions of dinitrogen tetroxide.’ By ZoLtTAN Gs. SZABO, Lajos 
(. BARTHA, and BELA LAKATOs. 

‘ Interrelationship between viscosity and boiling point of homologous liquids.” By 
SANTI R. PALIt. 

The Hg-Hg bond length in the mercurous ion. Part |. The erystal structure of 
mercurous nitrate dihydrate.” By D. Grpeni¢ 

‘The Hg-Hg bond length in mercurous ion. Part Il. The erystal structure of 
mercurous fluoride.’ By D. Grognié and C. Djorpjevu 

‘ The influence of the reaction medium on the relative apparent electron-donating 
effects of different alkyl groups.”” By E. SKINNER 

‘ Stabilities of complex compounds of metals. Part Il. The system di(tri-a-buty!l 
phosphine)dichloropalladium(t1)-m-octylamine.”” By B. Meppines and A, R. Burkin, 

The dipole moments of pyridine, quinoline, and isoquinoline as vapours and as 
solutes.”’ By A. D, Buckincuam, J. Y. H. Cuau, H. C. Freeman, R. J. W. Le Fever, 
D. A. A. S. NARAYANA Rao, and J. TaRpIF 

‘ Some chain-substituted methincyanines and styry! «lycs."’ By Frances M. HAMER. 

‘ The mechanism of the Fries rearrangement.’ By N. M. CULLINANE, ALWYN G. 
Evans, and E. T. Ltoyp. 

‘ Stereochemistry of tropane alkaloids. Part IX. Selective quaternisation of tropan- 
3a-ol and tropan-36-ol and of their derivatives.’ By GAsor Fopor, KAroLy KoczKa, 
and JANos LestyAn. 

The reaction between cinnamic acid and phenols in presence of hydrochloric acid. 
A new method for the preparation of 3: 4-dihydro-4-phenyleoumarins,”” By J. D 
SIMPSON and HENRY STEPHEN. 

‘‘ Reactions of organic azides. Part V. The Schmidt reaction with fluorenones, The 
structure of the intermediate in the Schmidt ketonic reaction.” By C. L. Arcus, M. M. 
Coomss, and J. V. Evans. 

* Aryl-2-halogenoalkylamines, Part XVI. The preparation of derivatives of 4-(di- 
(2-chloroalkyljamino)azobenzenes."" By W. C. J. Ross and G. P. WARWICK. 

‘‘ The production of active solids by thermal decomposition. Part VIII, The calem 
ation of calcium hydroxide.” By D. R. GLasson 

The kinetics of hydrogen isotope exchange reactions. Part V. Partial rate factors 
for the hydrogen isotope exchange between toluene and sulphuric acid.”” By V. GoLp 
and D. P. N. SATCHELL. 

‘ The preparation and stability of dialkyl chloroboronates.”’ By M. F. Larrert. 

“ The polarography of niobium.” By D. J. Ferrerr and G, W. C. MILNER. 

‘ Thermodynamic ionization constants of barbituric acid and some of its derivatives.” 
By A. I. Bices. 

“A new method for the preparation of 9: 10-disubstituted anthracenes.”” By 
K. JASPER CLARK. 

“ The synthesis and stereochemistry of some trivalent arsenic compounds.” By 
I. G. M. CAMPBELL and R, C. PoLier. 

“ The preparation of cyclopentenones from the products of Stobbé condensations with 
aliphatic ketones.”” By M. Extiorr. 
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Studies in hydrogen-bond formation. Part VI. Complex-forming properties of 
| 


ters, and their relationship to the adsorption properties of cellulose acetate and other 
polymet By I’, M. Arsuip, C. H. Gites, and S$. K. JArm 
The colour of organic compounds, Part LX. A comparison of isomeric dyes 
4: Ta-diazaindan-l-one and -2-one.”"” By Enwarp B. Knott 
‘iso Thebaine the synthesis of 2:3:6 trimethoxyaporphine 4 By K. W. BENTLEY 
and FE. T. Brus 
“Some observations in relation to the Reissert reaction.” By R. I 
HENSHALI 


se 


. COLLINS and T, 


on organic fluorine compounds, Part V. Infrared 


tudies on fluoropyruvi 
ited compounds.” By Ernst D. BERGMANN 


, ABRAHAM KALMUS, and SHRAGA 


, 


* Hetero yclyl rhodanines and -2-thioh dantoins.” By EDWARD KNOTT 
Ihe hydrothermal chemistry of the silicates. Part VII sy 


aluminosilicate By R. M. Barrer and J. W. BAYNHAM. 
Liquid metals. Part IV. The wetting of zine by liquid sodium; the 


nthetic potas sium 


ignilicance 
of the critical wetting temperature.”” By C. C. Apprson, W. . Apptson, D. H. Kerripce, 
and J. Lew 
dyes derived from 2-methylindolo(2’ ; 3-4 : 3)quinoline 
d A. FF, Prior. 
he oxidation of 2-naphthylamine with benzoyl peroxide 
ind (in part) D. MANsow 
Phe reaction between diphenylpicrylhydrazy! and 2 
J. C, BEVINGTON 
. is of polycyclic compounds. Part IJ. The formation of 
anthrene from the isomeric 2-phenylethyleyclohexanols.” Isy (Mi 
BARDUAN, and K. C, BHATTACHARYYA 
thesis of polycyclic compound Part I\ Substituted 3-alkylphenanthrenc 
y J]. C. Barpuan, R. N, Apnya, and K. C, BHATTACHARYYA. 
 Carcinogenic nitrogen compound Part XVIII. The synthesis of some polycyclic 
carbazoles.”” By Ha. Pu. Buu-Hol and Prerre JAcQuIGNoN. 
“ Steroids and Walden inversion. Part XXX. The epimeric coprostan-3-ylamines 
ind cholest-4-en-3-ylamines.”’ By D. E. Evans, H. C. Ricuarps, C. W. SHopprr, and 
H. R. SUMMER 
‘ Solutions in sulphuric acid. Part XIX. The formation of tetra(hydrogen sulphato 
boric acid and its anion in solutions of boric acid and bort 
R. J. Gritespiz, and J. V. OupRmDpGE 
‘Chlorophyll and related substances. Part III. The synthe 
wer and R. P. Linsteap, with (in part) EF. A. PARKES and Epitu STEPHEN 
tic aromatic substitution, Part XI. The phenylation of toluene, ethy! 
an isopropylbenzene.” By D. H. Hey, B. W. Pencitty, and Gareru H. 


cyano-2-propy! radical 


as-octahydro 
) MANJULI Ray 


oxide.” By R. FLOWERS, 


of octamethylehlorin.’ 


WILLIAMS 


Homolytic aromati ubstitution. Part XII Reaction with 
te.” By D. H. Hey, C. J. M. Stiriine, and GAretn H. WILLtaAm 
The chemistry of extractives from hardwoods. Part XXVI. Experiments o 
ucalenol a new triterpene from Eucalyptus microcorys.” By J.S.G. Cox, F. E. Kine 


1. Kine 
1G 


rmodynamiec study of some iodine solution 


phe nyl iodoso 


hemical changes of some deoxybenzoins. yon. ABDE! 


’ 


AnMED ABpeL RASSOUL, and GABRA SOLIMAN. 

of aluminium chloride in some hydrocarbons.’ ] 
and HAROLD PROPHET. 
metallic compounds of the alkali metals Part VI. Evi e for the form 
alkyl! radicals during certain Wurtz reactions Homolytic reactions between 
alkyi-lit! compounds and alkyl halide .”” By D. Bryce-Sairi 


y FRED FAIRBROTHER 


NORMAN SCOT’ 
> cae ink 
ition of fr 


‘ Nucleotides, Part XXXV. cycloPentanone oxime /p-nitrobenzenesulphonate as an 
intermediate in the synthesis of nucleotide derivatives : an alternative synthesis of adeno 
sine-5’ triphosphate.” By B. H. CHAse, G, W. KENNER, Sik ALEXANDER Topp, and 
R. F. WEBB. i 

“Mechanism, kinetics, and stereochemistry of ahedral substitutions. Part LV 
Bimolecular basic hydrolysis and aquation of some halogenossothiocyanatobis(ethylen 
diamine)cobalt(11) ions.” By C. K. Incotp, R. S. Nynoim, and M. L. Tone. 

‘Mechanism, kinetics, and stereochemistry of octahedral substitutions. Part \ 
Gimolecular basic hydrolysis and aquation of some halogeno- and nitrato-amminobis 
(ethylenediamine)cobalt(m1) ions.” By RK. 5. NyHo_m and M. L. Tose, 

Heterocyclic N-oxides. Oxides of some diphenylpyrazine derivatives and of 3-nitro 
and 7-nitro-quinoline.”” By Justus K. LANDQuisr. 

“ tsoCyano-complexes of rhodium, Part | Petra-tsocyanorhodium(!) salts.” By 
LL. MALATESTA and (Miss) L. VALLARINO 

“ Structural chemistry of the alkoxide Isomeric butoxides and amyloxides 
of quinquevalent tantalum.” By D.C. BrapLey, W. WARDLAW, and (Miss) A. WaITLey. 

‘The conductivity of solutions in which the solvent molecule is “large.” Part | 
Solutions of tetraethylanimmonium picrate in some phthalate esters.’ By C, M, Frencu 
and N. SINGER 

“ The constitution of an oat-straw xylan.”’ By G. O. AsPINALL and K. C. bb, WILKIE, 
‘ Conductivity studies of some thiosulplates in aqueous methanol and in aqueous 
I.” By J. R. Bevan and C, B. Monk 

influence of electrolytic dissociation upon rates of reactions. Part Il. The 
thiosulphate—propyl bromide reaction in aqueous cthanol.” By J. R. Bevan and C, B 
MONK. 

[he solvolysis of n propyl bromide in a juecous ethanol By J. R. Bevan and C, B 
Mo VK 

‘ Nucleophilic displacement reactions in aromatic systems. Part V. Kinetics of th 
reactions of some chloroazanaphthalenes and related compounds with ethoxide ions and 
with piperidine.” Iby N, B. CHAPMAN and D. 0. Kussreii-HILe. 

‘ Kinetics of the depolymerisation of trioxan in aqueous acids, and the acidic properties 
of aqueous hydrogen fluoride.” By R. P. Beir, K. N. bascompr, and J. C. MeCouprey 

The kinetics of oxidation by nitrous and nitric acid 4 . Oxidation of oxali 
icid by nitrous acid.” By (Miss) P. A. VAMpLew and K. SINGER 

“New intermediates and dyes. Part IV. Condensation of thionaphthen-2;: 3 
dicarboxylic anhydride with hydrocarbons and phenol by ArnoLp T, Peters and 
DEREK WALKER. 

“ Organosilicon compounds, Part XVII. The acidic solvoly of organosilicon 
hydrides.”” By J. E. Batnes and C. EABorn 

“Colombo root bitter principles, Part I. The functional groups of columbin,” By 
D. H. R. BArton and Dov Eran. 

The quadrivalent fluororhenates.’ y RK. D. Peace 

Organic reactions in sulphuric acid. Part I. Ester hydrolysis.” By J. A, Leisren 
Vibrational frequencies and thermodynamic properties of fluoro-, chloro-, brome 
and iodo-benzene.” By D. H. WHIFFEN 

 Jonization constants of heterocyclic su ni Hydroxy-derivatives of 
nitrogenous six-membered rings.”” By Aprign ALBER N. PHILLips 

Raman effect of the borohydride ion in liquid ; olution.”” By L. A. Woop 
WARD and H. L. Roper 
A direct current integrating potentior ic circuit for the measurement of smal] 
I M.F.s developed across high resistances."’ Ky J. 1. CArasso and Kk. W. Pittman, 
rhe mechanism of aromatic sulphonation and desulphonation in aqueous sulphuric 
By V. Gop and D. P. N. Satcneni 

The @-phenylserine series. Part I\ By Ernst D. BERGMANN and Cu. Resnick, 

“ Molecular addition compounds of dinitrogen t xide with nitrogen, oxygen, and 
aromatic hydrocarbon donors.” By C. C. Appison SHELDON. 
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‘ Diaryl-2 : 2’-disulphonic acids and related compounds. Part I. The diphenyl and 
the ditolyl series.” By W. L. F. Axmareco and E. E. Turner. 

Addition compounds of gallium trichloride. Part I, A comparison of the binary 
systems which acyl chlorides form with boron and gallium trichlorides.” By N. N 
GREENWOOD and K, WADE. 

“ Synthesis of difar-C\benzoyl peroxide from [!4C\benzene.” By G. Ayrey and 
C, G. Moore. 

' Esterification by sulphuric acid.” By (the late) Gwyn WILLIAMS and D. J. CLARKE 

“Complex Fluorides. Part V. Complexes formed by molybdenum hexafluoride, 
tungsten hexafluoride, and rhodium tetrafluoride.”” By 8. Cox, D. W. A. SHarp, and 
A, G, SHARPE 

“ Stability, solvolysis, and co-ordination reactions of esters of boronic acids and thei 
halogen derivatives.” By P. B. BrinpLey, W. GERRARD, and M. F. Lapperr. 

 Electrophilic substitution. Part II. The nitration of naphthalene and perylene.”’ 
By M. J. S. Dewar and T. Moie 

Nucleotides. Part XXXVI, Adenosine-2’ uridine-5’ phosphate."” By A. M. Mice! 
SON, L, SzAno, and Sik ALEXANDER R. Topp. 

The solvolysis of -cholestery! toluene-p-sulphonate."’ By C. W. Snorrer, G. H. R 
SUMMERS and RK. J. W. WILLIAMS 

 Triterpenoids. Part XLVIII. Olean-13(18)-ene: isomerisation of olean-12-ene 
and related hydrocarbons with mineral acid.” By Georcr Brown ig, M. B. E. Fayez, 
FS. Sprinc, Ropert STEVENSON, and W. 5S, STRACHAN. 

The occurrence of triterpenes in the Aquifoliaceae and Ericaceae of Hong Kong.”’ 
sy H. RK. Arrnur, C. M. Lez, and C, N. Ma. 

Mesomorphism and chemical constitution. Part VII. The effect of halogen substitu 
tion on the mesomorphism of the trans-p-n-alkoxycinnamic acids.” By G. W. Gray, 
MkYNMORK JONES, and F. MARSON 

Intermediates for the synthesis of optically active methyl-substituted long-chain 
acids, Part I.” By R. Bretrie and N. Poicar. 

‘ pert-Hydroxy-carbonyl compounds, Part I. The synthesis of peri-hydroxy 
indanones, tetralones, and benzocycloheptenones.”” By N. F. Hayes and R. H. THomson 

A study of melanin formation by use of 2-(3 : 4-dihydroxy/3-MC|phenyl)-, 2-(3 : 4-di 
hydroxy|4-"C)\pheny!)-, and 2-(3: 4-dihydroxy({5-!*C|phenyljethylamine.”” By G. A 
SWAN and D. Wricut, 

“Oxanil.” By D, Bucktey and H. B. Henpest 

Phenoxyacetic acid.” By R. Brerrie 


ADDITIONS TO THE LIBRARY 


ALUMINIUM-ZENTRALE E-.V, Das chem- ations in the 10 years ended 31st March, 
ische Verhalten von Aluminium, Aluminium 1954. 27th report, 1955. H.M.S.O 
Verlag. 1055 (Presented by D.S.I.B.) 
BARNETT, Ef. bE B. Mechanism of organic MAYER, A., and Price, W. J. Chemical 
chemical reactions. 1956. Blackie and spectrographic analysis of magnesium and 
(Presented by Author.) its alloys. 1954. Magnesium Elektron Ltd. 
XIV! CONGRES INTERNATIONAL DI (Presented by Publishers. ) 
CHIMIE PURE ET APPLIQUER, Zirich, 21-—27 ORGANISATION FOR EUROPEAN ECONOMK 
VII 1955. Conférences principales et con CO-OPERATION, Chemical Products Com 
férences de sections. 1955, Birkhduser. mittee. The chemical industry in Europe 
DEPARTMENT OF SCIENTIFIC AND IN A study prepared by the Chemical Products 
DUSTRIAL RESEARCH. The investigation of Committee in September 1955. 1955. 
atmospherte pollution: a report on obser O.E.E.C (Presented by Publishers.) 


LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY 


Aberdeen, R. H. Thomson, Ph.D., F.R.1.C., Chemistry Department, The University, Old 
Aberdeen. 
Australia. Dr. K. H. Pausacker, Chemistry Department, University of Melbourne, 
Carlton, N. 3, Victoria, Australia. 
Birmingham. J. C. Tatlow, B.Sc., Ph.D., Department of Chemistry, The University, 
Edgbaston, Birmingham, 15. 
Bristol. P, Woodward, B.Sc., Ph.D., Chemistry Department, The University, 
Woodland Road, Bristol. 
Cambridge. R. N. Haszeldine, B.Sc., M.A., Ph.D., University Chemical Laboratory, Pem- 
broke Street, Cambridge. 
Canada. Professor J. K. N. Jones, M.Sc., Ph.D., A.R.LC., Queen's University, 
Kingston, Ontario. 
Ceylon. M. U. S. Sultanbawa, B.Sc., Ph.D., A.R.LC., Department of Chemistry, 
The University, Colombo, Ceylon 
Edinburgh. G. O. Aspinall, B.Sc., Ph.D., Chemistry Department, King's Buildings, West 
Mains Road, Edinburgh. 
Exeter. K. Schofield, B.Sc., Ph.D., F.R.L.C., Department of Chemistry, The 
University, Exeter. 
Glasgow. D. S. Payne, B.Sc., Ph.D., A.R.1.C, Chemistry Department, The University, 
Glasgow, W.2. 
Hull, G. W. Gray, B.Sc, Ph.D., Chemistry Department, The University, Hull. 
India. Professor T. R. Seshadri, M.A., Ph.D., F.R.LC,, Department of Chemistry, 
The University, Delhi, India. 
Irish Republic. D. O Tuama, M.Sc., Ph.D., F.1.C.1., Medical Research Council of Ireland, 
The Laboratories, Trinity College, Dublin. 
Leeds. E. Rothstein, Ph.D., D.Sc., A.R.C.S., Organic Chemistry Department, The 
University, Leeds, 2. 
Liverpool. A. K. Holliday, B.Sc., Ph.D., Department of Physical and Inorganic Chem- 
istry, The University, Liverpool. 
D. W. Broad, Ph.D., A.R.1.C., Imperial Chemical Industries Limited, 
Research Department, Widnes Laboratory, Widnes. 
Manchester. G. R. Barker, B.Sc., Ph.D., Chemistry Department, The University, 
Manchester, 13. 
A. C, Farthing, M.A., B.Sc., Imperial Chemical Industries Limited, Hexagon 
House, Blackley, Manchester, 9. 
Newcastle and G. A. Swan, D.Sc., Ph.D., F.R.LC., Department of Chemistry, King’s 
Durham. College, Newcastle-on-Tyne, 1. 
New Zealand. Professor S. N. Slater, M.Sc., D.Phil., A.R.L.C., Chemistry Department, 
Victoria University College, Wellington, New Zealand. 
Northern Ireland. R. G. R. Bacon, PhD., A.R.C.S., Chemistry Department, Queen's 
University, Belfast. 
North Wales. J. E. McKail, Ph.D., Department of Chemistry, University College of North 
Wales, Bangor. 
Nottingham. C. C. Addison, D.Sc., Ph.D., F.R.1.C., Chemistry Department, The University, 
University Park, Nottingham. 
Oxford. L. A. K. Staveley, M.A., Inorganic Chemistry Laboratory, South Parks 
Road, Oxford. 
Pakistan. M. I. D. Chughtai, M.Se.Tech., Ph.D., A.R.LC,, Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan. 
St. Andrews and C, WHorrex, M.Sc., Ph.D., Chemistry Department, The University, 
Dundee. St. Andrews. 
Sheffield. H. J. V. Tyrrell, M.A., B.Sc., Chemistry Department, The University, 
Sheffield, 10. 
South Africa. Professor F. L. Warren, Ph.D., F.R.LC., Department of Chemistry, 
University of Natal, P.O. Box 375, Pietermaritzburg, South Africa, 
Southampton. N. B. Chapman, M.A., Ph.D., Department of Chemistry, The University, 
Southampton. 
South Wales. K. W. Sykes, M.A., B.Sc., D.Phil., Department of Chemistry, University 
College, Singleton Park, Swansea. 


March 1956 


PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


SCIENTIFIC MEETINGS DURING MAY, 1956 


LONDON, 
Thursday, May 3rd, 1956, at 7.30 p.m. 
The papers presented will include : 
“Transport to the surface of a rotating disc."’ By D. P. Gregory and A. C. 
Riddiford. 
‘The behaviour of monolayers of radio carbon tagged soap.’’ By S. Flengas and 
Sir Eric Rideal. 
‘The preparation of active solids by thermal decomposition. Part IX. The 


calcination of ferric oxide hydrate and of lepidocrocite."’ By J. F. Goodman 
and S, J. Gregg. 


Abstracts of the Papers for discussion may be obtained from the General Secretary. 


EXETER. 
Thursday, May 3rd, 1956, at 5 p.m. 


Lecture, Surface Diffusion, by Professor R. M. Barrer, D.Sc., F.R.LC. To be 
given in the Washington Singer Laboratories. 


IRISH REPUBLIC, 
Wednesday, Muy 2nd, 1956, at 7.45 p.m. 
Lecture, Seaweeds and their Utilisation, by Dr. F. N. Woodward, B.Sc., F.R.S.E., 
F.R.LC. Joint Meeting with the Institute of Chemistry of Ireland, the Royal 


Institute of Chemistry, and the Society of Chemical Industry, to be held in the 
Chemistry Department, University College, Dublin. 


Thursday, May 4th, 1956, at 7.45 p.m 
Lecture, Seaweeds and their Utilisation, by Dr. F. N. Woodward, B.Sc., F.R.S.E., 
F.R.LC. Joint Meeting with the Institute of Chemistry of Ireland, the 
Royal Institute of Chemistry, and the Society of Chemical Industry, to be held 

at University College, Cork. 


Monday, May 7th, 1956, at 7.45 p.m. 


Lecture, Seaweeds and their Utilisation, by Dr. F. N. Woodward, B.Sc., F.R.S.E., 
F.R.LC, Joint Meeting with the Institute of Chemistry of Ireland, the Royal 
Institute of Chemistry, and the Society of Chemical Intustry, to be held in the 
Chemistry Department, University College, Galway. 


Friday, May 18th, 1956, at 7.45 p.m. 


Lecture, Applications of Infrared Spectroscopy in Chemistry, by Dr. H. W. 
Thompson, M.A., F.R.S. Joint Meeting with the Werner Society to be held in 
the University Chemical Laboratory, Trinity College, Dublin. 


NEWCASTLE AND DORHAM. 
Monday, May 2\st, 1956, at 6.15 p.m. 


Lecture, Sterile Hindrance in Analytical Chemistry, by Dr. H. M. N. H. Irving, 
M.A., D.Phil, F.R.LC. Joint Meeting with Durham Colleges Chemical 
Society to be held in the Science Laboratories, The University, South Road, 
Durham. 


OFFICIAL ANNOUNCEMENTS 
DEATHS 


The Council regrets to announce the deaths of the following Fellows : 


Elected. Died, 

Horatio Ballantyne (Tadworth) June 19th, 1892 sen 25th, 1956 
Vincent Binns (Crewe) May 6th, 1954. Jec. 16th, 1955. 
Delbert Francis Brown (Linden, N-| ) May Ist, 1947 Nov. 16th, 1955. 
David Agnew Griffith (Par, Cornwall) eb, 2nd, 1888. {an I2th, 1956. 
Gopal Balkrishn Kolhatkar (Poona, 4) ‘eb. 19th, 1914 Nov. 9th, 1955 

William Francis Martin (Edinburgh) c. Srd, 1925. Nov, 7th, 1966. 
Gilbert George Sargeant Pullen (Whitton) 16th, 1943. Jan, 12th, 1956, 
George Henry Purvis (Usk, Mon.) ‘eb. 18th, 1926 Dec, 26th, 1955, 


CONGRATULATIONS. 
The President has conveyed the congratulations of the Society to the following Fellows 
who completed 60 years of Fellowship on February 20th, 1956: 


Ernest Haynes Jetiers (Chelmsford) 
Thomas Francis Rutter (Braunton) 


and to the following Fellows who completed 50 years of Fellowship on February 12th, 
1956 


Thomas Going Stoney Bogue (Dublin) 
Phomas Harold Durrans (Worcester) 
Walter Hamis Glover (Box) 

Henry Carlisle Irving (Dawlish) 

Ma Parkin (Wigton) 


‘illiam Hughes Perkins (St. Albans) 
Percy Charles Thornton (Sidcup) 
Hardolph Wasteneys (Toronto) 
Henry Edgar Watt (Edinburgh) 


ELECTION OF NEW FELLOWS, 


The following 65 candidates were elected Fellows of the Society on February 16th, 
1956 : 


rian Adcock. Gillian Lris Mary Hurdman 
Anthony Leonard Andrews Colin Jackson 
Om Prakash Agarwal. John Royston Jones 
Richard Bentham Arnold Raymond Arthur Jones 
Koy Leonard Barnden. Aung Khin 
ference John Barnes. Takashi Kubota 
Dieter Wolfgang Blum Kenneth George Mallett 
Derek David Chapman. Puthamkurichi Subramanyaisyer 
Jeffrey Colin Clayton. Mayuranathan. 
Brian Cleaver. Alec Mee 
Hugh Edryd Joshua Davies. Laszlo Mester 
Lois Jean Durham. John Alfred Miller 
Brian Colin Easton. Laxman N, Mulay 
Frederick Gareth Robert Gimblett Masumi Nakamichi, 
Michael Francis Harold Godwin Kaghoonandan Nery 
Gordon Edwin Hall. Albert Norton 
Jill Handisyde. Raymond James Otter 
James Ralph Hanson Mervyn Evan Peel 
Geoffrey Ellis Harwood Rodney John Perriman, 
Anna Elisabeth Hell. Marion Doreen Pitches. 
Helen Margaret Higson. David John Bretton Potter 
Jerome Hollander. lerence Edward Rogers 
Ralph Hollinghurst Barbara Roth 

* 


oti Prasad Varma. 

rishnaswamy Venkaji. 

John James Scott. Walter Anthony Vredenburgh. 

Keith Morton Seymour. Michael John Waghorn. 

Leonard Harold Skinner. Derek Walker. 

Kenjamin Sklarz Rahula Oliver Barnes Wijesekera, 
James Dudley Spainhour, David Victor Wise 

ee Bryan Stone. John Raymond Wooldridge. 

<enneth George Tapping. Salah Mohamed Abdel Dayem Zayed. 
James Trotter. Maurizio Zifferero 


Edward Joseph Rothery. 
Adrian John Ryan. 


CORDAY-MORGAN MEDAL AND PRIZE. 

The Corday~Morgan Medal and Prize for 1954 has been awarded to Dr. Rex Edward 
Richards. 

This Award, consisting of a Silver Medal and a monetary Prize of 200 Guineas, is made 
annually to the chemist of either sex and of British Nationality who, in the judgment of the 
Council of the Chemical Society, has published, during the year in question, the most 
meritorious contribution to experimental chemistry, and who has not, at the date of 
publication, attained the age of thirty-six years. 

Copies of the rules governing the Award may be obtained from the General Secretary 
of the Society. Applications or recommendations in respect of the Award for the year 
1955 must be received not later than December 31st, 1956, and applications for the Award 
for 1956 are due before the end of 1957. 


QUARTERLY REVIEWS. 
Quarterly Keviews, Vol. X, No. 1, will contain the following articles : 


‘ The properties and nature of adsorbent carbons,"’ by J. J. Kipling. 

Phenol tautomerism,” by R. H. Thomson. 

“The principles of conformational analysis,” by D. H 
Cookson 

 Radioactivation analysis,”” by E. N. Jenkins and A. A. Smales. 

The indole alkaloids excluding harmine and strychnine,” by J. Ek. Saxton. 


R. Barton and R. C, 


It is expected that forthcoming issues will contain the following articles : 


Silyl compounds,” by A. G. MacDiarmid. 
‘ Nuclear methylation of flavonoids,”’ by T. R. Seshadri. 
‘‘ Peptides : methods of synthesis and terminal-residue studies,’’ by H. D. Springall 


and H. D, Law. 


THE PHYSICAL SOCIETY EXHIBITION OF SCIENTIFIC INSTRUMENTS AND 

APPARATUS, 

his exhibition will be held at the Royal Horticultural Society’s Old and New Halls, 
Westminster, London, $.W.1, from May I4th to 17th, 1956. Fellows of the Chemical 
Society can obtain special tickets to visit the Exhibition on the Physical Society’s members’ 
morning, Monday, May 14th, when the Exhibition is not so crowded, Fellows wishing to 
attend the Exhibition on this day should apply for tickets to the General Secretary, The 
Chemical Society, Burlington House, London, W.1. 
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MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 


held at the Royai Institution, Albemarle Street, London, W.1, on 
Thursday, February 2nd, 1956, at 2.30 p.m. 


The President, Professor W. Wardlaw, C.B.E., D.Sc., F.R.LC., was in the Chair. 


MINUTES. 
The Minutes of the Scientific Meeting held at the Imperial College of Science and 
Technology on January 19th, 1956, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 
The following were admitted Fellows of the Society: D. J. Morley, A. Barker, Henry 
Rapoport, Leslie C. Johnson, K. Reynolds, D, J. Fry, D. G. Wilkinson. 


SYMPOSIUM. 

rhe President called upon Dr. R. P. Linstead, C.B.E., F.R.S., to take the Chair for the 
afternoon session of the Symposium entitled ‘‘ Recent Advances in the Chemistry of 
Colouring Matters.” The following contributions were made and discussed : 


1. ‘‘ Steric Effects in Azo and Indigoid Dyes."’ By Wallace R. Brode (Washington). 
2. “ cis-trans-Isomerism in Azo-dyestuffs.’’ By R. H. Peters and E, Atherton 


(Manchester). 
3. ‘Synthesis of Azaporphins and Related Macrocycles."” By J. A. Elvidge 


(Imperial College). 
The meeting then adjourned, and in the evening the Chair was taken by Sir Alexander 


lodd, F.R.S. The following papers were read and discussed : 


1. “‘ Synthetic Carotenoids,” By O. Isler, H. Lindlar, M. Montavon, R. Ruegg, 
G. Saucy, and P, Zeller (Basle), Dr. Isler read the paper. 
2. ‘‘ Modern Theories of Colour.’’ By M. J. S. Dewar (London), 
At the close of the discussion, the Chairman expressed the thanks of the Society to the 
contributors to the Symposium. 


Minutes of a 
SCIENTIFIC MEETING 


held in the Large Chemistry Theatre of the University of Manchester on 
Thursday, February 9th, 1956, at 6.30 p.m. 


rhe President, Professor W. Wardlaw, C.B.E., D.Sc., F.R.LC., was in the Chair 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society: J. A. D. Ewart, Neville H. P. 
Smith, J. A. Schofield, Herbert Buchwald, G. H. Foxley, J. A. Farrington, W. F. Hodson, 
M. Thompson, Brian R. Smith, Alan Taylor, Teresa Magee. 


TILDEN LECTURE. 


The President called upon Dr. G. W. Kenner to deliver the Tilden Lecture entitled 
Recent Progress in the Chemistry of Peptides.’’ At the conclusion of the Lecture, a 
vote of thanks to Dr. Kenner, proposed by Professor A. J. Birch, was carried with 
acclamation, 
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Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, on Thursday, February 16th, 1956, at 7.30 p.m. 
Sir Alexander Todd, M.A., D.Sc., F.R.S., Vice-President, was in the Chair. 


MINUTES. 

The Minutes of the Scientific Meetings held at the Royal Institution and at the Uni- 
versity of Manchester, on February 2nd and 9th, respectively, were read, and were con- 
firmed and signed. 

VACANCIES ON COUNCIL, 1956-67. 

The list of nominations was read. 


APPOINTMENT OF SCRUTATORS. 


Mr. P. F. G, Praill and Dr. W. C, J. Ross were appointed scrutators for the ballot for the 
election of Vice-President and Ordinary Members of Council. 


PORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: F, Bergel, J. H. Pryor, G. W. 
Kenner, Bb. D. Owen, I. R. Wilson, G. P. Warwick, J. J. Roberts, Walter Davis, R. C. Bray, 
hk. W. Crunden, C. A. Vernon. 


SCIENTIFIC COMMUNICATIONS, 
rhe following papers were read and discussed : 
’ Aryl-2-halogenoalkylamines, Part XVIII. The Rates of Reduction of Substituted 


1-(Di-2-chloroethylamino)azobenzenes by Stannous Chloride, Hydrazine, and _ thie 
Xanthine Oxidase~Xanthine System.” By W. C. J. Ross and G, P. Warwick. 
A New and Specific Aromatisation Reaction.” By P. A. Robins and James Walker. 
Mechanisms of Hydrolysis of Organic Phosphates. Parts I and II.”” By C. A. 
Bunton, D. R. Llewellyn, K, G, Oldham, and C. A. Vernon, 


PAPERS ACCEPTED 


(List of Papers accepted between January 19th and February 17th, 1956, 
for publication in the Journal.) 


' The selective absorption of optical antipodes by proteins. Part II1.” By WILLIAM 
BRADLEY and RICHARD A, BRINDLEY. 

‘Glycine peptides. Part Il. The heat and entropy of formation of the peptide bond 
in polyglycine.”” By A. B. Mreaey. 

Thermochemistry of organophosphorus compounds. Part Il. Triethyl phosphate, 
tripropylphosphine oxide, and tributylphosphine oxide.” By C. L. Cuernick and H, A 
SKINNER 

Bridged complexes of palladium() containing chelate ligands."” By 5. FE. Livine 
STONE . 

“ Bridged complexes of platinum(1) containing chelate groups.’ By 5. FE. Livine 
STONE. 

The lowest singlet excited levels of naphthalene. Part 1. A semi-empirical calcul 
ation.” By R. Leresvrer and C. Moser. 

The chemistry of the transition elements. Part I. Dimeric carbonyl complexes 
of platinum.” By R. J]. Irvine and E. A. MaGnusson 
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‘ Interdependence of molecular conformation and conjugation in aromatic ethers. 
Part I." By G. BApDELEY, N. H. P. Sarr, and M. A. Vickars. 

‘‘ Correlation between reactivity of the l-carbon atom in alcohols, and certain pro 
perties of alkoxylsilanes.’” By W. Gerrarp and K. D. Kitpurn. 

‘ A study of the Stephen reaction.”” By L. TURNER. 

“ Solid-liquid equilibria in solutions of non-electrolytes.”” By R. P. Rasrogi and 
K. T. RAMA VARMA, 

‘“ Adsorption of complex anions from urany! sulphate solution by anion-exchange 
resins.”’ By T. V. Arpen and G. A. Woop. 

‘ Electrometric titration of the sodium salts of deoxyribonucleic acids. Part III. 
rhe effect of sodium chloride.” By R. A. Cox and A. R. PEACOCKE 

‘Synthesis of polycyclic compounds. Part V. The cyclodehydration of 3-benzyl 
cyclohexanol.”” By J. C. BARDHAN and R. C. BANERJEE. 

‘ Reactions of organic azides. Part VI. The interaction of 2-acylbenzoic acids and 
alkylidenephthalides with hydrazoic and sulphuric acids.” By ©. L. Arcus and R. E 
MARKS. 

“ Secondary mechanisms in the halogenation of phenols and aromatic sulphonamides,”’ 
by P. W. RoBertson. 

‘Cyclic sulphites derived from the chloropropanediols.” By P. B. D. pe LA Mare, 
W. Kiyne, D. J. Miccen, J. G. Prirenarp, and D. Watson 

“Synthesis of 10-methyl-3:4-benzopyrene and &: 10-dimethyl-3 ; 4-benzopyrene.’’ 
By A. D. CAMPBELL. 

“ The preparation of nitrosoalkanes from alkyl nitrites.” By B. G, GoweNnLock and 
J. TROTMAN. 

“ The determination of small concentrations of alcohols.’ By V. S. GrirrirHs and 
D. 1. Stock. 

“ Halogenation in acid solution. The formation of iodoform from malonic acid.”’ 
By M. G. Brown, 

 Aryl-2-halogenoalkylamines. Part XVII. The ultraviolet absorption spectra of 
some 4-(di-2-chloroethylamino)azobenzenes in neutral and acidic ethanol solutions.” 
By W. C. J. Ross and G, P. Warwick. 

“ Aryl-2-halogenoalkylamines. Part XVIII. The rates of reduction of substituted 
{-(di-2-chloroethylamino)azobenzenes by stannous chloride, hydrazine, and the xanthine 
oxidase-xanthine system.” By W.C, J. Ross and G. P. WARwIcK. 

“ The structure of sterculic acid.””. By P. K. Faure and J. C, Smira. 

‘ Quantitative aspects of the base-catalysed halogenation of aliphatic ketones. Part | 
lodination of methyl ketones.” By C. F. Cetszis and M. H. Hasumi. 

‘Fatty acids. Part 1V. The preparation of eight 0: 10: 12: 13-tetrahydroxysteari 
acids,”’ By K. E. Buarucua and F. D. Gunstoni 

‘The atom polarisations of some co-ordination compounds of metals." By (Mrs.) J 
MaAcQuEEN and J. W. SmItu. 

“ An alkaloid of Dioscorea hispida, Dennstedt. Part IIL. Further investigations on 
the Hofmann degradation."’ By A. R. Pinper 

‘ A simple approximation to the resonance energies of aromatic molecules.’ By A. L. 
(sREEN 

The possible existence of transition-metal complexes of eyclobutadiene,”” By H. C, 
LonGuet-Hiceins and L. E. OrGeL. 

‘ The behaviour of ion-exchange resins with mixed solvents.” Ky C. W. Davies and 
b. D. R. Owen, 

“ The adsorption of organic acid molecules and their chromatographic separation on 
ion-exchange resins."" By C, W. Davies and B. D. R. Owen 

“ The oxidative degradation of sterculic acid."’ By J. P. Verma, BHoLta Naru, and 
J. S. AGGARWAL 

“ Synthesis of leprapinic acid and constitution of pinastric acid,” By O. P. Mirtat 
and T. R. SESHADRI. 


32 


‘1: 2-3: 4-8: 9-10: 11-Tetrabenzopentacene.”” By E. Crar, W. KeELty, and W. G. 
NIVEN 

‘‘ Antimalarial studies in the pteridine field.’’ By M. D. Porrer and T. HENSHALL. 

“ The structure and mechanism of formation of the polymer obtained from cyclo- 
propane by mercury photosensitisation.”” By K. J. Ivin. 

 Triterpenoids. Part XXII. The constitution and stereochemistry of masticadienonic 
acid.”’ By D. H. R. Barton and E. SEoANE. 

‘‘ Oxidation of dialkyl sulphides and trisubstituted phosphines by dinitrogen tetroxide ; 
molecular addition compounds with dialkyl sulphoxides.”” By C. C. Appison and J. C. 
SHELDON, 

The components of wool wax. Part III. 7-Oxocholesterol and the alleged presence 
of cholestanol.”” By A. H, Mi-Burn and E. V. TruTer. 

“The components of wool wax. Part IV. The identification of some steroidal 
derivatives.’ By A. H. Mirpurn, E. V. Trurer, and F. P. Wooprorp. 

The dinitration of p-di-tert.-butylbenzene.” By F. Beit and K. R. Buck. 

“ The reactivity of the O-acylglycosyl halides. Part IV. The solvolytic reactions of 
O-acetyl-«-p-glycosyl I-halides in the presence of electrophilic catalysts.” By G. L. 
Matrox and G. O. PHicuies., 

‘ Complex fluorides. Part VI. The properties of silver salts of fluoro-acids and thei: 
interaction with aromatic hydrocarbons.”” By D. W. A. Suarp and A. G. SHARPE. 

Potential radiosensitizers : some quinones and related compounds.” By K. J. M 
Anprews, D. H. Marrian and D. R. Maxwe-. 

‘ The synthesis of 2-deoxy-2-fluorotetritols and 2-deoxy-2-fluoro-(--)-glyceraldehyde.”’ 
by N. F. TAytor and P. W. Kent. 

Aluminium tri-soaps."” By A. Gitmour, A. JoBLinG, and 5S. M. NELSON 

“The preparation of {#4C|dimethylamine and [!4C]dimethylnitrosamine.’’ By Mrs 
A. H. Dutton and D. F. Hearu, 

 Thiazoles derived from chrysean and tsochrysean.”” By A. ADAMS and R. SLACK. 


 Purines, pyrimidines, and glyoxalines. Part II, New syntheses of some pyrimidine 
nucleosides.’ By R. K, RALpH and G, SHaw. 

“ Triterpenoids. Part XLIX. The constitution of the ester C,,H,,0, obtained by 
oxidation of methyl glycyrrhetate acetate.” By Grorce Brownie and F. S. Sprina. 

‘ Quaternary ammonium nitrates. Part II. Reactions of nitratoalkyl cthers, amines, 


, 


amides, and urethanes with tertiary amines and related compounds.” By E. S. LANE. 

‘ Triterpenoids. Part XXIII. The nature of lantadene A.” By D. H. R. Barton, 
P. pz Mayo, and J. C. Orr. 

‘Complex fluorides. Part VII. Cuprous salts of fluoro-acids and aromatic hydro 
carbons.”” By D, W. A. SHarp and A. G, SHARPE. 

Further studies in the dihydroxynaphthalenes,” By Nc, Pu. Buu-Hoi and Denise 
LAVII 

‘ Methylnicotinic acids. Part I. Condensation of 2-methyl-6-phenylnicotinic acid 
and its ethyl ester with aldehydes.” By E. Trrrensor and D. G. WIBBERLEY. 

‘Condensation products of phenols and ketones. Part X. The structure of Dianin’s 
compound, a unique inclusion-forming substance.” By Witson Baker, A. J. FLoyn, 
J. Ff. W. McOmie, G. Popr, A. S. Weavine, and J. H. WILD. 

‘Condensation products of phenols and ketones. Part XI. A rational synthesis of 
Dianin's compound.” By Witson Baker, J. F. W. McOmie, and A. 5. WEAVING. 

‘ Stereochemistry of tervalent arsenic compounds. Part II. Optical resolution of 
2-p-carboxyphenyl-5-methyl-1 : 3-dithia-2-arsaindane.” By 1. G. M. CAMPBELL. 

‘ Organometallic and organometalloid compounds. Part |. Silicon derivatives of 
2-amino-1 : 3-diphenylerotononitrile.”” By R. A. Suaw 

‘ Triterpenoid constituents of Siphonodon australe Benth. Part |. Ketones of th 
friedelane series."" By J. L. Courtney and R. M. GASCOIGNE 

 Triterpenoid constituents of Siphonodon australe Benth. Part I]. Hydroxy 
ketones and alcohols of the friedelane series."". By J. L. Courtney, R. M. GASCOIGNE, and 
A. Z. SZUMER. 


‘‘ 7-Nitro-l-naphthylamine. Part I. 
coupling ; 
and (in part) L. A. Day. 
“ The tropylium ion. Part I. 
By M. J. S. Dewar and R. Pettit. 
“ The tropylium ion. Part II. 
salts.” By M. J. S. Dewar and R. Pettit. 
‘ Triterpenoids. Part L. 


and 1; 2:4: 7-tetrahalogenonaphthalenes.”’ 


The constitution of butyrospermol.”’ 
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[ts preparation, 


halogenation, and diazo- 
By A. Harpy, E. R. Warp, 


Synthesis of tropylium and methyltropylium salts."’ 


A further synthesis and some reactions of tropylium 


By D. Ss. Irvine, 


WiILiiAM Lawrlg, A. S. MCNap, and F. S. Sprina. 


‘ Oxazolopyridines and oxazoloquinolines. 
of oxazolo(4’ : 5'-3: 4)pyridine and oxazolo(4’ : 5’-3 ; 4)quinoline. 


and E. TITrENsorR. 


“ Some heterocyclic quaternary dichloroiodides.’’ 
‘An anomalous reaction of 4: 6-dichloro-5-nitropyrimidine.” 


D. J. Brown. 


‘ The synthesis of some indolylalkylamines.”’ 


Evans, and W. A. JONES. 
“Steroids and Walden 

coprostanyl halides.”’ 

G. H. R. SUMMERS. 


inversion. 


Part 


By R. J. Bripewater, D 


Part I. 2’-Alkyl- and 2’-aryl derivatives 


" By JAMES FRASER 


By Frances M. HAMER, 
By F. L. Rose and 


By D. E. Ames, R. E. Bowman, D. D. 


XXXIII. The configurations of the 
N. Jones, C. W. SHoprre, and 


ADDITIONS TO THE LIBRARY 


BacKER, H. J. Oude chemische wertuigen 
en laboratoria van Zosimos tot Boerhaave 
J. B. Wolters. 1955. 

(Presented by the Author,) 

Bacon, G, E, Neutron diffraction, O,U.P. 
1955. 

Boreskov, G. K, Catalysis in the sul 
phuric acid industry. (In Russian.) 1954, 

(Presented by the Academy of 
Sciences of the U.S.S.1R.) 

CADLE, R. D. Particle size determination. 
Interscience, 1955. 

CHRISTOFFEL, C. Uber Acylderivate von 
Aminosduren, Orell Fiissli. 1946. 

(Presented by Messrs. L. Light 
and Company Ltd.) 

COLE, S. W. Cole's practical physiological 
chemistry, 10th ed. Revised and re-written 
by E, Baldwin and D, J. Bell, W. Heffer and 
Sons, 1955. 

(Presented by Dr. D. J. Bell.) 

DENBIGH, K. The principles of chemical 
equilibrium, with applications in chemistry 
and chemical engineering. C.U.P, 1955. 

DEPARTMENT OF SCIENTIFIC AND INDUS 
TRIAL RESEARCH. A brief review of science 
and technology in Western Germany 
H.M.S.O. 1955. (Presented by D.S.I.R.) 

DERYAGIN, B. V., and Krorova, N. A 
Adhesion. (In Kussian.) 1949. 

(Presented by the Academy of 
Sciences of the U.S.S.K.) 

FRANK-KAMENETSKII, D, A. Diffusion 

and heat exchange in chemical kinetics. 


(Translated by N. Thon.) Princeton Univer 
sity Press, 19565. 

I RIEDLANDER, G., and KENNEDY, J. W. 
Nuclear and radiochemistry. Wiley. 1955. 

GURNHAM, ©. F, Principles of industrial 
waste treatment, Wiley. 1955. 

Hitcer AND Watts Ltp. The analysis 
of aluminium and its alloys with the direct 
reading attachment to the medium spectro 
graph. Hilger and Watts Ltd. 1955. 

(Presented by the Publishers.) 

INGRAM, D. J. E. Spectroscopy at radio 
and microwave frequencies, Butterworths 
1955 

INTERNATIONAL COMMISSION FOR UNt 
FORM METHODS OF SUGAR ANALYSIS, Re 
port of the proceedings of the I1th session, 
held Paris .. . 1954, ICUMSA. 1956. 

(Presented by the Publisher.) 

Jensen, E. H. A study on sodium boro 
hydride, with special reference to its analytical 
application in organic chemistry. Arnold 
1954. 

Krirafcoropskil, A. |. Organic erystallo 
chemistry. (In Russian.) 1955, 

(Presented by the Academy of 

Sciences of the U.S.S.R,) 

LitmMann, E. R 
Chemica! 


Susck 


Locutr, H. L., and 
Ihe petroleum acids and bases 
Publishing Co. 1955 

McQuiLttan, A. D., and McCQUILLAN, 
M. K. Titanium. (Metallurgy of the rarer 
metals, No. 4.) Butterworths. 1956. 
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MetcaLr, |K. L. 
their chemistry and mode of action, 
science. 1955, 


Mixes, F. D. 


Organic insecticides : 
Inter- 


A history of research in the 
Nobel Division of I.C.1. Imperial Chemical 
Industries Ltd., Nobel Division, 1955. 
Nesmyanov, An. N., Lapitskil, A. V., 
and RupENnko, N. P, Preparation of radio- 
(In Russian.) 1954. 
(Presented by the Academy of 
Sciences of the U.S.S.R.) 
N.V. KONINKLIJKE NEDERLANDSCHE 
SPRINGSTOFFENFABRIEKEN. The nitration 
and the denitration of cellulose nitrates. II, 
X-ray investigation, By J. Trommel. 1955, 
(Presented by the Publisher.) 
N.V. KONINKLIJKE NEDERLANDSCHE 
SPRINGSTOFFENFABRIEKEN, ‘The nitration 
and the denitration of cellulose nitrates, I. 
By G, de Bruin and C, H, D, Witte. 1955, 
(Presented by the Publisher.) 
ORGANIZATION FOR EUROPEAN Economic 
(0-OPERATION, European Productivity 
Agency, Function and training of the chemi 
cal engineer: international conference held in 
London from 2Ist to 23rd March, 1955. 
O.E.E.C, 1966, (Presented by the Publishers.) 
Osborn, G. H, Synthetic ion-exchangers. 
Chapman and Hall, 1956. 
PAuLt, W., ROSENFELD, L., and WEISs- 


active isotopes, 


Kory, V. (Eds,.), Niels Bohr and the develop- 


ment of physics; essays dedicated to Niels 
Bohr on the occasion of his seventieth birth- 
day. Vergamon Press, 1955. 

Progress in biophysics and _ biophysical 
chemistry, Vol, 6. Edited by J. A. V, Butler. 
Pergamon Press, 1956. (Presented by 

Professor J. A. V. Butler.) 

KemMy, H. ‘Treatise on inorganic chemistry. 
lranslated by J. A, Anderson. Edited by J. 
Kleinberg. Vol, 1. Introduction and main 
groups of the Periodic Table, Elsevier, 1956. 

RoGovin, Z, A., and SHORYGINA, N, N., 
Chemistry of cellulose and its admixtures, 
(In Russian.) 1953. 

(Presented by the Academy of 
Sciences of the U.S.S.R.) 


SCHOELLER, W. K., and PoweLt, A. R. 
The analysis of minerals and ores of the rarer 
elements. 3rd ed., revised by A. R. Powell 
Griffin, 1956. 

SHEDLOVSKY, T. (Ed.). Electrochemistry 
in biology and medicine. Wiley. 1955. 

Szony1, G. I. Ueber Anhydride 
Aminosduren. IJ. Versuch der Synthese von 
optisch aktiven Hydraziden, H. Hasch 
1944. (Presented by 

Messrs. L. Light and Company, Ltd.) 

UNITED STATES ATOMIC ENERGY COM 
MISSION. Chemical processing and equip 
ment. McGraw-Hill. 1955. 

U.S. DEPARTMENT OF COMMERCE. Na 
tional Bureau of Standards. Circular 564 
Tables of thermal properties of gases, U.S 
Govt. Printing Office. 1955. 

(Presented by the Bureau of Standards.) 

U.S.S.R. ACADEMY OF SCIENCES. 
sion of the Academy on peaceful uses of 
atomic energy, July, 1955. Vol. 1, Chemistry 
division, Vol, 2. Physics and mathematics 
division. Vol. 3. Technical division, Vol. 4. 
Biology division. Vol, 5, Plenary meeting. 
(In Russian, with English summaries.) 1955 

(Presented by the Academy.) 

VAN KYSSELBERGHE, P. Electrochemical 
affinity : studies in electrochemical thermo 
dynamics and kinetics. Hermann. 1955. 

(Presented by the Author.) 

Watts, T. E. ‘Textbook of pharma 

cognosy, 3rd ed, Churchill, 1955. 
(Presented by the Author.) 

Wuite, D. W., jun., and Burke, J. E. 
(Eds.). The metal beryllium. American 
Society for Metals, 1955. 

Witson, E. B., yun., Dectus, J. C., and 
Cross, P.C. Molecular vibrations : the theory 
of infrared and Raman vibrational spectra 
McGraw-Hill, 1955. 

ZIMMERMAN, QO. P., and Lavine, I 
Chemical engineering laboratory equipment 
2nd ed Industrial Research Service, Inc 
1955 
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LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY 


Aberdeen. 
Australia. 
Birmingham. 
Bristol. 
Cambridge. 
Canada, 
Ceylon. 
Edinburgh, 
Exeter. 
Glasgow. 


Hull. 
India. 


Trish Republic. 


Leeds. 
Liverpool. 


hd 


Manchester. 


” 


Newcastle and 
Duriiam. 


New Zealand. 


Northern Iveland. 


North Wales. 
N oli ngham., 
Oxford. 


Pakistan. 


St. Andrews and 


Dundee. 
Sheffield. 


South Africa, 
Southampton, 


South Wales. 


R. H. Thomson, Ph.D., F.R.1.C., Chemistry Department, The University, Old 
Aberdeen. 

Dr. K. H. Pausacker, Chemistry Department, Universizy of Melbourne, 
Carlton, N.3, Victoria, Australia. 

J. C. Tatlow, B.Sc., Ph.D., Department of Chemistry, The University, 
Edgbaston, Birmingham, 15. 

P. Woodward, B.Sc., Ph.D., Chemistry Department, The University, 
Woodland Road, Bristol. 

R. N. Haszeldine, B.Sc., M.A., Ph.D., University Chemical Laboratory, Pem- 
broke Street, Cambridge. 

Professor J. K. N. Jones, M.Sc., Ph.D., A.R.LC., Queen's University, 
Kingston, Ontario. 

M. U. S. Sultanbawa, B.Sc., Ph.D., A.R.LC., 
The University, Colombo, Ceylon. 

G. O, any B.Sc., Ph.D., Chemistry Department, King’s Buildings, West 
Mains Road, Edinburgh. 

K. Schofield, B.Sc., Ph.D., F.R.1L.C., Department of Chemistry, The 
University, Exeter. 

D.S. Payne, B.Sc., Ph.D., A.R.1.C. Chemistry Department, The University, 
Glasgow, W.2. 

G, W. Gray, B.Sc, Ph.D., Chemistry Department, The University, Hull. 

Professor T. R. Seshadri, M.A., Ph.D., F.R.1.C., Department of Chemisty, 
The University, Delhi, India. 

D. O Tuama, M.Sc., Ph.D., F.1.C.1., Medical Research Council of Ireland, 
The Laboratories, Trinity College, Dublin. 

E. Rothstein, Ph.D., D.Se., A.R.C.S., Organic Chemistry Department, The 
University, Leeds, 2. 

A. K. Holliday, B.Se., Ph.D., eames of Physical and Inorganic Chem- 
istry, The University, Liverpool. 

D. W. Broad, Ph.D., A.R.LC., Imperial Chemical Industries Limited, 
General Chemicals Division, Cunard Building, Liverpool, 3. 

G. R. Barker, B.Sc., Ph.D., Chemistry Department, The University, 
Manchester, 13. 


Department of Chemistry, 


A.C, Farthing, M.A., B.Sc., Imperial Chemical Industries Limited, Hexagon 
House, Blackley, Manchester, 9. 


G. A. Swan, D.Se., Ph.D., F.R.L.C., Department of Chemistry, King’s 
College, Newcastle-on-Tyne, 1. 

Professor S. N. Slater, M.Sc., D.Phil., A.R.L.C,, Chemistry Department, 
Victoria University College, Wellington, New Zealand. 

kK. G. R. Bacon, PhD., A.R.C.S., Chemistry Department, 
University, Belfast. 

J. E. McKail, Ph.D., Department of Chemistry, University College of North 
Wales, Bangor. 

C. C, Addison, D.Se., Ph.D., F.R.1.C., Chemistry Department, The University, 
University Park, Nottingham. 

. A. K. Staveley, M.A., Inorganic Chemistry Laboratory, South Parks 
Road, Oxford. 

M. I. D. Chughtai, M.Sc.Tech., Ph.D., A.R.1.C., Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan, 

C. Horrex, M.Sc., Ph.D., Chemistry 
St. Andrews, 

H. J. V. Tyrrell, M.A., B.Se., Chemistry Department, The University, 
Sheffield, 10. 

Professor F. L. Warren, Ph.D., F.R.LC., De ment of Chemistry, 
University of Natal, P.O. Box 375, Pietermaritzburg, South Africa. 

N. B. Chapman, M.A., Ph.D., Department of Chemistry, The University, 
Southampton. 

K. W. Sykes, M.A., B.Sc., D.Phil., Department of Chemistry, University 
College, Singleton Park, Swansea. 


Queen's 


Department, The University, 


PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


SCIENTIFIC MEETINGS DURING JUNE, 1956 
LONDON. 
Thursday, June 7th, 1956, at 7.30 p.m. 


Centenary Lecture, Present Status of the Transuranium Elements, by Professor 
G. T. Seaborg. To be held at Burlington House. 


LIVERPOOL. 
Tuesday, June Sth, 1956, at 5.30 p.m. 


Centenary Lecture, The Transuranium Elements, by Professor G. T. Seaborg. 
Joint meeting with the Royal Institute of Chemistry, the Society of Chemical 
Industry, the British Association of Chemists, and the University Chemical 
Society, to be held in the Chemistry Lecture Theatre of The University. 


OFFICIAL ANNOUNCEMENTS 


DEATHS. 


The Council regrets to announce the deaths of the following Fellows : 


Harold King (West Parley) (C. 1928 
James Cruickshank Smith (Chester) 
James King Steel (Paisley) ...... 


John Keginald Harvey Whiston (Swindon) — 


CONGRATULATIONS. 


Elected Died. 
Dec. 7th, 1911 . 20th, 1966 
rane 17th, 1903 2nd, 1956. 
‘eb. 16th, 1933 . 18th, 1956 
Feb. 20th, 1941. , 28th, 1956. 


The President has conveyed the congratulations of the Society to the following Fellows 
who were elected to the Fellowship of the Royal Society on March 15th, 1956: 
Kichard Maling Barrer (London). 


John Alfred Valentine Butler (London). 
Charles William Shoppee (Swansea). 


The President has also conveyed the congratulations of the Society to Mr. Brougham 
Young (London), who completed 70 years of Fellowship on March 4th, 1956. 


ELECTION OF NEW FELLOWS. 


The following 84 candidates were elected Fellows of the Society on March 15th, 1956: 


Edward McIntosh Acton 
Krishna Sastri Aghoramurthy. 
Kobert Leo Augustine. 
Brian Charles Baldwin. 
James Edmund Banfield 
Michael Barber 

Lindsay Michael Birt 
Edward George Brain 

sev Theodore Braunholtz 
tric Bullock 
—- Anthony Cade 
Vinslow Spaulding Caughey. 
Kobin John Cave 

Harold Conroy 

Peter John Couzens 
Alexander Dennis Cross, 

ohn Wiliam Crump 
tostyslaw Dowbenko 
Michael John Duell 

Nicholas John Earl 

Elisha Ehazer Edwin 

Keith Elliott 

Richard Leshe Erskine 
Harry Fazakerley 

Stephen Powell Findlay 
John Leslie Frahn 
Christopher Friedrich Garbers, 
Edward Greenhalgh. 

er gm Thomas Hackmann 
‘loyd Dudley Hamilton 
Ernest Roland Harry, 

Brian John Hathaway. 
Charles Geoffrey Haynes 
Thelma Marlow Herrington 
Walter Colston Howell 
Bjorn Frederick Hrutfiord 
Yoshitsugu Ikeda 

Paul Raymond Jones 
Arthur David Jordan, jun 
Aubrey Knowles 

Odon Kalman Jozsef Kovacs. 
Robert Wilson Lambert. 


Stephen Harris Levin 

Gordon Lloyd. 

ie Ralph McKellar 
lilary McNicoll. 

Brigid Teresa Magee 
Khursheed K. A. Marker. 
Burton S, Marks. 

Satoru Masamune 

Gerald William John Matthews. 

Olof Mellander. 

— Ernest Middleton 
Nicholas Miller. 

Thomas Aloysius O'Donnell. 
David Brian Pantall. 

Basil Charles Patterson 

Theodore Michael Poynder 
Ernest Noel Pullom 

Gordon Read 

Beryl Rickard. 

Ann Elisabeth Robinson. 

Thomas Owen Kyland 
Eliseo Seoane. 

Elliot L. Shapiro 

Christopher lone Sharpe 
Muhammed Siddiqueullah. 
Henry Beall Sinclair. 

Leonard Smith. 

Parithychery Rengaswamy Srinivasan. 
Robert A. Stein. 

Rune Leonard Stjernholm 

John Bailie Stothers. 

Olaf Suddaby. 

Witold Szatkowski. 

Elsie May Tanner 

Kenneth John Taylor. 

Clifford Francis Thompson 

Eero Akseli Tommila 

John William Wells 

Albert Peeris Wickramasingha. 
David Ian Wilkinson 

Lavinia Mary Olive Wootton. 
Alexander Wylie 
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ELECTIONS TO COUNCIL, 1956-57. 


At the Annua! General Meeting held on March 27th, 1956, at the University of 
Nottingham, the election of the following to vacancies on the Council for 1956—57 was 
announced : 


President. 
Professor E. L. Hirst. 


Honorary Secretary. 
Dr. J. Chatt. 
Vice-Presidents who have not filled of the Office of President. 
Professor E. D. Hughes. 


Elected Ordinary Members of Council : 
Constituency I (South-East England). 

Professor R. M. Barrer. 
Dr. G. W. Kenner. 
Dr. A. Maccoll. 
Mr. L. A. K. Staveley. 

Constituency II (Central and South-West England and South Wales), 
Professor A. G. Evans. 


Constituency IV (North-East England). 
Professor L. Hunter. 
Professor B. Lythgoe. 


LOCAL REPRESENTATIVES. 
The following appointments have been made 


Manchester: Dr. H. B. Henbest in place of Dr. G. R. Barker. 
Newcastle and Durham: Dr. F. J. McQuillin and Dr. G. Kohnstam to act jointly 
in place of Dr. G. A. Swan. 
South Wales: Dr. A. R. Pinder and Mr. R. H. Davies to act. jointly in place of 
Dr. K. W. Sykes. 


The President has conveyed the thanks of the Council to the retiring Local Represent- 
atives for their services to the Society. 


SYMPOSIUM ON CHEMISORPTION. 

A Symposium on Chemisorption will be held from July 17th to 19th at the University 
College of North Staffordshire, Keele, Staffs. Accommodation will be available in the 
University College for Fellows attending the meeting from the evening of Monday, July 16th, 
until after lunch on Thursday, July 19th, at an approximate cost of {3 15s. per person, 

The complete list of contributors is not yet available, but it has been arranged that the 
Symposium will consist of five sessions with time for formal and informal discussions. 
The following have consented to act as Chairmen of the various sessions: Theory 
Professor W. E. Garner, C.B.E., F.R.S.; Metals—Professor D. D. Eley ; Semi-conductors 
Dr. F. S. Stone; Carbon—Professor W. F. K. Wynne-Jones; and Insulators-—-Mr. D. A. 
Dowden. 

Plans for publication of the Symposium are under discussion and full details of the 
arrangements, together with forms of application, will be sent to Fellows as soon as they 
can be made available. 


LIBRARY--WHITSUN HOLIDAY. 
The Library will be closed for the Whitsun holiday on Monday and Tuesday, May 21st 
and 22nd, 1956 


4Q) 


SECOND WORLD METALLURGICAL CONGRESS. 


Fellows of the Society are invited to take part in the Second World Metallurgical Congress 
to be held in Chicago, Illinois, from November 2nd to 8th, 1957. Details of the Congress 
can be obtained from Mr. W. H. Eisenman, Secretary, American Society for Metals, 7301 
Euclid Avenue, Cleveland 3, Ohio, U.S.A. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the 
Honorary Secretary within ten days of the date of publication of the Journal for April, 1956. Such objections 
will be treated as confidential. The forms of application ave available in the Library.) 


Abbey, Frank, 1). A. (Cantab.). British. 48, Spencer Avenue, Earlsdon, Coventry, Warwicks. Re- 
search Chemist with Courtaulds, Ltd. Signed by: A. Rutherford, A. V. Parke. 

Arndt, Reinhard Richard, B.Sc. (S. Africa), M.Sc. (Orange Free State). South African. N.C.R.L., 
P.O, ox 305, Pretoria, South Africa, Research Assistant. Signed by: D. lise, D. H. S. Horn 

Arris, John, 1.5c. (Dunelm). British. 14, Jesmond Park West, Newcastle upon Tyne, 7. Research 
Student at King’s College, Newcastle upon Tyne. Signed by; J. G. Buchanan, J. Baddiley. 

Aubrey, Derek Wilfred, 1.5c. (Sheffield). Lritish. 9, Kenerne Drive, Barnet, Herts. Research 
Chemist with Adhesive Tapes, Ltd., Borehamwood, Signed by: P. L. Williams, G. A. Dawe. 

Baines, Neville John. British, 90, Lord Street, Fleetwood. Student at Sheffield University. Signed 
by; 1. J. V. Tyrrell, A. H. Lamberton 

Baum, George, 15.5. (Case Inst. of Tech.). American, 4532, Far Hills Avenue, Apt. 3, Dayton 9, 
Ohio, U.S.A. Chemist with Wright Air Development Center, Ohio. Signed by: H. D. C. Hill, 
H (osenberg 

Bean, Neville Ernest. Jritish. 28, Liackfriars Road, Gt. Yarmouth, Norfolk. Student at Oxford 
University. Signed by: H. Irving, R. E. Richards. 

Beard, Colin Charles, 1}.5c. (Lond.). British. 49 Abbotsford Avenue, West Green, London, N.15. 
Research Student at Queen Mary College, London. Signed by: W. J. Hickinhottom, M. S. Grant. 

Beaton, John Moody, 13.S5c. and Ph.D. (Glas.), British. c/o 86, Seedhill Road, Paisley, Renfrewshire. 
Research Assistant at The Royal Technical College, Glasgow. Signed by: F.S. Spring, R. Stevenson. 

Biggs, John, 15.A. (Cantab.), British, Downing College, Cambridge. Kesearch Student. Signed 
by; G. W. Kirby, R. Bonnett 

Bjerrum, Jannik, r.Phil. (Copenhagen). Danish. Kemisk Laboratorium A, Danmarks tekniske 
Hojskole, Solvgade 83, Kobenhavn K, Denmark. Professor of Chemistry. Signed by: S. Veibel, 
(. Ostrup 

Brooks, Jean Winifred, 5c. (Lond.). British. 4, The Mead, Nazeing New Road, Broxbourne, Herts. 
Research Student Signed by; M. M. Harris, D. M. Hall. 

Brown, Anne Frances. Lritish. 5, Kast Terrace, Budleigh Salterton, E, Devon. Student at Nottingham 
University Signed by; C, C, Addison, H. Booth. 

Brown, Frank, 1} Sc. (Dunelm). British. 111, Durham Road, Stockton-on-Tees. Industrial Chemist. 
Signed by rr. N. Bell, D. Wright 

Brown, Patricia Margaret, 16.Sc. (Aberd.). British. 3, Bath Road, Bedford Park, London, W.4. 
Kesearch Student Signed by: KE. A. Braude, M. Whalley. 

Brown, Stanley Sidney, 1}.Sc. (Lond.). British. 186, Camberwell Road, London, S.E.5. Research 
Student at Queen Mary College, London. Signed by: M. F. Ansell, R. F, Hudson. 

Bujwid, Zdzislaw Jan, 1.5c. (Lond.). Polish. 18, Ribblesdale Road, London, N.8. Postgraduate 
Research Student. Signed by; W. Gerrard, J. A. Blau. 

Bunfield, Leslie, 16.5c. (Sheffield), British. King Edward VI Grammar School, Stourbridge, Worcs. 
Chemistry Master Signed by: 5. J. Featherston, P, H. Carter 

Cantion, Ian James. Irish. 28, Trinity College, Dublin. Student. Signed by: W. Cocker, T. B. H. 
McMurry 

Carson, James Frederick. irish. 4, Airfield Road, Rathgar, Dublin, Eire. Student at Trinity College, 
Dublin Signed by» W. Cocker, T. B. H. McMurry 

Case, John Reginald, Writish. 10, Cheyne Gardens, Liverpool 19, Student at New College, Oxford. 
Signed by; L. A. K. Staveley, A. 5. Bailey 

Chaplin, Anne Elizabeth Marie, 8.Sc. (Lond.). British. 2, Pretoria Road, Streatham, S.W.16. Tech- 
nical Assistant with British Celanese. Signed by: M. H. Randall, R. Fisher. 

Clarke, John Shipley, B.A. and B.Sc. (Oxon.). British. 94, Waterloo Road, Bramhall, Stockport, 
Cheshire. Student Teacher. Signed by: H. Irving, C. S. G. Phillips. 

Clarkson, Richard, 1}.Sc.(Manc.). British. 37, Chapel Street, Barnoldswick, Colne, Lancs. Kesearch 
Student Signed by; L. A. K. Staveley, H. Smith 

Cogliano, Joseph A., B.S. (Brooklyn). American. Graduate College, Princeton University, Princeton, 
N.J., U.S.A. Graduate Student. Signed by: E. C, Taylor, jun., R. K. Hill 


41 


Corpe, Thomas William, B.Sc. (Lond.). British. 88, Aldborough Road, Seven Kings, Ilford, Essex. 
Development Chemist. Signed by: G. A. Weeks, R. G. Mason. 

Cross, Kenneth Nelson, A.R.I.C. British. 54, Highgate West Hill, Highgate Village, London, N.6. 
Research Chemist with Messrs. Carreras, Ltd., London, N.W.1. Signed by. E. de B. Barnett, 
R. F. Branch. 

Dawkins, Arthur William, B.Sc. (Lond.), British. 62, Carve Ley, Welwyn Garden City, Herts 
Organic Research Chemist, Signed by: J. F. Grove, T. P. C. Mulholland. 

Dietrich, Henri, Dr.sc.nat. (E.T.H., Zurich), Swiss. 46, Buckingham Avenue, Feltham, Middlesex 
Research Chemist with Messrs. Parke-Davis & Co., Hounslow. Signed by: A. Campbell, E, N. 
Morgan. 

Kenneth. British. 27, Alpha Street West, Salford 6, Lancs. Student. Signed by: J. R. 
Yates, P. G. Ashmore, 

Dowden, Dennis Albert, B.Sc. (Bris.). British. 5, Crooksbarn Lane, Norton, Stockton-on-Tees 
Technical Officer. Signed by: W. E. Garner, F. H. Pollard, 

Drake, John Michael Francis. British. The (Queen's College, Oxford. Undergraduate, Signed by: 
L. A. K, Staveley, J. W. Linnett. 

Dyall, Leonard Kenneth. Australian. 137, Cleeland Street, Dandenong, Victoria, Australia, Student 
Signed by: J. G. Scroggie, B. M. Lynch. 

Emslie, Arthur Raymond Gordon, M.S.A. (Toronto), D.Sc. (Aberd.). Canadian. Chemistry Division, 
Science Service, Department of Agriculture, Ottawa, Canada. Chief of Chemistry Division. Signed 
by: O. E. Edwards, E. W. R. Steacie. 

Fleifel, Abdallah Mohamed, M.Sc. and Ph.D. (Cairo), Egyptian. Chemistry Department, Faculty of 
Science, Cairo University, Giza, Egypt. Lecturer. Signed by: M. 1. Ali, M. A. Galaby. 

Foster, Gordon, B.Sc. (Lond.). 17, Penywern Road, Earls Court, S.W.5. Research Student. Signed 
by: W. J. Hickinbottom, M. S, Grant. 

Fraser, James, B.Sc. (Lond.), A.R.I.C. British. 45, Barden Road, Woodthorpe, Nottingham. Re 
search Chemist. Signed by: G. R. Whalley, C. A. Bartram 

Friend, John, B.Sc. and Ph.D. (Liv.). British. Low Temperature Research Station, Downing Street, 
Cambridge. Civil Service Junior Research Fellow. Signed by: P. A. T. Swoboda, B. Coleby. 

Garside, John Herbert. British. 114, Sturdee Avenue, Gillingham, Kent. Student. Signed by, 
R. F. Garwood, M. J. S. Dewar. 

Gill, Edward William, B.A. (Oxon.). British. 30, Kilner House, Clayton Street, Kennington, S.E.11. 
Research Student at Corpus Christi College, Oxford. Signed by: D. Ll. Hammick, A. S. Bailey 
Gilreath, Esmarch Senn, M.A. and Ph.D. (North Carolina). American, Department of Chemistry, 
Washington and Lee University, Lexington, Virginia, U.S.A. Professor and Head of Chemistry 

Department. Signed by; A. Roe, J. F. Bunnett, 

Goodburn, Terence George, B.Sc. (Sheffield). British. 164, Heath Road, Hounslow, Middlesex. 
Development Chemist. Signed by: D. S. Morris, L. G. Smith 

Gregor, Ian Kelvin, B.Sc. (New England). Australian. c/o N.S.W. University of Technology, Broad 
way, Sydney, Australia. Assistant Chemist with the Metropolitan Water Board. Signed by. 
R. L. Martin, C. M. Harris. 

Hardie, Norman Francis. British. 15, Leopold Street, Leeds, 7. Clerical. Signed by: E. Rothstein, 
W. A. Wightman. 

Harvey, Stephen Henry, B.Sc. and Ph.D. (Lond.). British. 122, Knighton Road, Leicester. Lecturer 
at University College, Leicester. Signed by: R. W. Bott, N. Macleod. 

Haslam, Edwin, B.Sc. and Ph.D. (Sheffield). British. 22, Great North Road, Welwyn Garden City, 
Herts. Research Student. Signed by; J. Haslam, Kk. FP. Webb. 

Herbert, John Richards, B.Sc. (Bris.). British. 6, Osborne Road, Clifton, Bristol, 8. Research 
Student at Bristol University. Signed by: W. D. Ollis, W. Baker 

Hetherington, Gordon, B.Sc. (Dunelm), A.R.I.C. British. 7, Eastfield Avenue, Monkseaton, Whitley 
Bay, Northumberland. Research Chemist. Signed by: P. L. Robinson, G. A. Swan. 

Holliday, Ivan Andrew, B.A. (Oxon.). British, Wadham College, Oxford. Student. Signed by 
L. A. K. Staveley, N. Polgar. 

Howarth, Joseph Simeon, B.Sc. (Birm.), A.R.LC. British. 110, Newhall Street, Cannock, Stafis, 
Scientist with the National Coal Board, Cannock. Signed by: E. J. Bourne, J. C. Tatlow. 

Jackson, Andrew Walter. Jritish. 13, Blacket Avenue, Edinburgh, 7. Student. Signed by: G. O. 
Aspinall, D. Taylor. 

Jain, Amolak Chand, M.Sc. and Ph.D. (Delhi). Indian. University Chemical Laboratory, Pembroke 
Street, Cambridge. Research student. Signed by: G. W. Kenner, S. Varadarajan. 

Jain, Megh Kumar, M.Sc. (Panjab). Indian. c/o Department of Organic Chemistry, The University, 
Glasgow, W.2. Student. Signed by: T. Cohen, K. H. Overton. 

Johnson, Leslie Cyril, B.A. (Cantab.). British. 20, DBergholt Crescent, London, N.16. Research 
Student at Cambridge University. Signed by: J}. Harley-Mason, FP. B. Kipping. 

Johnston, Eric, B.A. (Oxon.). British. 64, Herschel! Street, Everton, Liverpool, 5. Kesearch Student. 
Signed by: L. A. K. Staveley, D. LI. Hammick. 

Johnston, Vera, B.A. (Oxon.). British. 27, Swaledale Gardens, High Heaton, Newcastle upon Tyne, 
7. Research Chemist with B.C.U.R.A., Leatherhead, Surrey. Signed by: 1D. Hodgkin, P. H. 
Given. 


42 


Jones, William Arthur, B.Sc. (Lond), A.K.L.C. British. 26, Brainton Avenue, Feltham, Middlesex. 
Kesearch Chemist with Messrs. Parke-Davis & Co., Hounslow. Signed by: A. Campbell, E. N 
Morgan , 

Kirkaldy, David. Jiritish. 17, Industria) Street, Pelton, Chester-le-Street, Co. Durham. Student 
Signed by; K. E. Ford, W. E. Addison 

Lauder, Ian, M.S«. (New Zealand), Ph.D. (Manc.), D.Se. (Queensland). Chemistry Department, Uni 
versity of Queensland, Brisbane, Australia. Associate Professor of Chemistry. Signed by: T.G.H 
Jones, 1. KR. Wilson 

Lawrance, Derek Robert, A.K.I.C. British. 25, Poplar Road, Croesyceiliog, Cwmbran, Monmouth 
shire Kesearch Chemist. Signed by: K. Butler, W. A. W. Cummings 

Lee, John David, }'.Sc. (Nott.). British. 58, Ribby Road, Kirkham, Preston, Lancs. Student 
signed by. V.C. Laxton, A. R. Mathieson 

Logan, Norman. Jiritish. 11, Queens Road, Shipley, Yorks, Student at Nottingham University 
Signed by: ©. ©, Addison, J, C. Roberts 

Lord, George Harry, 13.5c.(Lond.). British. 25, de Bohun Avenue, Southgate, London, N.14. Research 
Student Signed by: 1. L. Fimar, A. B. Simmonds. 

Lukes, Robert Michael, I’). (Notre Dame). American. 1928, Dean Street, Schenectady 9, New 
York, U.S.A Research Associate at the General Electric Co signed by: 1. S. Bengelsdort, 
G. A. Russell 

McCaldin, Denis James, 1} Sc. (Nott.). British. 16, Barrack Lane, The Park, Nottingham. Research 
Student, Signed by: A. W. Johnson, W. E, Addison. 

Manning, Phillip Pleydell, M.A. and Ph... (Cantab.). Pritish. 150, Marshalswick Lane, St. Albans, 
Herts. Kesearch Chemist Signed by: B. Mills, J. A. Vendley 

March, Peter James, B.Sc. (Lond), A.K.L.C. British. c/o Egham Technica! Service Laboratories, 
Whitehall Lane, igham, Surrey. Laboratory Manager. Signed by; W. B. Hawes, F. J. Parmenter. 

Markham, Edward. Jiritish. 83, Lady Bay Road, West Bridgford, Nottingham. Student. Signed 
by cu © Addison, T. J King 

Marnef, Louis. [iclgian. Vakkelstraat 45, Hoboken, Belgium. Technical Manager at Manufacture 
Belge de KRubans & Ca: bones, 5.A., Antwerp. Signed by: A. Brewer, RK. L. Barker. 

Miles, David Hugh, Writish. Connaught Hall, Torrington Square, London, W.C.1. Student. Signed 
by: A. Maccoll, E. D. Hughes 

Mill, Theodore, 3.5. (Wayne), American, Chemistry Department, University of Washington, Seattle 
5, Washington, U.S.A. Graduate Student. Signed by: W. M. Schubert, K. B. Wiberg. 

Miller, Glyn, 3.A. (Oxon.). British. c/o Haventree, Kidderminster Road South, West Hagley, Stour 
bridge, Worcestershire, Kesearch Chemist with Messrs. Albright & Wilson, Ltd. Signed by: 
G. D. Parkes, ’. H. Carter. 

Morris, Graeme Crocker, 8.Sc. (Sydney). Jritish, Christian Brothers’ Training College, Strathfield, 
N.S.W., Australia. Teaching Fellow of the Chemistry School of the University of Sydney. Signed 
by: I, G. Ross, L. E. Lyons. 

Moult, Peter Eric Geoffrey, B.A. (Oxon). British. 13, St. Thomas’ Drive, Hatch End, Middlesex 
National Serviceman. Signed by; H.W. Thompson, E. J. Bowen. 

Muir, William MoClement. British. Mileburn House, 53, Ashton Road, Gourock, Renfrewshire 
Student, Signed by; D. S. Payne, G. L. Buchanan. 

Nelson, Robert Livingston. British. 54, Middleton Road, Uphall, Broxburn, West Lothian. Student 
at Edinburgh University. Signed by: J. H. Knox, G. O. Aspinall 

Nickels, Eileen Dorothy. [ritish. Lynwood, 1208, London Road, Norbury, London, S.W.16. Assistant 
Chemist and Secretary, Signed by: H. E. Nickels, 5. A. Ashmore 

) hEocha, Colm, M.Sc. (N.U.L.), Ph.D. (California). Irish, University College Galway, Ireland 
Lecturer, Signed by: P.O Colla, E. Lee 

Parish, Richard Vernon, !}.Sc.(Lond.). British. 59, The Avenue, Wembley Park, Middlesex. Student 
at University College, London. Signed by; P. W. C. Barnard, R. 5, Nyholm. 

Paton, Cumming, 8.Sc. (Aberd.). British. 18, Carden Place, Aberdeen. Research Student, Signed 
by: R. H. Thomson, R. L. Hardie. 

Paul, Albert Peter, 5. S. (Penna.), M.A. (Swarthmore Coll.), Ph.D. (Columbia). American, 938, Park 
Avenue, Plainfield, New Jersey, U.S.A. Research Chemist. Signed by: W. L. Mosby, D. W 
Hein 

Pickerell, Geoffrey Howard. British, Moorhurst, Grindleford, Nr. Shetheld. Undergraduate at 
Shetheld University, Signed by: J. Lewis, R. G. Wilkins. 
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‘ Triterpenoids. Part LI. The isolation and characterisation of glabric acid, a new 
triterpenoid acid from liquorice root."’ By J. M. Beaton and F. S. Sprine. 
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‘‘ Demethoxykanugin: a new crystalline compound from Pongamia glabra.” By 
QO. P. Mirrar and T. RK. SesHapri, 
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‘ The anodic behaviour of lead in halide solutions."" By G. W. D. Brices and W. F. K. 
WYNNE- JONES. 

|: 8 Dihydroxynaphthalene.”” By No. Pu. Buu-Hol and Denise Lavrr. 

“ Triterpenoids. Part LII. The constitution and stereochemistry of friedelin and 
cerin.”’ By Grorck Brown ir, F. S. Sprinc, RoBperRT STEVENSON, and W. S. STRACHAN. 

‘ Structural chemistry of the alkoxides, Part VI. Primary alkoxides of quadrivalent 
cerium and thorium.” By D. C. Brap.ey, A. K. CHATTERJEE, and W. WARDLAW. 

“ The synthesis of 7-(2 : 3-dihydroxypropyl)theophylline.”” By Davin B. Ismay. 

“ Colombo-root bitter principles. Part II. The constitution of columbin.” By 
D. H. R. Barton and Dov Exap. 

‘An approach to the total synthesis of triterpenes. Part I." By T. G. HALSALL 
and D. B. THomas. 

‘ The preparation of 7-methyl-2-naphthol."". By T. G. HALsati and D. B, THomas. 

“ Terpenes. Part X. A synthesis of (+-)-angustione.” By J. C. BARDHAN and 
kK. N, ADHYA. 

The constitution of the neutral, tetracyclic triterpenes of dammar resin.” By J. S. 
MILLS 

The structure of isatin and substituted isatins.”” By D. G. O’SuLLivan and P. W. 
SADLER. 

‘ Electrometric titration of the sodium salts of deoxyribonucleic acids. Part IV. 
Denaturation by heating in aqueous solution.” By R. A. Cox and A. R. PEAcocKE. 

‘' Benzoyloxylation, halogenation, and phenylation of aromatic compounds by silver 
bromide dibenzoate and silver iodide dibenzoate.’’ By D. Brycr-Smrrn and PrTer 
CLARKE 
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“Normal alkoxides of quinquevalent niobium.” By D. C. Brapiey, B. N. 
CHAKRAVARTI, and W. WARDLAW. 

“ Nucleotides. Part XXXVII. The structure of uridylic acids a and } and a syn- 
thesis of spongouridine (3-6-p-arabofuranosyluracil).’" By D. M. Brown, Sir ALEXANDER 
Topp, and S. VARADARAJAN. 

‘‘ The structures of some acyl cytosines.”” By D. M. Brown, Sir ALEXANDER Topp, 
and S. VARADARAJAN. 

“ Phthalaldehydes and related compounds. Part VII. Further applications of the 
N-bromosuccinimide preparative method.” By Joun Brain, W. R. LocGan, and G. T. 
NEWBOLD. 

“ Absorption spectra of ketones. Part IV. The steric requirements for spectro- 
scopic interaction between a carbonyl group and a #y-double band."" By R. C. Cookson 
and N. S. WARIYAR. 

“ Chlorophyll and related compounds, Part IV. The position of the extra hydrogen 
atoms in chlorophyll. The oxidation of pyrophewophorbide-a."" By G. E. Ficken, 
R. B. Jonns, and R. P. Linstgeap. 

‘Chlorophyll and related compounds. Part V. The dihydrohamatinic acids and 
their imides.”” By G. E. Ficken, R. B. Jouns, and R. P. Linsreap, 


“ Further crystalline constituents of gum mastic." By ELIskro SEOANE. 

“ Stereochemical aspects of aromatic substitution, Part I. peri-Derivatives of 
naphthalene.” By F. Brit, J. A. Gipson, and R. D. Wiison. 

“ Stereochemical aspects of aromatic substitution. Part II. Derivatives of tert.. 
butylbenzene.”’ By F. Berr and R. D. Wison 
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E. S. Lower.) 
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Charles N. Satterfield, and Ralph L. Went- 
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graph Series, No, 128.) Keinhold Publ. Corp 
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Spot tests, by N. A. Tananaev. (In Rus- 
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PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


OFFICIAL ANNOUNCEMENTS 
DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 


Elected. Died. 


Edmund Arthur Buckle (Hove) ..................... Dee. 5th, 1912. Nov. 9th, 1955. 
Arthur Fred Campbell (Torquay) —_ 20th, 1912. Feb. 27th, 1966. 
Albert Edward Garrett (Newton Abbot) ‘eb. 20th, 1913. Nov. 17th, 1955. 


Edgar Archibald Morris gee) cescovccsercccoese Aug. 21st, 1947. Feb, 12th, 19566, 
Harold Picton (Watford) ....... ... Apr. 17th, 1890. Mar. 21st, 1956. 


James Porter Shenton (Sunbury- on- 1-Thames) | ... June 17th, 1897, Feb. 24th, 1956. 


CONGRATULATIONS, 
The President has conveyed the congratulations of the Society to the following Fellows 
who completed sixty years of Fellowship on May 5th, 1956: 


jon McCrae (Johannesburg). 
fenry Fishwick Robinson (Ashford, Derbyshire). 


and to the following who completed fifty years of Fellowship on May 3rd, 1956 : 


— Stuart Hills (S.E. 26). 

illiam Tabor Lattey (Hove). 

Foster Sproxton (East Barnet). 
George Augustus Turner (Worcester). 


ACKNOWLEDGMENTS. 

The thanks of the Council have been conveyed to Dr. R. Lessing for a gift of the Society’s 
publications and to a Life Fellow of the Society, who wishes to remain anonymous, for a 
donation to the Society’s funds. 


COMMITTEES 1956—1957. 

The thanks of the Council have been conveyed to the retiring Members of Committees 
for the services they have rendered to the Society. The following have been appointed 
for 1956-—1957 : 

Finance and General Purposes Committee 


Professor H. Burton, Dr. F. Hartley, Sir Cyril Hinshelwood, Dr. R. Holroyd, Professor 
E. D. Hughes, Professor E. R. H. Jones, Professor H. W. Melville, Sir Owen Wansbrough- 
Jones, together with the Officers, the Chairman of the Publication Committee, and the 
Representative of the Joint Library Committee on the Council of the Chemical Society, 
with the President as Chairman, Treasurer as Vice-Chairman, and the General Secretary 
as Secretary. 

Research Fund Committee 

Professor Wilson Baker, Professor C. E. H. Bawn, Professor H. J. Emeléus, Professor 
G. Gee, Professor D. H. Hey, Professor E. D. Hughes, Dr. F. E. King, Professor J. M. 
Robertson, Mr. R. M. Winter, together with the Officers, with the President as Chairman, 
and the General Secretary as Secretary. 
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Publication Committee 

Professor C. K. Ingold (Chairman), Dr. C. C. Addison, Dr. G. Baddeley, Professor 
D. H. R. Barton, Professor E. Boyland, Dr. P. B. D. de la Mare, Professor H. J. Emeléus, 
Professor D. H. Everett, Professor G. Gee, Dr, B. A. Hems, Dr. H. R. Ing, Dr. H. M. N. H. 
Irving, Dr. D. J. G. Ives, Professor E. R. H. Jones, Dr. G. W. Kenner, Professor H. C. 
Longuet-Higgins, Professor B. Lythgoe, Professor R. A. Morton, Professor A. Neuberger, 
Professor Kk. G. W. Norrish, Dr. V. Petrow, Mr. H. M. Powell, Dr. P. L. Robinson, 
Dr. K. Schofield, Dr. N. Sheppard, Professor M, Stacey, Professor H. W. Thompson, 
Professor E. Ek. Turner, Professor A. R. J. P. Ubbelohde, and the Officers, with the Editor 
as Secretary. 


Awards Committee 


The President (Chairman), the immediate Past-President (Professor W. Wardlaw), 
Professor Kk. D. Haworth, Sir Cyril Hinshelwood, Professor C. K. Ingold, Professor H, W. 
Melville, Dr. R. Spence, Sir Alexander Todd, with the General Secretary as Secretary. 


HONORARY FELLOWS. 

The following have been nominated by the Council for election as Honorary Fellows 
of the Chemical Society in accordance with the terms set out in Part II of the Bye-Laws 
of the Society 


Professor R. S. Mulliken (Chicago), distinguished for his researches in spectroscopy 
and in the application of wave-mechanics to chemistry. 

Professor R. B. Woodward (Harvard), distinguished for his contributions to synthetic 
organic chemistry. 


THE HARRISON MEMORIAL PRIZE 


In accordance with the Trust Deed governing the Harrison Memorial Fund, the Selection 
Committee, consisting of the Presidents of the Chemical Society, the Royal Institute of 
Chemistry, the Society of Chemical Industry, and the Pharmaceutical Society, will, after 
December Ist, 1956, consider making an award of the Harrison Memorial Prize. 

The Prize, not exceeding 100 Guineas, will be awarded to the chemist of either sex, 
being a natural-born British subject and not at the time over thirty years of age, who, in 
the opinion of the Selection Committee, shall, during the previous five years, have conducted 
the most meritorious and promising original investigations in Chemistry and published the 
results of those investigations in a scientific periodical or periodicals. 

Applications, five copies of which must be submitted, should give the name of the 
applicant (in full); age (birth certificate should accompany the application); degrees 
(with name of University); way other qualifications and experience ; tiltes of published 
papers (with co-authors’ names) including full references to publication; where research 
was carried out; testimonials and references, and any other particulars bearing on the 
application 

rhe Selection Committee is prepared to consider applications, nominations, or inform- 
ation as to candidates eligible for the Prize. Any such communication must be received 
by the President, The Chemical Society, Burlington House, Piccadilly, London’ W.1, 
not later than Saturday, December Ist, 1956. Candidates must not have attained the age 
of thirty years at this date, 


CORDAY-MORGAN MEDAL AND PRIZE. 

lhis Award, consisting of a Silver Medal and a monetary Prize of 200 Guineas, is made 
annually to the chemist of either sex and of British Nationality who, in the judgment of the 
Council of the Chemical Society, has published, during the year in question, the most 
meritorious contribution to experimenty! chemistry, and who has not, at the date of 
publication, attained the age of thirty-six years. 
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Copies of the rules governing the Award may be obtained from the General Secretary 
of the Society. Applications or recommendations in respect of the Award for the year 
1955 must be received not later than December 31st, 1956, and applications for the Award 
for 1956 are due before the end of 1957. 


RESEARCH FUND. 

A meeting of the Research Fund Committee will be held in November next. All 
persons who have received grants, and whose accounts have not been declared closed by the 
Council, are informed that reports must be received by the Society not later than November 
Ist, 1956. 

Applications for grants, to be made on forms available from the General Secretary, 
must be received on or before November 15th, 1956. Applications from Fellows will receive 
prior consideration. 

Attention is drawn to the fact that the income arising from the donation of the Worship- 
ful Company of Goldsmiths is principally devoted to the encouragement of research in 
inorganic and metallurgical chemistry and that the income from the Perkin Memorial 
Fund is to be applied to investigations relating to problems connected with the coal-tar 
and allied industries. 


MR. JOHN CLARKE. 

Mr. John Clarke, Commissionaire with the Society since 1926, retired at the end of 
April and, to mark the occasion, the President, on behalf of the Society, presented him 
with a watch. 


DYERS’ ESSAY COMPETITION. 

To mark the centenary of W. H. Perkin's discovery of the first coal-tar dyestuff, the 
London Section of the Society of Dyers and Colourists is offering a prize of twenty-five 
guineas, an anonymous gift by a member of that Society, for the best essay on “ The 
Influence of Perkin’s Discovery, and of the Synthetic Dyestuffs which followed it, on any 
trade of the candidate's choice.” Competitors need not be members of the Society of 
Dyers and Colourists, but they must live, work, or study in the area covered by the Society's 
London Section, which is South of a line joining Great Yarmouth and Gloucester. They 
must not have reached the age of twenty-six years on December 3]st, 1956. Full details 
can be obtained from the Honorary Secretary of the Section, Mr. H. W. Taylor, 10, Milton 
Avenue, Sutton, Surrey. 


SECOND INTERNATIONAL CONGRESS OF SURFACE ACTIVITY. 


This Congress will be held in London from April 8th to 12th, 1957, with Lord Brabazon 
of Tara as the President of Honour and Sir Eric Rideal as the President. 

An Organizing Committee has been set up under the Chairmanship of Dr. Leslie H. 
Lampitt, with Sir Charles Dodds as Honorary Treasurer and Lt.-Colonel Francis J. Griffin 
as Honorary Secretary. 

Membership of the Congress is open to all interested persons on payment of the member- 
ship fee of {4. It is hoped to issue a detailed programme in the near future, and all en- 
quiries should be addressed to the Honorary Secretary, IInd International Congress of 
Surface Activity 14, Belgrave Square, London, S.W.1. 
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MINUTES OF SCIENTIFIC MEETINGS 


Minutes of a 
SCIENTIFIC MEETING 


held in the Great Hall of the University of Nottingham on 
Monday, March 26th, 1956, at 9.30 a.m. 


The President, Proressor W. WARDLAW, C.B.E., D.Sc., F.R.1.C., was in the Chair. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society : G. G. F. Newton, Ronald Breslow, 
Eric Bullock, Julian E. Davies, E. J. Forbes, P. C. Jocelyn, Jas. L. Lowe, R. B. Arnold, 
P. G. Philpott, R. J. Moss, Peter R. Leeming, D. D. Chapman, Gordon Read, K, Elliott, 
K. G. Lewis, R. Massy-Westropp, W. C. Howell, J. T. Braunholtz, S. A. Warsi, D. M. 
Brasher, P. E. Macey, L. McGrath, J. P. Brown, 


SYMPOSIUM 


Che President celled upon Professor A, W. Johnson to take the Chair for the morning 
session of the Symposium entitled ‘‘ Antibiotics and Mould Metabolites.” Professor 
Johnson welcomed the Society to the University of Nottingham and opened the Symposium. 
[he following contributions were then made and discussed : 


|. ‘‘ Fungal Quinones,” by J. H. Birkinshaw (London School of Hygiene and 
Tropical Medicine) 

2. ‘Synthesis of some Fungal Metabolites,”’ by D. H. R. Barton (University of 
Glasgow) 

3. ‘ Azophilones, a General Survey,’’ by A. D. G. Powell, Alexander Robertson, 
and W B Whalley (U niversity of L iverpool). 

4. " The Structure of Purpurogenone,” by J.C. Roberts (University of Nottingham). 


The Symposium was resumed after lunch, with Professor E. R. H. Jones in the Chair. 
Che following contributions were made and discussed : 


5. “ The Chemistry of Terramycin and Related Antibiotics,’’ by L. H. Conover 
(Charles Pfizer and Co,, U.S.A.). 

6. “ Actinomycin,” by A. W. Johnson (University of Nottingham). 

7. “Chemistry of the Cephalosporins,”’ by E. P. Abraham and G. G. F. Newton 
(University of Oxford). 


At the end of the Symposium the Chairman expressed the thanks of the Society to the 
contributors. 


Minutes of a 
SCIENTIFIC MEETING 


held in the Great Hall of the University of Nottingham on 
Wednesday, March 28th, 1956, at 11 a.m 


The President, Proressor W. WARDLAW, C.B.E., D.Sc., F.R.1.C., was in the Chair. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: F. C. Laxton, R. J. High, 
R. Michaelis, B. D. Shaw. 


FPARADAY LECTURE. 


The President called upon Professor Dr. Otto Hahn to deliver the Faraday Lecture 
entitled “ Personal Reminiscences of a Radiochemist.’’ At the conclusion of the Lecture 
the President presented the Faraday Medal to Professor Dr. Hahn and proposed a vote of 
thanks to him for his lecture, which was carried with acclamation. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for May, 1956. Such ob- 
jecttons will be treated as confidential, The forms of application are available in the Library.) 


Aroney, Manuel, M.Sc. (Sydney). British. Chemistry Department, Sydney University, Sydney, 
New South Wales, Australia. Teaching Fellow. Signed by: RK. J. W. Le Févre, D. P. Craig. 
Blackman, Lionel Cyril Francis, B.Sc. & Ph.D. (Lond). British. 163, Tany’s Dell, Harlow, Essex. 
Scientific Officer (Admiralty) Signed by: M. J. S. Dewar, W. J. Hickinbottom 

Blaker, John Warren, 83.5. (Wilkes College). American. The Graduate House, Massachusetts Institute 
of Technology, Cambridge 39, Mass., U.S.A. Graduate Student. Signed by: H. O. House, A. C, 
( ope. 

Broomhead, John Arthur, B.Sc. (Sydney). Australian. 13, Bell Street, Watsons Bay, Sydney, New 
South Wales, Australia. Student at Sydney University Signed by: KR. J. W. Le Pévre, T. Iredale. 

Cook, Reginald William Kell. British. 230, Marsh Lane, Preston, Lanes. Student. Signed by: 
W. J. Hickinbottom, R. F, Garwood 

Crawford, John Michael. Australian. Ormond College, University of Melbourne, Cariton, N.3, Victoria, 
Australia. Student. Signed by: K.H. Pausacker, J. G. Scroggie 

Cremlyn, Richard James William Campbell-Davys, Sc. and Ph.D. (Wales). British. Flat 5, Park 
Lodge, Binfield, Berks. Research Chemist with the Central Agricultural Control of 1.C.1. Ltd., 
Bracknell. Signed by: G,. W. Kenner, C, W. Shoppee 

Galt, Ronald Hilson Begg, B.Sc. (Glas.). British. Machany, Auchenlodment Road, Johnstone, Ken 
frewshire. Research Student at Glasgow University. Signed by; D. H. R. Barton, J, D. Loudon 

Gibson, Ian Hampson. Australian. 6, Delia Street, South Oakleigh, S.E.13, Victoria, Australia, 
Student at Melbourne University. Signed by: K. H. Pausacker, J. F. Duncan 

Gould, Patrick, B.Sc. (Lond.). British. 722, Fulham Road, London, S.W.6. Research Chemist. 
Signed by; F. R. Goss, J. A. Reid. 

Karelsky, Margarita, 8.Sc. (Melbourne). British. 6, Devon Road, Pascoe Vale, Victoria, Australia. 
Research Student Signed by: K. H. Pausacker, A. RK. Fox 

Kimber, Ronald Walter Lincolne, B.Sc. (Adelaide). Australian. 45, Second Avenue, Forestville, 
Adelaide, South Australia. Student at Adelaide University Signed by: G. M. Badger, P. BK 
Jefferies. 

Kowanko, Nicholas, .Sc. (Adelaide), Australian. 8, Duke Street, Beulah Park, South Australia 
Student Teacher. Signed by: G. M. Badger, J]. W. Clark-Lewis 

Leach, Reuben Sydney, B.Sc. (Lond.), D.-¢s-Sc. (Paris). British. Laboratoire de Chimie-Physique, 
Faculté des Sciences de l'Université de Paris, 11, rue Pierre Curie, Paris Se, France. Research 
Fellow of the French National Scientific Research Centre. Signed by; J. Sutton, C. M. Moser 

Okolski, Zbigniew Jan, B.Sc. (U.D.C.). Polish. c/o 116, Kennington Park Road, London, 5.E.11 
Chemist at The Counties Public Health Laboratories, 5.W.1 Signed by: R. C. Hoather, D. A, 
Brown 

Priest, David Charles, B.A. (Coe College). American. Box 167, Department of Chemistry, University 
of N., Carolina, Chapel Hill, North Carolina, U.S.A, Student Signed by: D. B. Bright, J. Bunnett 

Russell, Douglas William, 8.Pharm. (Lond.) F.P.S. British. 53, Rosemary Koad, London, 5.E.15. 
Biochemical Research. Signed by: D. W. Mathieson, D. I’. Elliott 

Simon, Sidney Frank, B.Sc. (Brooklyn Coll.). American. 44, Tavistock Square, London, W.C.1 
Student at Birkbeck College, London Signed by: K. C. Cookson, A. K. Chatterjee 

Sinclair, Lynne, A.K.I.C. British. 1, Upper Addison Gardens, London, W.14, Assistant Analyst. 
Signed by: S. G. E. Stevens, A. H. J. Cross 

Taylor, Nigel Hardy. Jritish. 727, City Road, Manor, Sheffield, 2. Student at Oxford University. 
Signed by: L. A. K. Staveley, J. W. Linnett 

Uliman, Edwin F., B.A. (Reed Coll.), M.A. and Ph.D. (Harvard). American. American Cyanamid 
Company, Stamford, Connecticut, U.S.A. Kesearch Chemist. Signed by: RK. W. Young, S. B. 
Davis, G. W. Anderson. 

Walton, Alan George. British. 30, Old Oak Koad, Kings Norton, Birmingham, 30, Student at 
Nottingham University. Signed by; C. C. Addison, 5. C. Wallwork 

Williams, Alan John, B.Sc. (Sydney). British. 18, Kissing Point Road, Turramurra, New South 
Wales, Australia. Student. Signed by: R. J. W. Le Feévre, D. P. Craig 
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UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 

Avasthi, Bal Krishna, M.Sc. and D.Phil. (Allahabad). Indian. Collége Néerlandais, 61, Boulevard 
Jourdan, Cité Universitaire, Paris, XIVE, France. Research work at the Pasteur Institute. 
Signed by: P. Verma. 

Bagli, Jehanbux Framroz, 8.Sc.Tech. (Bombay), Ph.D. (Lond.). Indian. Chemistry Department, 
Johns Jopkins University, Baltimore 18, Maryland, U.S.A. Research Associate. Signed by: 
A. Nickon 

Dunkel, Morris, 1.5. (Long Island), M.A. (Brooklyn Coll.), Ph.D. (Arkansas). American. 1948—66 
Street, Brooklyn 4, N.Y., U.S.A. Research Chemist. Signed by; J. Feltzin 

Hartman, George Solomon, M.S. (Lehigh). American. The Electric Storage Battery Company, P.O 
Box 5723, Philadelphia 20, Pennsylvania, U.S.A. Assistant to the Director of Research. Signed 
by; C. C. Wallace 

Swaminathan, Sambasiva, M.A. (Annamalai), Ph.D. (Illinois). Indian. A. C, College, Madras-25, 
India. Reader in Organic Chemistry. Signed by: G. Eglinton. 


Tinker, Philip Bernard Hague, 8.Sc. and Ph.D. (Sheffield). British. West African Institute for Oil 
Valm Research, Benin, Nigeria. Research Chemist. Signed by; W. D. Walsh 


PAPERS ACCEPTED 


(List of papers received between March 22nd and April 17th, 1956, for publication in the 
Journal), 


‘‘ Hydrogen evolution at electrodeposited copper in hydrochloric acid.” By (the late) 
5. E. 5, Ex Waxkap, I, A, Ammar, and H. Sasry, 

‘‘ Compounds of potential pharmacological interest. PartI. 3-Phenyl-l-indanamines.” 
sy Kk. M. Acneson, P. G. Puicporr, K. E. MacPuer, J. S. Hunt, and J. A. BARLTROP. 

‘' The pinacol-pinacone rearrangement. Part I. Catalysis by strong monobasic acids.”’ 
By J. F. Duncan and K. R. Lynn. 

“The pinacol-pinacone rearrangement. Part II, Catalysis by sulphuric acid.” 

J. F. Duncan and K. R. Lynn. 

‘ The pinacol~pinacone rearrangement. Part III. Evidence on general acid catalysis.”’ 
ty J. F. Duncan and K. R. Lynn. 

‘Synthesis of thionaphthen derivatives. Part I. The cyclisation of arylthioacet- 
aldehyde diethyl acetals.” By J. E. Banrietp, W. Davies, and 5. MIDDLETON. 

Reactions of disodium pentacyanoamminoferrate with aromatic amines. Part I. 
rhe preparation and properties of compounds containing the pentacyano-p-hydroxy- 
anilinoferrate ion.”” By E. F. G. HERINGTON, 

‘ Some aspects of the system uranium trioxide-water."" By J. K. Dawson, E. Warr, 
K, Atcock, and D. R. Citron. 

‘* Manganese dioxide oxidation of some unsaturated carbinols."” By K. R. BHARUCHA. 

sutadienes and related compounds. Part III. A study of the mechanism of form- 

ation of 1: 1:4: 4-tetrarylbuta-l : 3-dienes.”” By Wapir Tapros, ALry B. SAKLA, and 
YOUSSEF AKHNOOKH, 

“Infrared spectra and polar effects, Part III. Internal spectral relationships.” 
By L. J. Be_ttamy and R. L. WILLiAMs. 

The solubility of tungsten trioxide in hydrochloric acid."" By (the late) 5S. E. S. Ex 
WakkAb and H, A. M. Rizk, 

‘Proof of the structure of ‘ p-glucosazone-formazan’ (1-phenylazo-p-glucosazone) 
by synthesis.” By L. Mester and A. Major. 

 New-type carbohydrate formazans."" By L, Mester and E. Moczar. 

 Tropolones. Part IX, 2: 3-Dihydro-2 ; 3-methylene-1 : 4-naphthaquinone.” By 
G. L. BUCHANAN and J. K. SUTHERLAND. 

‘‘ Perfluoroalkyl derivatives of nitrogen. Part III. Heptafluoronitrosopropane, 
perfluoro-2-n-propyl-1 : 2-oxazetidine, perfluoro(methylene-n-propylamine), and related 
compounds.”” By D. A, Barr and R, N. HaszeLpine. 
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“ Isolation and properties of pure actinomycins.’’ By G. G. Roussos and L. C. Vining. 

“ An infrared spectroscopic investigation of absorption due to the N-H stretching modes 
of vibration in co-ordination compounds of ammonia and amines. Hydrogen bonding 
(N-H ... Cl) in a series of amine complexes of platinous chloride.” By J. Cuartt, 
L. A. Duncanson, and L. M. VENANZI. 

‘“ The spectra of some solid cobaltic nitroammines, and certain other cobaltic complexes, 
in the 2—15 u region.” By I. R. Bearrie and H. J. V. TyrRetv. 

“Mechanism, kinetics, and stereochemistry of octahedral substitutions. Part VI 
Bimolecular basic hydrolysis and aquation of the chloronitrobis(ethylenediamine)cobalt (11) 
ions.”” By S. ASPERGER and C. K. INGOLD. 

“ Glycine peptides. Part III. The absorption of Orange II by polyglycine.” By 
A. B. Mecey and D. Sims. 

‘ The chemistry of triterpenes and related compounds, Part XXVIII. §-Boswellic 
acid.”’ By J. L. Beton, T. G. HALsaLt, and E. R, H. Jones. 

“The use of deactivated charcoals for the isolation of aromatic substances."" By A, 
Asatoor and C, E. DALGLIESH. 

“ Studies of the strength of poison-to-catalyst bonds. Part I Heats of adsorption 
of ethyl sulphide and thiophen on platinum.” by E. B. Maxtep and M. Joserus. 

‘ The chemistry of the transition elements. Part Il. Some carbonyl compounds of 
ruthenium.” By R. J. Irvinc. 

‘ Double melting of molecular addition compounds of dinitrogen tetroxide with organic 
donors.”” By C, C. Appison and J. C. SHELDON 

‘‘ The ionisation functions of cyanoacetic acid in relation to the structure of water and 
the hydration of ions and molecules,”” By F. S. Feares and D. J. G. Ives. 

‘The pyrolysis of chloroalkenes. Part III. The molecular mode of decomposition 
of the | : 2-dichloroethylenes.”” By (Miss) A. M. Goopa.t and K. E, HowLert. 

‘The micro-flame detector in gas-liquid partition chromatography-—correlation of 
response with heats of combustion.”” By J. Il. Henperson and J. H. Knox, 

‘ Some reactions of scandium.” By R. C. Vickery. 

“ A synthesis of 3 : 4-benzopyrene-1 : 5-quinone.” »R, O. C, NORMAN and WILLIAM 
A, WATERS. 

‘ A thermochemical evaluation of bond strengths in some carbon compounds, Part IV, 

sond-strength differences based on the reaction: RI 4+ Hl —® KH + 1,, where R 
p-methoxyphenyl and cyclohexyl."" By D. Brennan and A. R. UBBELONDE, 

‘ Polynuclear heterocyclic systems. Part X. The Elbs reaction with heterocycli 
ketones.” By G. M. Bapcer and B. J. Curisrir 

“ Decarboxylative acylations with «a-aminophenylacetic acid.” By ALEXANDER 
LAWSON. 

‘ The auxochromic effect of the cyclobutane ring.” By J. J. WRen. 

Polypeptides. Part II. The preparation of some protected peptides of cysteine and 
glycine.” By K. C. Hoopger, H. N. Rypon, J. A. Scuorimep, and (in part) G. 5, Heaton. 

“ Polypeptides. Part II]. The oxidation of some peptides of cysteine and glycine.”’ 
By G. S. Heaton, H. N. Rypon, and J. A. Scnoriep. 

‘ The reaction of dialkyl sulphites with sodium iodide in acetone."” By A. B. Foster, 
E. B. Hancock, W. G. OvVEREND, and J. C. Rose 

“ Synthetic chabazites : correlation between isomorphous replacements, stability, and 
sorption capacity."” By R. M. Barrer and J. W. BaYNHAM. 

‘‘ Benzola|perylene and derivatives.”’ By E. CLar, W. Keiry, D. G. Stewart, and 
(in part) J. W. Wricurt. 

‘The synthesis of 1 : 2-dihydro-l-oxo-5'-phenylfurano(2’ : 3’-3 : 4)tsoquinoline.” By 
A. S. Battey and D. L. SwWALLow. 

“ The rearrangement of ketones containing tertiary alkyl groups.’ By 5, Barton 
and C. R. PorTer. 

“ The Sy mechanism in aromatic compounds, Part XIX.” By R. L. Heppo_etrre 
and JoserH MILLER 
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Oxidation of organic sulphides. Part VII. The mechanism of autoxidation of 
but-2-enyl methyl sulphide, methyl l-methylbut-2-enyl sulphide, and n-butyl methy! 
sulphide.” By L. Bateman, J. lL. CUNNEEN, and J. Forp. 

The structure of cyperone. Part V. The steric course of reduction of the cyperones.” 
sy R. Howe and F. J. McQuiiiin. 

‘ Addition reactions of heterocyclic compounds, Part III. 2: 3-Benzacridine and 
some dienophiles.”” By R. M. Acneson and C. W. Jerrorp. 

‘Critical concentrations of some alkylpyridinium iodides in water and in xylene 
evaluated from solubility measurements,” By C, C. Appison and C, G. L. FurmipcGE. 

“ Thiadiazoles. Part II]. 3-Amino-5-arylamino- and 3: 5-di(aralkylamino)-1 : 2 : 4- 
thiadiazoles."” By FrepeRICK KuRZER, 

The Friedel-Crafts reaction in the carbazole series. Part V."" By D. G. Brooke 
and (the late) S. G. P. PLANT. 

Infrared spectra and structure of some quinone monoximes,”’ By D. HapZ1. 

Phosphorylation through glyoxalines (iminazoles) and its significance in enzymic 
transphosphorylation.”” By J. BappiLey, J. G. BUCHANAN, and R. Letrers. 

 Careinogenic nitrogen compounds. Part XX. Benzacridines, benzocarbazoles, 
and benzophenarsazines with hydrogenated rings.”” By No. Pu. Buvu-Hof, Pierre 
Jacguicnon, and Denise Lavir. 

‘A synthesis of (4-)-pulegone.”” By C. Brack, G. L. BucHANAN, and (Miss) A. W. 
JARVIE. 

 Aryldihydroresorcinols. Part I. Dihydro-5-«-naphthyl- and 5-(4-diphenyl)dihydro 
resorcinols,”” By E. E. AYLInG, (the late) J. Honces, and R. F. K. Merepiru. 

The preparation and properties of some plutonium compounds. Part IV. Crystalline 
plutonium nitrate.” By J. L. Drummonp and G, A. WeLcu. 

“ The infrared spectra of some metal ammines and deuteroammines.”” By D. B 
Powe. and N, SHEPPARD. 

 Perfluoroalkyl derivatives of sulphur. Part V. ««-Difluoro-«-(trifluorothio)aceti 
acid.” By R. N. Hasze_pine and F. NyMAN 

‘ Trinuclear dyes related to oxonols. Part II. Formation and absorption spectra.” 
sy R. A. JEFFREYS. 

A study of oxidation of monohydric phenols by alkaline ferricyanide.”” By C, G. 
Haynes, A. H. Turner, and WILLIAM A. WATERS. 

The formation of borate complexes by hydroxamic acids.” By A. L. GREEN. 

‘ Synthesis of all-trans-, 2-cis-(or neo-), and 6-cis-(2-“C}\vitamin A."". By C. F. GARBERS. 

Chemical studies in the biosynthesis of purine nucleotides. Part 1. The preparation 
of N-glycylglycosylamines.”” By J. Bappitey, J. G. BUCHANAN, R. E. HANDSCHUMACHER, 
and J. F. Prescorr 

The diffusion in water of some association colloids and solubilised materials.” By 
N. Brupney and L, SAUNDERS. 

‘' 8-Mercaptoquinoline.”” By G. M. Bapcer and R, G. Buttery. 

Aconitum and Delphinium alkaloids. Part I. The environment of the nitrogen 
atom in delpheline.”” By R. C. Cookson and M. E, Trevertr. 

“ The reduction of 6-alkylnaphthalenes.” By A. S. Baitey, J. ©. Smrrn, and C, M 
STAVELEY 

Ribose and its derivatives, Part VII. The condensation of methyl p-ribopyrano 
side with acetone.”” By G. R. BARKER and J. W. Spoors. 

Hydrolysis of aryl sulphonates. Part II. Kinetic form of hydrolysis.” By C. A. 
Bunton and V. A. WELCH. 

“Pyrimidine reactions. Part I. Pyrimidines from malondiamide."” By D. J. 
BROWN. 

Organic fluorine compounds. Part IV. Some reactions of difluoromalonyl chloride 
and the action of iodine on disilver difluoromalonate."" By E. ]. P. Fear, J. THROWER, and 
}. Verrcn 

“ Diazepines. Part I. Condensation of acetylacetone with 1: 2-diamines,’”’ By 
DouGLas Lioyp and DonaLp R. MARSHALL 
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‘ Reaction-kinetic investigations of the incomplete dissociation of salts. Part IV, 


The neutralization of nitroethane by solutions of metallic hydroxides.” 


By R. P. Beit 


and M. H. PANCKHURST. 


ADDITIONS TO 


by N. K. Adam. 
(Presented by the 


chemistry, 
1956. 


Physical 
Clarendon Press. 
Author.) 

Advances in protein chemistry, edited by 
M. L. Anson, K. Bailey, and J. T. Edsall 
Vol. 10. Academic Press Inc. 1955 

The properties of aluminium and 
alloys. (Aluminium Development Association 
Information Bulletin 2.) 4th edn 
Aluminium Development Assoc, 1955. (Pre 
sented by the Publishers.) 

Methods for determining lead in air and in 
biological materials, 2nd edn. American Public 
Health Association, Inc. 1955. 

Proceedings of the fifth conference 
chemical works safety, held at Harrogate, 
1954. Association of British Chemical Manu 
facturers. 1955 

Official methods of analysis of the Association 
of Official Agricultural Chemists, edited by W 
Horwitz, 8th edn. Association of Official 
Agricultural Chemists, Washington. 1955 

Food technology processing and laboratory 
control, edited by F. Aylward. (Chemical and 
Chemical Engineering Series.) George Newnes, 
Ltd. 1955. (Presented by the Editor.) 

Introduction to chemical engineering, by 
W. L. Badger and J, T, Banchero, McGraw 
Hill Book Company, Inc. 1955. 

Memorial Number to Sir Edward Mellanby 
Recent Research on Vitamins. British Med: 
cal Bulletin, 1956, Vol. 12, No. 1. British 
Council Medical Department. 1956. 

Paint and varnish manufacture, edited by 
H. W. Chatfield. (Chemical and Chemical 
Engineering Series.) George Newnes, Ltd 
1955. (Presented by Dr. T. H. Morton.) 

Elsevier's Encyclopedia of Organic Chemis 
try, edited by F. Radt. Series III (carboiso 
cyclic condensed compounds), Vol, 14—supple 
ment (Steroids), Part 2 (substituted mono 
hydroxyl compounds, polyhydroxyl com- 
pounds), edited by A. Georg. Elsevier Pub 
lishing Company. 1956. 

European Brewery Convention, Proceedings 
of the (fifth) congress, Baden-Baden, 1955 
Elsevier Publishing Co. 1955. 

Proceedings of the first international neuro 
chemical symposium, held at Oxford, 1954 


its 


No. 


on 


THE LIBRARY 


Biochemistry of the developing nervous sys- 
tem, edited by H. Waelsch. Academic Press, 

1955 
Kinet 
Dover Publications Ine. 
the Publishers. ) 

Chemical trade names and chemical syno- 
a dictionary of American usage, by 
W. Haynes. 2nd edn. D. Van Nostrand Com- 
pany, Inc. 1955 

Verteilungsverfahren im Laboratorium, by 
Dr. E, Hecker. (Monographien zu Angewandte 
Chemie und Chemie-Ingenteur-Technihk, Nr. 
67). Verlag Chemie, GMBH. 19565. 

Handbook of chemistry and physics, A 
ready-reference book of chemical and physical 
data; edited by C. D. Hodgman, R. C. Weast, 
and S. M. Selby. 37thedn. Chemical Rubber 
Publishing Co 1955 (Presented by the 
Publishers.) 

Metallurgical thermochemistry, by O. Kuba 
LI. Evans. 2nd edn, Per- 
gamon Press, Ltd. 1956 

Physical chemistry. by W. ]. Moore 
edn. Longmans, Green and Co, 1956 

Spektrochemische  Betriebsanalyse — mit 
praktischen Ratschlagen fir die ausfihrung 
Analysen im  Betriebs- 
laboratorium, by H. Moritz. Die chemische 
Vol. 43, 2ndedn. Ferdinand Enke 


In 
theory of liquids, by rf lrenkel. 
1955. (Presented by 


nyms, 


schewski and E 


2nd 


spektrochemischer 


Analyse. 
\ erlag 

Introductory quantitative chemistry, by 
A. R. Olson, C. W. Koch, and G. C. Pimentel, 
(A series of chemistry texts, edited by Linus 
Pauling.) W. H and Co. 1956. 
(Presented by the Publishers.) 

Chimia si tehnologia colorantilor azoici, by 
I. Reichel ditura Academiei Kepublicii 
Populare Komine, 1955. (Presented by the 
Kumanian Academy of Sciences.) 

Polymer processes; chemical technology of 
plastics, resins, rubbers, adhesives, and fibers, 
edited by C. E. Schildknecht. (High polymers, 
Vol. 10.) Interscience Publishers, Ine 1956. 

British scientific instruments, 1956. Direc- 
tory and handbook of the Scientific Instrument 
Manufacturers Association of Great Britain, 
Limited. S.1.M.A. 1956. (Presented by the 
Publishers.) 


Freeman 
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Society of Biological Chemists, India, silver 
The Society of Biological 
(Presented by the 


jubilee souvenir 
Chemists, India, 
Publishers. ) 
Nouvelles recherches sur les lois des pro- 
portions chimiques, sur les poids atomiques et 
leurs rapports mutuels, by J, S. Stas, (Extrait 
du tome XXXV des Mémoires de l’Académie 
royale des sciences, des lettres et des beaux- 
arts de Belgique, 1865.) l'Académie Royale 


1955. 


de Belgique. 1865. (Presented by J. Vargas 
Eyre.) 

Topley and Wilson's principles of bacterio- 
logy and immunity, by G. S. Wilson and A. A. 
Miles. 2 vols. 4thedn. Edward Arnold, Ltd. 
1955. 

The third dimension in chemistry, by A. F. 
Wells. Clarendon Press. 1956. 

Resonance in organic chemistry, by G. W. 


Wheland, John Wiley & Sons, 1955. 


LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY 


Aberdeen, 
Australia. 
Birmingham 
Bristol, 
Cambridge. 
Canada, 
Ceylon. 
Edinburgh. 
Exeter, 
Glasgou 


Hull. 
India. 


Irish Republic, 
Leeds. 
Liverpool. 


Manchester 


Newcastle and 
Durham. 


New Zealand. 


Northern Ireland. 


North Wales. 

Nottingham. 

Oxford. 

Pakistan. 

St. Andrews and 
Dundee. 

She ffield. 

South A frica. 


Southampton 


South Wales 


R. H. Thomson, Ph.D., F.R.1.C., Chemistry Department, The University, Old 
Aberdeen, 
K. H. Pausacker, M.Sc., D.Phil, Chemistry Department, University of 
Melbourne, Carlton, N. 3, Victoria, Australia, 
Professor A. E. Alexander, M.A., Ph.D., Chemistry Department, N.S.W 
University of Technology, Sy« dney, N.S.W., Australia, 
J. C. Tatlow, B.Sc., Ph.D., Departme nt of Chemistry, The University, 
Edgbaston, Birmingh: im, 15 
P. Woodward, B.Sc., Ph.D., Chemistry Department, The University, 
Woodland Road, Bristol 
R. N. Haszeldine, B.Sc., M.A., Ph.D., University Chemical Laboratory, Pem- 
broke Street, Cambridge 
Professor J. K. N. Jones, M.Sc., Ph.D., A.R.L.C., Queen's University, 
Kingston, Ontario. 
M. U. S. Sultanbawa, B.Sc., Ph.D., A.R.L.C., Department of Chemistry, 
The University, Colombo, Ceylon, 
G, O. Aspinall, .Sc., Ph.D., Chemistry Department, King’s Buildings, West 
Mains Koad, E-dinburgh. 
K. Schofield, B.Sc., Ph.D., F.R.LC., Department of Chemistry, The 
University, Exeter. 
D. S. Payne, B.Sc., Ph.D., A.R.1.C, Chemistry Department, The University, 
Glasgow, W.2. 
G. W. Gray, B.Sc., Ph.D., Chemistry Department, The University, Hull. 
Professor T, R. Seshadri, M.A., Ph.D., F.R.I.C., Department of Chemistry, 
The University, Delhi, India. 
D. O Tuama, M.Sc., Ph.D., F.1.C.1., Medical Research Council of Ireland, 
The Laboratories, Trinity College, Dublin. 
E. Rothstein, Ph.D., D.Se,, A.R.C.S., Organic Chemistry Department, The 
University, Leeds, 2 
A. K. Holliday, B.Sc. .P h.D., Department of Physical and Inorganic Chem- 
istry, The U Jniversity, Live ‘pool. 
Db. W. Broad, Ph.D., A.R.1.C., Imperial Chemical Industries Limited, 
General Chemicals Division, Cunard Building, Liverpool, 3. 
H. B. Henbest, Ph.D., A.R.C.S., A.R.LC., Chemistry Department, The 
University, Manchester, 13. 
C. Farthing, M.A., B.Sc., Imperial Chemical Industries Limited, Hexagon 
House, Blackley, Manchester, 9. 
G. Kohnstam, B.Sec., Ph.D., The University Science Laboratories, South 
Road, Durham. 
'. J. MeQuillin, M.A., D.Phil, Chemical Department, King’s College, 
Newcastle upon Tyne. 
Professor S. N, Slater, M.Se., D.Phil, A.R.LC., Chemistry Department, 
Victoria University College, Wellington, New Zealand. 
R. G. R. Bacon, Ph.D., A.R.C.S., Chemistry Department, Queen's 
University, Belfast. 
J. E. McKail, Ph.D., Department of Chemistry, University College of North 
Wales, Bangor. 
C. C, Addison, D.Sc., Ph.D., F.R.1.C., Chemistry Department, The University, 
er Park, Nottingham 
“0 Staveley, M.A., Inorganic Chemistry Laboratory, South Parks 
Road. Oxford, 
M. 1. D. Chughtai, M.Sc.Tech., Ph.D., A R.LC., Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan 
C. Horrex, M.Se., Ph.D., Chemistry Department, The University, 
St. Andrews, 
H. J. V. Tyrrell, M.A., B.Sc., Chemistry Department, The University, 
Sheffield, 10, 
Professor F. L. Warren, Ph.D., F.R.1.C., Department of Chemistry, Uni- 
versity of Natal, P.O. Box 375, Pietermaritzburg, South Africa 
N. B. Chapman, M.A,, Ph.D., Department of Chemistry, The University, 
Southampton. 
R. H. Davies, M.Se., A.R.1.C., Department of Chemistry, University College, 
Singleton Park, Swansea 
A. R. Pinder, B.Sc., Ph.D., F.R.1.C,, Department of Chemistry, University 
College, Cardiff. 


June, 1956 


PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


OFFICIAL ANNOUNCEMENTS 
DEATHS. 
The Council regrets to announce the deaths of the following Fellows: 


Elected Died, 


Jan. 18th, 1945, Feb. 12th, 1956. 


Pandurang Narajan Joshi (Bombay) 
Dec. 6th, 1888. Apr. 26th, 1956. 


Arthur Landauer Stern (Chorley Wood) 


ELECTION OF NEW FELLOWS. 
The following 143 candidates were elected to the Fellowship on May 3rd, 1956: 


Frank Abbey. 

Joe Alfred Adamcik. 

Janet Allinger. 

Reinhard Richard Arndt. 
John Arris. 

Derek Wilfred Aubrey 
Abdul Latif Bacchus 
Neville John Baines. 
George Baum. 

Neville Ernest Bean. 

Colin Charles Beard. 

John Moody Beaton, 

John Biggs. 

jannik Bjerrum, 

Jean Winifred Brooks 
Anne Frances Brown 
Frank Brown. 

Patricia Margaret Brown. 
Stanley Sidney Brown. 
Zdzislaw Jan Bujwid 
Leslie Bunfield 

lan James Cantlon, 

James Frederick Carson, 
John Reginald Chase 
Anne Elizabeth Marie Chaplin. 
John Shipley Clarke. 
Richard Clarkson 

Joseph A. Cogliano 
Thomas William Corpe. 
Kenneth Nelson Cross 
Arthur William Dawkins 
Henri Dietrich. 

Kenneth Dixon. 

Dennis Albert Dowden 
John Michael Francis Drake. 
Phanindra Chandra Dutta. 
Leonard Kenneth Dyall. 
Thomas Elmezzi. 

Arthur Raymond Gordon Emslie, 
Arnold B. Finestone. 
Cesare Finzi. 

Carl Wilhelm Fischer. 
Abdallah Mohamed Fleige! 


Gordon Foster, 

James Fraser. 

John Friend, 

John Herbert Garside. 
Kkdward William Gill, 
Esmarch Senn Gilreath. 
Terence George Goodburn, 
lan Kelvin Gregor. 
Norman Francis Hardie. 
Stephen Henry Harvey. 
Edwin Haslam 

Hans Jorg Hediger. 
John Richards Herbert. 
Gordon Hetherington. 
Ivan Andrew Holliday. 
Joseph Simeon Howarth, 
Andrew Walter Jackson. 
Amolak Chand Jain. 
Megh Kumar Jain 
Leslie Cyril Johnson, 
Eric Johnston, 

Vera Johnston 

William Arthur Jones. 
Herbert C. Katz. 

Fred Allan Kincl 

David Kirkaldy, 

lan Lauder 

Derek Robert Lawrance. 
John David Lee. 
Norman Logan. 

Louis Long, jun. 

George Harry Lord, 
Robert Michael Lukes. 
Denis James McCaldin, 
Francis ate McGuire. 
Phillip Pleydell Manning. 
Peter James March. 
Edward Markham. 
Louis Marnef. 

Elliot Nelson Marvell. 
David Hugh Miles. 
Alwin S. Milian, jun. 
Theodore Mill. 


Glyn Miller, 

Kobert Clay Miller. 
Graeme Crocker Morris. 
Peter Eric Geoffrey Moult, 
William McClement Muir. 
Brown Lewis Murr, jun. 

C. Natarajan. 

Robert Livingston Nelson. 
Eileen Dorothy Nickels. 
Colm O hEocha, 

Kichard Vernon Parish. 
Cumming Paton. 

Albert Peter Paul. 
Geoffrey Howard Pickereil. 
Peter Jules Pinot de Moira, 


= Marshal! William Scott. 
illiam Peter Scott. 
Douglas Shooter. 
Sydney Skidmore. 
eith Slater. 
Barry Charles Smith. 
Brian Carl Stace. 
George M. Steinberg. 
Edith Stephen. 
ohn David Stevens. 
‘rederick Willem Stonner. 
— Boris Taylor. 
ieter ten Haken. 
Colin Reginald Thomas. 
Daniel James Thomas. 


Anthony Lloyd Price. Lydia Vallarino. 

Charles C. Price. André von Bezard. 
Mohammed Hafizur Rahman, Richard Bernard Ward. 

ee George Raphael, Ernest William Thomas Warford. 
tonald Steven Katney. David Neil Waters. 

John Barrie Raynor, — Michael Webber. 

Allen Forrest Reid. arl H. Weiss. 

William Henry Reusch. Ian Wellings. 

Arnold Kosen, Raymond james Withey. 
Donald Malcolm Rowlingson. Patricia Maureen Woodhams, 
Adib Salama. John Douglas Michael Wraige. 
Tahani Mahmoud Salem (Mrs.). Alexander Neil Wright. 

Roy Salter, Alfred Zeller. 

Hans Thomas Sanders. 


SCIENTIFIC MEETINGS. 
The following dates of Scientific Meetings during the Session 1956—-1957 have been 


approved by Council : 


1956, 1957. 


Thursday, October 18th Thursday, January 17th 
November Ist oa February 14th 
November 15th February 28th 
December 13th March 14th 
May 9th 
June 6th 


The Anniversary Meetings will be held in Cambridge from April 10th to 12th, 1957, 


” 
” 


LIBRARY. 
From July 16th until September 30th, 1956, the Library will close at 5 p.m. instead of 
7.30 p.m., and it will not be open on August 6th and 7th, 1956. 


PROCEEDINGS OF THE CHEMICAL SOCIETY, 1957. 

Council has approved plans for a change in the style, format, and contents of the Society's 
Proceedings. From January, 1957, Proceedings will be considerably increased in size by 
the inclusion of additional material which it is hoped will add greatly to the interest and 
permanent value of the publication. The new Proceedings will be given without extra 
charge to all Fellows who have paid the basic annual subscription, or who are Life Fellows, 
and to all non-Fellows subscribing to the Journal. In addition, non-Fellows may, if they 
wish, subscribe separately to Proceedings. 

In its new form Proceedings will no longer be issued as an insert in the Journal, but 
it will have its own distinctive cover, and will be printed in Times New Roman type on a 
white paper, thicker in substance than the tinted paper at present used, It will include 
lectures and obituary notices, and the Report of Council, which now appear in the Journal. 
It will also contain occasional articles, anonymous or signed, and personal news items 
concerning distinguished Fellows and visitors from overseas, as well as other news items 
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of general interest, and the official announcements which already appear. Reports of 
Scientific Meetings held by the Society will be included, as well as short scientific “ Com- 
munications '’ which are sufficiently urgent or important to qualify for the accelerated 
publication and the greatly increased circulation that Proceedings will offer by comparison 
with the Journal. Notes regarding the submission of ‘‘ communications" are given below. 
It is also expected that Proceedings will include, in addition to the advertisements at 
present printed in the Journal, a section of classified small advertisements, including notices 
of appointments vacant, ete. : 

Considerably less than half the total Fellowship now receives the Journal, and Pro- 
ceedings is, therefore, the only regular link which the Society has with many of its Fellows. 
The Council hopes that the improvements which are now planned will be welcomed by 
Fellows and by non-Fellows alike, and that they will form an attraction to prospective 
Fellows, and also will help to retain the interest of those Fellows who no longer need to 
subscribe to the Society's Journal. 


‘** COMMUNICATIONS "' FOR PROCEEDINGS, 1957. 

Starting in January 1957, Proceedings of the Chemical Society will be open to ‘‘ Com 
munications '’ which deal with original work of immediate importance to a substantial 
body of chemists. (See previous item.) Publication will be granted only to “ Com- 
munications "’ which satisfy each of these three requirements, #.¢., urgency, importance, 
and wide interest. The primary consideration will be that chemists in general shall 
benefit from information in advance of full publication. The object shall be to share 
knowledge, not to claim priority or reserve a field. Polemics, including prolonged 
argument about known experimental facts, would not be acceptable. 

Details of experimental methods will not be published unless they are an essential 
part of the ““ Communication,” nor will the physical or chemical properties of intermediates 
in syntheses or degradations. 

“Communications *’ will be considered for publication whether or not the author is a 
Fellow of the Chemical Society. They will be subject to refereeing, and, if accepted, to 
editing. Authors are advised to submit, with the manuscript, a statement for the benefit 
of referees setting out briefly the reasons why publication in advance of full presentation 
is requested. 

Authors whose ‘“ Communications "’ are accepted should consider themselves under 
obligation to publish adequate details as soon as possible, or to withdraw the claims made, 
but not necessarily in a publication of the Chemical Society. 

Manuscripts must be marked “ Communication for Proceedings '’ and sent, in duplicate, 
to the Honorary Secretaries, The Chemical Society, Burlington House, Piccadilly, London, 
W.1. They should not normally exceed 600 words in length, t.¢., 3 quarto pages in double 
line spacing, including formula or diagrams, which should be kept to a minimum and may 
delay publication. It is hoped that accepted ‘‘ Communications ” will be published within 
4—8 weeks of receipt. It is unlikely, however, that manuscripts received after December 
18th, 1956, will be included in the first issue. 

Authors should observe the Society's conventions for nomenclature, symbolism, etc., 
outlined in the brochure “ The Presentation of Papers for the Journal of the Chemical 
Society,’’ but references should be given as footnotes (see Proceedings of the Chemical 
Society, July 1955, pp. 79—81.) 


CORDAY-MORGAN MEMORIAL FUND EXECUTIVE. 

The Executive has appointed Dr. M. Lamchen, Senior Lecturer in Chemistry, University 
of Cape Town, Rondebosch, Cape Town, South Africa, as the Corday-Morgan Commonwealth 
Fellow for 1956—1957. Dr. Lamchen is to carry out a year’s research work in the 
laboratories of Sir Alexander Todd at Cambridge. 

The Executive has issued the following Keport for the three years ended December 31st, 
1955 : 

The Executive was appointed in 1951 to administer grants made to it by The Chemical 

@ 
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Society from the Corday~Morgan Memorial Fund, or from other sources. In accordance 
with the purpose of the original bequest, the Executive has used the funds at its disposal 
to inaugurate the Corday-Morgan Commonwealth Fellowship. 

These Fellowships are intended to provide an opportunity for post-doctorate (or 
equivalent) study, and are tenable at any university or research establishment approved 
by the Executive in any part of the Commonwealth outside the home country of the 
Fellow appointed. The Fellowships are at present offered to any one country of the 
Commonwealth nominated each year by the Executive. 

Three appointments have so far been made, as follows : 


1952-—-1953-—-Dr. H. J. Anderson (University of Manitoba, Canada). 
Fellowship held at; The University of Oxford. 
1953-—1954—Dr. A. D, Campbell (University of Otago, New Zealand). 
Fellowship held at; The University of Glasgow. 
1954—-1955—Dr. L. Ek. Smythe (University of Tasmania). 
Fellowship held at; The University of Cambridge. 


The Executive wishes to record its thanks and appreciation for the assistance rendered 
in the countries concerned, where in each case a selection committee was appointed to advise 
the kxecutive concerning the appointments. No Fellowship was awarded for the year 
1955-1956, but it is intended that the next award, for the year 1956—1957, shall be made 
to a graduate of a South African university. 

“ The Executive wishes to record its grateful thanks to the Chairman and Directors 
of Imperial Chemical Industries Ltd. for a donation of £300 to assist in the award 


” 


of Fellowships 


VAN'T HOFF FUND. 
The Committee of the Van’t Hoff Fund for the endowment of investigations in the field 


of pure and applied chemistry invites applications for grants from the fund. 

The amount available for 1957 is about 1600 Dutch guilders, and applications should 
be sent by registered post to Het Bestuur der Koninklijke Nederlandse Academie van 
Wetenscheppen, bestemd voor de Commissie van het ‘ Van't Hoff Fonds,’’ Trippenhuis, 
Kloveniersburgwal 29, Amsterdam, before November Ist, 1956. Applicants must state 
the amount of the grant desired and the purpose for which it is required. 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on Thursday, May 3rd, 1956, at 7.30 p.m. 
The President, Professor E. L. Hirst, M.A., D.Sc., F.R.S., was in the Chair. 


MINUTES. 

The minutes of the Scientific Meetings held at Burlington House on February 16th 
and at the University of Nottingham on March 26th and 28th, 1956, were taken as read, 
and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 
The following were admitted Fellows of the Society; A. C. Riddiford, N. L. Paddock, 
C. J. L. Booker. 


SCIENTIFIC COMMUNICATIONS. 
The following papers were presented : 


“ Transport to the Surface of a Rotating Disc,’ by D. P. Gregory and A. C. Riddiford. 

“On the Photodecomposition of Carbon Dioxide and of Ammonia by Xenon 1470A 
Radiation,” by H. Jucker and Sir Eric Rideal. 

‘ The preparation of active solids by thermal decomposition. Part IX. The calcin 
ation of ferric oxide hydrate and of lepidocrocite,”’ by J. F. Goodman and S. J. Gregg. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honovary Secretaries within ten days of the date of the publication of the Journal for June, 1956. Such 
ybyections will be treated as confidential. The forms of application are available in the Library.) 


Axford, Thomas Ewart, B.Sc. (Madras). British. 25, King Edward Road, Oldfield Park, Bath, 
Somerset. Lecturer in Chemistry at City of Bath Technical College, Signed by: P. A. R. Freeman, 
A. J. H. Hamblin 

Bayer, Zdenek. Czech. Spol. dom, Svit-Tatry, Czechoslovakia Research at the Institute of Artificial 
Fibres, Svit-Tatry Signed by: J Jeline k, M. Bil 

Bohny, Paul Emil, Ph.D. (Basle). Swiss. 134, Wigmore Street, London, W.1. Manager of Sandoz 
Products Ltd, Signed by: L. H. Lampitt, J. Walker 

Bush, Donald James, B.A. (Cantab.). British. 31, St. Charles Square, North Kensington, W.10 
Senior Technician at the Postgraduate Medical School, W.12 Signed by; K. E. Howlett, C, E 
Dalgliesh 

Cockburn, Bruce Lindsey, B.Sc. (Wellington British. 22, Taft Street, Wellington, S.W.1., New 
Zealand Student Signed by: S. N. Slater, W. E. Dasent 

Collette, John Wilfred, .Sc. (Alberta). Canadian. Chemistry Department, University of California, 
Berkeley, California, U.S.A. Teaching Assistant Signed by: A. Streitwieser, W. G. Dauben 

Collett-Jones, Thomas, M.P.S. British. 30, High Street, Burnham, Bucks. Director. Signed by 
H. H. Jones, P. W. C. Barnard 

Conte, John Salvatore, A.13. (La Salle College). American. Leahy and Anderson Avenue, Swedesboro, 
New Jersey, U.S.A. Student at Louisiana State University. Signed by; H. I. Stonehill, O. S 
Pascual 

Corbett, Terence Guy, &.Sc. (Wellington).. British. Weir House, Salamanca Road, Kelburn, Welling- 
ton, W.1., New Zealand. Student. Signed by: 5. N. Slater, W. E. Dasent 

Cowper, Robert Munro, Ph... British. 14, Cowdray Crescent, Kenfrew. Head of Research Laboratory, 
J. and P. Coats Ltd., Paisley. Signed by: R. M. Gailey, J. D. Loudon 

Crew, John Leonard. British. 81, Bolina Road, South Bermondsey, S.E.16. Lubrication Chemist 
Signed by: M. Vahrman, R. F. Greenwood 

Dendy, David Albert Victor, ).Sc. (Liv.), ARI British. 8, Sherburn Close, Barlow's Lane, Faza 
kerley, Liverpool 9. Research Student at Liverpool University Signed by: A. Robertson, D. A. H 
Taylor. 

Di, Maung, 1 Sc. (Rangoon). Burmese. 76, st Cromwell Road, London, 5 W.5. Student at 
Imperial College. Signed by; B. Atkinson M. Gale 

Eberson, Lennart Eugen. Swedish. Kegementsgat 58, Malmé, Sweden. Research Assistant. Signed 
by: E. Larsson, 5S. Sunner 

Harper, David Augustine, Ph... (Liv), PRI British Jaldrand, Bowerham Road, Lancaster 
Managing Director of Storey Brothers and Co. Ltd., White Cross, Lancaster, Signed by; M. A. 1 
Rogers, R. J. W. Reynolds 

Hertler, Walter R., A.B. (Pennsylvania). American. 47, Noyes Laboratory, University of Ilinois 
Urbana, Illinois, U.S.A Student Signed hy Db. Y. Curtin, R. W. White 

James, Frederick Charles, M.Sc. (Melbourne tritish. 66, Laurel Grove, Blackburn South, Victoria, 
Australia Lecturer in Organic Chemistry, Koya! Melbourne Technical College. Signed by: K.H 
Pausacker, l’. F. Nelson 

Lawler, James Joseph, 1S. (U.C.D.), ARI Irish 336, Lordship Lane, East Dulwich, S.F..22 
Lecturer in Chemistry at East Ham Technical College. Signed by: P. L. Wyvill, L. J. Couzens 

Lebel, Norman Albert, A.B. (Bowdoin College). American. 332, Westgate West, Cambridge 39, 
Massachusetts, U.S.A Student at Massachusetts Institute of Technology. Signed by A. ¢ 
Cope, fF. D. Greene 

Matheson, Norman Keith, M.Sc. (Sydney), Ph.D. (Edin British. Chemistry Department, Queen's 
University, Kingston, Ontario, Canada Post-Doctorate Fellow Signed by J. K. N. Jones, 
K. E. Russell 

Nauta, Wybe Thomas. /utch Looiersgracht 27-30, Amsterdam-C, Holland Professor of Organic 
and Medicinal Chemistry, Vrije Universiteit, Amsterdam Signed by: J. Coops, J. P. Wibaut 
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Nield, Eric, Sc. (Birm.). British. Chemistry Department, The University, Edgbaston, Birmingham 
5. Kesearch Student. Signed by: J. C. Tatlow, G. Fuller, 

Oldham, Kenneth Gordon, B.Sc. (Lond.). British. 10, Queen’s Avenue, Finchley, N.3. Student at 
University College, London. Signed by: P. W. C. Barnard, C. A. Bunton, 

Olliff, Raymond Walter, M.Sc. (New Zealand). British. 2, Abbey Street, Auckland, C.2, New Zealand 
Lecturer in Chemistry at Auckland University College. Signed by: F. J. Llewellyn, L. H. Briggs. 

Pope, Gerald Seaton, .5c. (Keading), D.Phil. (Oxon.), A.R.LC. British. 19, Westlands Avenue, 
Shinheld, Keading. Research Chemist. Signed by: H. D. Kay, A. W. Marsden. 

Rediern, John Priestnall, #.S5c. (Lond.), A.R.LC. British. 35, Nimrod Road, London, S.W.16 
Lecturer in Inorganic Chemistry at Battersea Polytechnic. Signed by: J. E. Salmon, J. Genge. 

Rosenberg, Arthur Stanley, 8.5. (Vermont). American. 47, Park Vale Avenue, Allston 34, Massa 
chusetts, U.S.A. Student. Signed by; T. E. C. Knee, C. G. Swait 

Rosenblum, Myron, A.B. (Columbia), A.M. and Ph.D. (Harvard). American. Department of 
Chemistry, Illinois Institute of Technology, Chicago 16, Ulinois, U.S.A. Teacher. Signed by 
it. Filler, M. L. Bender. 

Satchell, Derek Peter Norman, Ph.D. (Lond.). British. 51, Brancaster Road, Purley, Surrey 
Assistant Lecturer in Chemistry at King’s College. Signed by; 1. R. Beattie, N. D, Weston. 
Smolinsky, Gerald, 13.5. (Drexel Inst. of Technology). American. Department of Chemistry, Uni 
versity of California, Berkeley 4, California, U.S.A. Student. Signed by; A. Streitwieser, D. S 

Noye e 

Summers, Lindsay Anderson, Ph.D. (Glas.). British. c/o Richmond, 38, Caledonia Road, Saltcoats, 
Ayrshire, Research Chemist with I.C.1, Ltd,, Nobel Division, Stevenston. Signed by; J. Peters, 
B. W. Pengilly 

Veale, Colin Ronald, Ph.D. (Lond.), A.R.C.S., D.LC., A.R.LC. British. 37, Eastmont Road, Esher, 
Surrey. Research Chemist. Signed by: G. R. Davies, N. E. Topp. 

Wall, Richard Arthur, A.J3. (California), Ph.D, (Edin.). American. 20, Jane Street, Apartment 3B, 
New York 14, New York, U.S.A. Chemist with U.S. Army. Signed by: K. C. B. Wilkie, J. K. N 
Jones 

Ward, Peter George. British. 195, Britannia Road, Ipswich, Suffolk. Medical Research Technician 
with the Human Nutrition Research Unit. Signed by: D. J, G. Ives, W. Wardlaw. 

Weitzman, Peter David Jacob. Jritish. 19, Amesbury Crescent, Hove, Sussex. Undergraduate at 
Oriel College, Oxford Signed by: L. A. K. Staveley, B. R, Brown 

Woods, Mervyn Charles, Sc. (Western Australia). Australian. 89, Mabel Street, North Perth, 
Western Australia. Student at University of Western Australia. Signed by: D., E. White, R. L. 
Heppolette 

Zollinger, Heinrich, 1).Sc. (Zurich). Swiss. 9%, Im Marteli, Binningen, Switzerland. Research Chemist 
with Ciba Ltd., Basle, Signed by: C. K. Ingold, E. D. Hughes. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Ahmad, 8. Shahabuddin, M.Sc. (Patna). Pakistani. Department of Chemistry, Rajshahi University, 
Kajshahi, East Pakistan. Lecturer in Chemistry. Signed by: M. I. D, Chughtai. 

Dun, Alan. [Jiritish. University of New England, Armidale, N.S.W., Australia. Demonstrator 
Signed by N. \ Kiggs 


PAPERS ACCEPTED 
(List of Papers accepted between April 19th and May 17th, 1956, 
for publication in the Journal.) 


“ The polarographic reduction of xanthone and methoxyxanthones.” By W. E. 
WHITMAN and L. A. WILEs. 

“ Studies on the aloins, Part I. The structure of barbaloin.’ 
and L. J. Hayne: 

‘Synthesis in the quinazolone series. Part II]. Synthesis of quino- and quinazo 
quinazolones.”’ By THropora STEPHEN and HENRY STEPHEN. 

“ Syntheses in the quinazolone series. Part III. The formation of quinazo[4 : 3-0)- 
quinazol-8-one and 2-0-aminophenylquinazol-4-one during the preparation of 4-chloro- 
quinazoline.”” By THkopora STEPHEN and HENRY STEPHEN. 

Kinetics and mechanism of hydrochlorination of the surface of rubber latex particles.’’ 
By MANFRED GorDON and THomas CARBARNS. 

Preparation, stability, and complex formation of aryloxyboron compounds.” By 
T. CorcLoucu, W. Gerrarp, and M. F. Lappert. 

 Ion-exchange studies of solutions of borates.”” By D. A. Everest and W. J. Popiec. 


By J. Evetyn Hay 
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‘‘ Molecular polarisability. The C-C, C-O, C=O, C-Cl, C-Br, and C-I link polaris- 
abilities, and the conformations of cyclopentane, of cyclohexyl! chloride, bromide, and iodide, 
of cyclopentanone, cyclohexanone, cyclohexane-1 : 4-dione, camphor, paraldehyde, and 
tetrahydrofuran.” By (Mrs.) C. G.. Le Févre and R. J. W. Le Fiver. 

“ The crystal structure of dimethylketen dimer.” By P. H. FrrepLanper and J. 
MONTEATH ROBERTSON. 

“ Interaction of acetyl peroxide with but-3-enoic acid and crotonic acid. A new 
example of allylic shift of olefinic bond in free radical reactions.”” By K. B. L. Matuur 
and R. S. THAKUR. 

“E.m.f. measurements in acetone—-water mixtures: the cell H,(Pt)|HClAgCl Ag.” 
sy D. Feaxins and C, M. Frencu. 

““ Monomethiodides of some 3-substituted 4: 7-phenanthrolines.”” By W. O. Sykes 

‘ The isomeric eudesmols and their association with carissone in Eucalyptus macarthur.’ 
By F. J. McOuriuiw and J. D. Parracx. 

‘Preparation of 4-substituted 2-dimethylamino-5-nitro- and -5-amino-pyrimidines.” 
By D. G. SAUNDERS. 

‘ The preparation and properties of some plutonium compounds. Part V. Colloidal 
quadrivalent plutonium.”” By D. W. OckeNnDeEN and G. A. WELCH. 

“Raman spectra and constitution of solid hydrates. Hydroxonium perchlorate, 
nitrate, hydrogen sulphate, and sulphate.”” By D. J. Mitten and E. G. VAAL. 

“ Anhydro-compounds from nitrogen-containing derivatives of thioglycollic acid 
Part III. Arylazo-compounds.” By G. F. Durrin and J. D. Kenpatt. 

‘ Polynuclear heteroeyclic systems. Part XI. Absorption spectra of compounds 
containing five-membered rings.” By G. M. Bapocer and B. J. Curistie. 

“ a-1:4-Glucosans. Part IV. A _ re-examination of the molecular structure of 
Floridean starch.”” By I. D. Fiemine, E. L. Hirst, and D. J. MANNERS 

‘“ The absorption of uncharged molecules by ion-exchange resins."’ By D. Retcnen 
BERG and W. F. WALL. 

‘The pyrolysis of chloroalkenes. Part IV. The radical chain decomposition of the 
1 ; 2-dichloroethylenes.”” By (Miss) A. M. Goopa.t and K. E, How.err. 

“Chemistry of the higher fungi. Part VI. Isomerisation reactions of naturally 
occurring allenes.”” By J. D. Bu’Locx, E. R. H. Jones, P. R. Leemine, and J. M 
THOMPSON. 

‘* An observation concerning aluminium complexes of flavonols.’’ By J. A. BALLANTINE 
and W. B. WHALLEY. 

‘‘ Some chlorinated derivatives of phloroglucinol.”” By G. Ltoyp and W. B. WHALLEY 

“ 3-Aroylcoumarones.” By W. B. WHALLEY and (in part) G. LLoyp. 

‘ The degradation of carbohydrates by alkali. Part XII. 6-O0-Methyl and 3: 6- and 
4 : 6-di-O-methyl-p-glucoses.””. By J. Kenner and G. N. RICHARDS. 

“ The alkaline degradation of carbohydrates. Part XIII. 2: 3-Di-O-methylglucose 
and its conversion into 5-hydroxymethylfurfuraldehyde.” By J. Kenner and G, N 
RICHARDS. 

“ cycloHexane-1 : 3-diones. Part I. Hydrolysis of ethyl 2: 4-dioxo-6-styryleyelo- 
hexanecarboxylate.” By G. R. Ames and W. Davey. 

 Benzyloxymalondialdehyde. An intermediate in the oxidation of 2-O-benzyl-p 
arabinose with sodium periodate.” By J.C. P. Scuwarz and (in part) Myra MACDOUGALL., 

‘Structure and reactivity of the oxy-anions of transition metals. Part I. The 
manganese oxy-anions.”” By A. CARRINGTON and M. C, R. Symons. 

‘ Organic complex-forming agents for metals. Part II. Preparation of 5-hydroxy 
and 5: 8-dihydroxy-quinoxalines and related compounds.” By E. S. Lane and ¢ 
WILLIAMS. 

 Buta-1 : 3-diene-2-carboxylic acid.” By E. A. Braupe and FE. A. Evans 

“ Alkenylation with lithium alkenyls. Part XIII. 1-Methylvinyl-lithium (isoprop 
enyl-lithium).” By E. A. Braupg and E. A. Evans 

“ Statistical thermodynamic interpretation of the sorption of water and methanol 
by carbon.” By R. M. BARReER and W. I. Stuart 
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“ Triterpenoids, Part LIII. The constitution and stereochemistry of butyrospermol.” 

by Witttam Lawagze, WiLttiAM Hamitton, F. S. Sprinc, and H. S. Watson. 

Chemical constitution and the dissociation constants of monocarboxylic acids. Part 
XV. Steric effects in substituted nitrobenzoic acids.’ By J. F. J. Dippy, S. R. C. Hucues, 
and J. W. Laxton. . 

Absorption spectra of ketones. Part V. y-Substituted «$-unsaturated ketones.” 
By C. W. Birp, R. C. Cookson, and S. H. DANDEGAONKER. 

The chemistry of the triterpenes and related compounds. Part XXIX. The 
chemistry of butyrospermol.”” By M. C, Dawson, T. G. HALSALL, E. R. H. Jones, G. D. 
Meakins, and P, C, Paicvips, 

The chemistry of fluorene. Part V. The preparation of 9: 9-dialkylfluorenes and 
the dehydrohalogenation of 9-halogenoalkylfluorenes.” By E. J. Greennow and D. 
McNew 

 Purines, pyrimidines, and glyoxalines. Part III]. A new synthesis of 2-thiouracils.” 
By M. R. Atkinson, G. SHAW, K. SCHAFFNER, and R. N. WARRENER 

“ The reaction of 3: 4-dihydro-4-oxobenz-| : 2: 3-triazine with phosphorus penta- 
chloride and phosphorus oxychloride.” By D. BuckLey and M. 5S, Gisson. 

‘ Griseoviridin. Part III. Degradation to 10-aminodecanoic acid and other reactions.”’ 
By D. E. Ames and R. E, Bowman. 

‘ Molecular-weight studies of dextran.’’ By G. C. Bootu and V, GoLp 

“ The condensation products of malononitrile and certain cyclic keto-amines.” 
P. I, Ivrveran and Freperick G. MANN. 

‘ Unsaturated fatty acids. Part II. The synthesis of linolenic acid.”” By S. S. 
NiGAM and B, C, L. WEEpon. 

 Hydrogen-transfer, Part 1X. The selective dehydrogenation of unsaturated alcohols 
by high-potential quinones.” By E. A. Braupe, R. P. Linstrap, and K. R. WooLpRIDGE 

‘A new synthesis of 6; 8-thioctic acid.” By E. A. Braupe, R. P. Linstgap, and 
K. R. H. WooLpRIpGE 

‘The dimerisation of mesityl oxide. A novel type of diene addition.”” By E. A 
Braupe, Bb. FF. Gorron, G. Lowe, and E. S. Walcurt. 

 Quassin and neoquassin. Part IV.” By R. J. S. Brrr, K. R. Hanson, and 
ALEXANDER ROBERTSON. 

 Caleiferol and its relatives. Part II. An alternative synthesis of trans-1-2’ 
cyclohexylidene-ethylidene-2-methylenceyclohexane.”” By B. Lytucor, 5S. Trippett, 
and |. C. WATKINS 

‘ The preparation of (2:4:7:9-44C,)phenanthroline and 2: 2’-(4: 4’ : 6: 6’-4C,\di 
pyridyl.’ By Perer Exvus, R. G. Witkins, and M. J. G. WILLIAMS 

Che interaction of boron trichloride with unsaturated alcohols and ethers.’ By 
W. Gerrarp, M. F. Laprert, and H. B. SILVER. 

‘ Synthesis of cystinol.”” By J. C. CRawHa xt, D. F. Exviort, and K, C, Hooper 

‘ Ferrocene derivatives. Part III. ecycloPentadienyliron carbonyls.” By B. F 
HALLAM and P, L. Pauson 

“ Thermodynamics of hydrocarbon mixtures. Part II. Heats of mixing of the binary 
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H. C. S. Woop 
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W. WILSON 
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and T. Fk. Grey 
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‘ The preparation, via thiuronium salts, of optically active thiols.” By C. L. Arcus 
and P. A. HALLGARTEN. 

‘ Researches on acetylenic compounds. Part LII, The preparation and anomalous 
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“ The constituents of Casimiroa edulis Liave ef Lex. Part Il. The bark.” By 
J. IntartTE, F. A. Kinci, G. ROSENKRANZ, and FRANZ SONDHEIMER. 
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lr. Fiircrort and H. A. SKINNER. 
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ADDITIONS TO THE LIBRARY 


Acridines, by K. M. Acheson, with a chapter 
by L. E. Orgel, (The Chemistry of Hetero- 
cyclic compounds, a series of monographs, 
edited by A. Weissberger. Vol. 9.  Inter- 
science Publishers, Inc. 1956. 

Physics and chemistry of the earth, edited 
by L. H. Ahrens, Kalervo Rankama and S. K. 
Kuncorn, Vol. 1. Pergamon Press, 1966. 
(Presented by the Publishers.) 

Determination of toxic substances in the air 
of industrial premises, by M. V. Alekseyeva, 
B. Ye. Andronov, S. S. Gurvits, and A. S, 
Zhitkova. (In Russian.) 1954. (Presented 
by the U.S.S.R. Academy of Sciences.) 

The properties and microstructure of uran- 
ium dioxide; their dependence upon the mode 
of preparation, by J. S. Anderson, E. A, 
Harper, S. Moorbath, and L, E. J. Roberts. 
(Atomic Energy Kesearch Establishment C/R 
846.) Atomic Energy Kesearch Establish- 
ment 1955 

The applications of latex to textile and 
allied materials, by C, M, Blow. (Natural 
Kubber Latex and its Applications, No, 5.) 
Natural Rubber Development Board. 1956. 
(Presented by the Publishers.) 

The determination of rubidium and ca#sium 
in sodium-—potassium alloys and_ related 
materials by radioactivation, by M, J. Cabell 
and A. Thomas. (Atomic. Energy Research 
Establishment C/K 1725.) Atomic Energy 
Research Establishment. 1955. 

Production of azo-dyes, by M. A. Chekalin 
and F, F, Yeremin. (In Russian.) 1952. 
(Presented by the U.S.S.R. Academy of 
Sciences.) 

Untersuchungen Uber Aceton als Lésungs- 
mittel fir Acetylen Forschungsstelle fir 
Acetylen, Dortmund, (Forschungsberichte 
des Wirtschafts- und Verkehrsministeriums 
Nordrhein-Westfalen, edited by L. Brandt. 
Nr. 14.) Westdeutscher Verlag. 1952. 
(Presented by the Publisher.) 

O ber die Zustandsgleichung des gasf6rmigen 
Acetylens und das gleichgewicht Acetylen- 
Forschungsstelle fir Acetylen, Dort- 
(Porschungsberichte des Wirtschafts 
und Verkehrsministeriums Nordrhein-West- 
falen, edited by L. Brandt. Nr. 78.) West- 
deutscher Verlag, 1954. (Presented by the 
Publisher.) 

Molecular volume and structure, by T. W. 
In manuscript, (Presented by the 
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mund 


Gibling 
Author.) 
Gmelins 
Chemie 
Technologie 


Verlag Chemie, GMBH, 


anorganischen 
Lieferung 1, 
8th edn. 


Handbuch der 
Calcium, Teil B 
System-nummer 28, 
1956. 


Alloys of iron with chromium and man- 
ganese, by A. T. Grigor’ev. (In Russian.) 
1952, (Presented by the U.S.S.R. Academy 
of Sciences.) 

Einfihrung in die Chemie der komplex- 
verbindungen, by A. A. Grinberg. Veb Ver- 
lag Technik. 1955, 

Untersuchungen tiber den Druckverlauf bei 
der explosiblen Zersetzung von gasfOrmigem 
Acetylen, by Hélemann, P. (Forschungs- 
berichte des Wirtschafts- und Verkehrsminis- 
teriums Nordrhein-Westfalen, edited by L. 
Brandt. Nr. 110.) Westdeutscher Verlag. 
1964, (Presented by the Publisher.) 

Untersuchungen tiber die Léslichkeit von 
Azetylen in verschiedenen organischen Lé- 
sungsmitteln, by P. Hélemann and R. Hassel- 
mann, (Forschungsberichte des Wirtschafts- 
und Verkehrsministeriums Nordrhein-West- 
falen, edited by L. Brandt. Nr. 109.) West- 
deutscher Verlag. 1954, (Presented by the 
Publisher.) 

Untersuchungen tiber die thermische Ziin- 
dung von explosiblen Acetylenzersetzungen 
in Kapillaren, by P. Hélemann, R. Hassel- 
mann and G. Dix, (Forschungsberichte des 
Wirtschafts- und Verkehrsministeriums Nord- 
rhein-Westfalen, edited by L. Brandt. Nr, 
102.) Westdeutscher Verlag. 1954, (Pre- 
sented by the Publisher.) 

Applied mass spectrometry. 


Report of a 
conference organized by the Mass Spectro- 
metry Panel of the Institute of Petroleum, 


and held in London, 1953. Institute of 
Petroleum. 1954. 

Luminescence (with particular reference to 
solid inorganic phosphors), A symposium 
held by the Electronics Group of the Institute 
of Physics at Cambridge, 1954. British 
Journal of Applied Physics, 1955, Supple- 
ment No. 4. Institute of Physics, 1955. 

Proceedings of the Internationa] Con- 
ference on the Peaceful Uses of Atomic 
Energy, held in Geneva, 1955, Vol. 7, Nu- 
clear chemistry and effects of irradiation. 
Vol. 9, Reactor technology and chemical 
processing. Vol. 15, Applications of radio 
active isotopes and fission products in research 
and industry. United Nations. 1956. 

Organomagnesium compounds, by S. T. 
Ioffe and A. N. Nesmeyanov. 3 vols, (In 
Russian.) 1950. (Presented by the U.S.S.R. 
Academy of Sciences.) 

Eine Methode zur Bestimmung von Schwe 
feldioxyd und Schwefelwasserstoff in Rauch 
gasen und in der Atmosphadre. Kohlenstoff- 
biologische Forschungsstation e, V, (For- 
schungsberichte des Wirtschafts- und Verk- 


kehrsministeriums Nordrhein-Westfalen, edited 
by L. Brandt. Nr. 33.) Westdeutscher Ver- 
lag. 1953. (Presented by the Publisher.) 

Phase equilibria in solution at high pres- 
sures, by I. R. Krichevskii. (In Russian.) 
1952, (Presented by the U.S.S.R. Academy 
of Sciences.) 

Advances in biological and medical physics, 
edited by J. H. Lawrence and C, A. Tobias. 
Vol. 4. Academic Press Inc. 1956. 

Industrial poisons. Part 1, Organic sub- 
stances. Part 2, Inorganic and elementary 
organic compounds, Edited by N. V. Lazarev. 
(In Russian.) 1954. (Presented by the 
U.S.S.R. Academy of Sciences.) 

Chemistry of herbicides and plant-growth 
promoters, by N. N. Melnikov, Yu. A. 
Baskakov, and K. S. Bokarev. (In Russian.) 
1954. (Presented by the U.S.S.R. Academy 
of Sciences.) 

D.D.T.: properties and use, by N. N. 
Mel'nikov, V. A. Nabokov, and Ye. A. Pokrov- 
skii. (In Russian.) 1954. (Presented by the 
U.S.S.R. Academy of Sciences.) 

Lithium aluminum hydride in organic 
chemistry, by Vuki¢ M. Miéovic and Mihailo 
Lj. Mihailovié, edited by Kosta V. Petkovic. 
(Serbian Academy of Sciences, Monographs, 
Vol. 237. Section for Natural Sciences and 
Mathematics, No. 9.) Serbian Academy of 
Sciences. 1955. 


Alloys of magnesium with aluminium and 


zinc, by V. I. Mikheyeva. (In Russian.) 
1946. (Presented by the U.S.S.R, Academy 
of Sciences.) 

Chemical nature of very strong alloys of 
aluminium with magnesium and zinc, by 
V. I. Mikheyeva. (In Russian.) 1947, 
(Presented by the U.S.S.R. Academy of 
Sciences.) 

Handbook on solubility of salt systems. 
Vol. I, By Ministerstvo Khimicheskoi Pro- 
myshdennosti $.S.S.R. (In Russian.) 1953. 
(Presented by the U.S.S.R. Academy of 
Sciences.) 

Chemistry of steroid hormones, by I. N. 
Nazarov and L. D. Bergel’son, (In Russian.) 
1955. (Presented by the U.S.S.R. Academy 
of Sciences.) 

Chemistry of alkaloids, by A. P. Orekhov. 
(In Russian.) 1955. (Presented by the 
U.S.S.R. Academy of Sciences.) 

De reactie van phenol met formaldehyde. 
Onderzoekingen met behulp van _ papier- 
chromatografie, by H. G. Peer. Uitgeverij 
Excelsior. 1956. (Presented by the Pub- 
lishers.) 

Biographisch-literarisches handwérterbuch 
der exakten naturwissenschaften. Band VIIa. 
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Teil 1: A—E. 2. Lieferung. By J. C. Pog- 
gendorf. Akademie-Verlag. 1956. 

Chemistry of organic medicinals, by N. A. 
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the U.S.S.R. Academy of Sciences.) 
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A. Weissberger. Vol, 9, Chemical applica- 
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edited by W, West, Interscience Publishers, 
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PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


OFFICIAL ANNOUNCEMENTS 


DEATHS. 
The Council regrets to announce the deaths of the following Fellows 


Elected, Died, 
John Broadhouse Herbert Beards (Birmingham) Dec. 4th, 1919 \ug. 1955. 
Gustav Jim Ostling (Helsinki) June 19th, 1924 Apr. 29th, 1955, 
Martha Annie Whiteley (London) (C. 1928/31 Dec. 2nd, 1920 May 24th, 1956. 


CONGRATULATIONS. 
The President has conveyed the congratulations of the Society to the following Fellows 
whose names appeared in the Birthday Honours List for 1956 
C.B.I 
Frank Philip Bowden (Cambridge 
Foster Neville Woodward (Gullane 


ELECTION OF NEW FELLOWS. 
Honorary Fellows 
The following were elected Honorary Fellows of the Society on June 7th, 1956 : 


Robert Sanderson Mulliken (Chicago) 
Robert Burns Woodward (Harvard 


" Fellows 
The following 29 candidates were elected Fellows of the Society on June 7th, 1956: 


Manuel Aroney Margarita Karelsky 
Bal Krishna Avasthi Ronald Walter Lincolne Kimber 
Jehanbux Framroz Bagli Nicholas Kowanko 
Lionel Cyril Francis Blackman Keuben Sydney Leach 
John Warren Blaker Zbigniew Jan Okolski 
John Arthur Broomhead David Charles Priest 
Keginald William Kell Cook Douglas William Kussell 
John Michael Crawford idney Frank Simon 
Richard James William Campbell-Da Lynne Sinclais 

Cremlyn Sambasiva Swaminathan 
Morris Dunkel Nigel Hardy Taylor 
Ronald Hilson Begg Galt Philip Bernard Hague Tinker 
lan Hampson Gibson Edwin F, Uliman 
Patrick Gould Alan George Walton 
George Solomon Hartman Alan John Wilham 


ACKNOWLEDGMENTS. 

The thanks of the Society have been conveyed to the executors of the late Dr. A. F 
Campbell, who bequeathed his set of the Annual Reports to the Society, and to the National 
Oil Refineries, Ltd. (B.P.), Llandarcy, for a gift of publications of the Society. 


LOCAL REPRESENTATIVES. 
The following appointments have been made 


Manchester; Dr. G, D. Meakins in place of Dr. H. B, Henbest 

Nottingham and Leicester: Dr. T. J. King in place of Dr. C. C. Addison. Dr. 
EE, R. A. Peeling (Leicester) to act jointly with the Local Representative for 
Nottingham. 

Oxford: Dr, R. E. Richards in place of Mr. L. A. K. Staveley. 


The President has conveyed the thanks of the Society to the retiring Local Represent- 
atives for their services to the Society. : 


THE HARRISON MEMORIAL PRIZE 

In accordance with the Trust Deed governing the Harrison Memorial Fund, the Selection 
Committee, consisting of the Presidents of the Chemical Society, the Royal Institute of 
Chemistry, the Society of Chemical Industry, and the Pharmaceutical Society, will, after 
December Ist, 1956, consider making an award of the Harrison Memorial Prize. 

The Prize, not exceeding 100 Guineas, will be awarded to the chemist of either sex, 
being a natural-born British subject and not at the time over thirty years of age, who, in 
the opinion of the Selection Committee, shall, during the previous five years, have conducted 
the most meritorious and promising original investigations in chemistry and published the 
results of those investigations in a scientific periodical or periodicals. 

Applications, five copies of which must be submitted, should give the name of the 
applicant (in full), age (birth certificate should accompany the application), degrees 
(with name of University), any other qualifications and experience, titles of published 
papers (with co-authors’ names) including full references to publication, where research 
was carried out, testimonials and references, and any other particulars bearing on the 
application. 

Ihe Selection Committee is prepared to consider applications, nominations, or inform- 
ation as to candidates eligible for the Prize. Any such communication must be received 
by the President, The Chemical Society, Burlington House, Piccadilly, London, W.1, 
not later than Saturday, December Ist, 1956. Candidates must not have attained the age 
of thirty years at this date. 


CORDAY- MORGAN MEDAL AND PRIZE. 

This Award, consisting of a Silver Medal and a monetary Prize of 200 Guineas, is made 
annually to the chemist of either sex and of British Nationality who, in the judgment of the 
Council of the Chemical Society, has published, during the year in question, the most 
meritorious contribution to experimental chemistry, and who has not, at the date of 
publication, attained the age of thirty-six years, 

Copies of the rules governing the Award may be obtained from the General Secretary 
of the Society, Applications or recommendations in respect of the Award for the year 
1955 must be received not later than December 31st, 1956, and applications for the Award 
for 1956 are due before the end of 1957. 


RESEARCH FUND. 

A meeting of the Research Fund Committee will be held in November next. All 
persons who have received grants, and whose accounts have not been declared closed by the 
Council, are informed that reports must be received by the Society not later than November 
Ist, 1956 

Applications for grants, to be made on forms available from the General Secretary, 
must be received on or before November 15th, 1956. Applications from Fellows will receive 
prior consideration, 

Attention is drawn to the fact that the income arising from the donation of the Worship- 
ful Company of Goldsmiths is principally devoted to the encouragement of research in 
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inorganic and metallurgical chemistry and that the income from the Perkin Memorial 
Fund is to be applied to investigations relating to problems connected with the coal-tar 
and allied industries. 


MINUTES OF SCIENTIFIC MEETINGS 


Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on Thursday June 7th, 1956, at 7.30 p.m. 


The President, Professor E. L. Hirst, M.A., D.Se., F.R.S., was in the Chair. 


MINUTES. 
The Minutes of the Scientific Meeting held at Burlington House on Thursday, May 3rd, 
1956, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society: George S$. Hammond, J. C. 
Williams, B. M. Luckett, W. S. Crisp, S. Neelakantan, B. C, Easton, P. J. Richardson, 
ik. J. Sparrow, John Milsted, K. F. Watterson, Peter J. Haines, H. G. Baxter, D. J. B. 
Potter, R. J. Otter, J. W. Ducker, Elizabeth Rhodes, G. M. Saul, G.S, Ingram, R. A. Jones, 
P. M. Woodhams, S. W. Bell, Geoffrey Wilkinson, E. D. Nickels, J. C. Lockhart, D. L. Hill, 
Lidia Vallarino, B. M. Gatehouse. 


CENTENARY LECTURE. 


The President called upon Professor G, T. Seaborg to deliver the Centenary Lecture 
entitled ‘‘ The Present Status of the Transuranium Elements.’’ At the conclusion of 


the Lecture, a vote of thanks to Professor Seaborg, proposed by Professor H. J. Emeléus, 
was carried with acclamation. 


LIST OF APPLICATIONS FOR FELLOWSHIP 
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to be held in the Chemistry Department, The University 


BRISTOL. 
Thursday, October 4th, 1956, at 7.0 p.m 


Lecture, On the Nature of Meat, by Dr. k. H. Callow. Joint Meeting with the 
Royal Institute of Chemistry and the Society of Chemical Industry, to be held 
in the, Chemistry Department, The University. 


Thursday, October 18th, 1956, at 7.0 p.m 


Lecture, Degradation of Cholesterol and the Origin of its Carbon Atoms from Acetate, 
by Dr. G. Popjak. Joint Meeting with the Royal Institute of Chemistry and 
the Society of Chemical Industry, to be held in the Chemistry Department, 
The University. 


I hursday, October 25th, 1956, at 5.15 p.m. 


Lecture, Aromatic Substitution, by Professor M. J. S. Dewar, M.A., D.Phil. Joint 
Meeting with the Student Chemical Society to be held in the Chemistry 


Department, The University. 


CAMBRIDGE 
Monday, October 8th, 1956, at 8.30 p.m. 


Lecture, Amine Oxidation, by Dr. H. B. Henbest, B.Sc., A.R-C.S., ALR.LC. To be 
given in the University Chemical Laboratory, Cambridge 


LDINBURGH 
| hursday, October \8th, 1956, at 7.30 pm. 


Lecture, An Aspect of Natural Product Chemistry, by Professor F. 5S. Spring, D.S« 
Ph.D., F.R.S. Joint Meeting with the Royal Institute of Chemistry and the 
society of Chemical Industry, to be held in The Pharmaceutical Society 
Rooms, York Place, Edinburgh. 


EXETER 
Friday, October 26th, 1956, at 5.0 p.m. 


Lecture, Modern Research on Phase Transformations, by l’rofessor A. R. Ubbelohde, 
M.A., D.Sc., F.R.S. To be given at the Washington Singer Laboratories, 


Prince of Wales Road, Exeter 


Gl 1SGOU 
Iriday, October 26th, 1956, at 3.30 p.m. 


Lecture, Metal Atoms as Aromatic Systems, by Dr. J. Chatt, M.A., F.R.LC. Joint 
Meeting with the Alchemists’ Club and the Andersonian Chemical Society, to be 
held in Room 24, The Royal Technical College, Glasgow, ©.1. 


HULI 
Thursday, October 18ih, 1956, at 6.0 p.m. 


Lecture, The Separation of Volatile Substances by Gas liquid Chromatography, by 
Dr. A. T. James. To be given in the Organic Chemistry Lecture Theatre, The 


University. 


LEEDS 
Thursday, October 25th, 1956, at 6.30 p.m. 


Royal Institute of Chemistry Lecture by Professor W. Bradley, Ph.D., D.Sc., 
F.R.LC, Joint Meeting with the Leeds University Chemical Society to be 
held in the Chemistry Lecture Theatre, The University. (All Fellows are 


invited.) 


MANCHESTER 
hk riday, October 5th, 1956, at 6.30 p.m. 


Lecture, Corrosion Fatigue, by Dr. U. R. Evans, M.A., F.R.S. Joint Meeting with 
the Royal Insitute of Chemistry and the Society of Chemical Industry to be 
held in the Chemistry Lecture Theatre, The University. 


Friday, October 19th, 1956, at 6.30 p.m. 
Official Meeting and Lecture, Recent Studies in the Stereochemistry of Sub-group 
Vis, by Dr. S. C. Abrahams, B.Se., A.R.I.C. To be held at The College of 
Technology. 


Wednesday, October 31st, 1956, at 6.30 p.m. 


Meeting for the Reading of Original Papers » be 
Technology. 


held at The College of 


NEWCASTLE AND DURHAM. 


1 uesday, October 16th, 1956, at 5.15 p.m. 
Lecture, Isotopes in Industry, by Dr. H. Seligman. Joint Meeting with the Durham 
Colleges Chemical Society to be held in the Applebey Lecture Theatre, Science 
Laboratories, The University, Durham 


lriday, October 26th, 1956, at 5.30 p.m. 
sedson Club Lecture, Modern Inorganic Stereochemistry, by Professor RK. 5. Nyholm, 
D.Se., Ph.D., A.R.LC.° To be given in the Chemistry Building, King’s College 
Newcastle upon Tyne. (All Fellows are invited.) 


Monday, October 29th, 1956, at 5.15 p.m. 
Lecture, Nucleotide Structure and Function, by Vrofessor J. Baddiley 
Joint Meeting with the Durham Colleges (hemical Society to be given in the 
Science Laboratories, The University, Durham 


D.Sc., Ph.D 


NORTHERN IRELAND. 
Friday, September 14th, 1956, at 7.15 p.m 


Lecture, Air Pollution, by Dr. A. ©. Monkhouse, | Joint Meeting with 
the Royal Institute of Chemistry and the Society of Chemical Industrs 
to be held at Queen's University, Belfast 


1 uesday, October 9th, 1956, at 7.15 p.m. 


Lecture, Chemistry and the Causeway, by Mr. I. M. Fatterson, M.Sc., A.R I 
Joint Meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry to be held at Queen's University, Belfast 


/ uesday, October 30th, 1956, at 7.45 p.m. 


Lecture, Metal Atoms, in Covalent Compounds, as Aromatic Systems, by Dr. |. ¢ hiatt 
M.A., F.R.LC. Joint Meeting with the Royal Institute of Chemistry and the 
Society of Chemical Industry to be held at Queen's University, Belfast. , 


NOTTINGHAM AND LEICESTER. 


Monday, October 29th, 1956, at 4.30 p.m. 


Lecture, Recent Advances in the Chemistry of Bile Salts, by Professor G. A. D. 
Haslewood, D.Sc., Ph.D., F.R.LC. Joint Meeting with the Chemical Society 
of The University College, Leicester, to be held at University College, Leicester 


OX FORD. 
Monday, October 22nd, 1956, at 8.15 p.m. 


Lecture, Sandwich Complexes, by Professor G. Wilkinson, Ph.D., A.R.C.S. 
Meeting with the Oxford University Alembic Club to be held in the Physical 


Chemistry Laboratory, Oxford. 


Joint 


SHEFFIELD. 
Thursday, October \8th, 1956, at 7.30 p.m. 


lecture, The Chemistry of Vitamin B,,, by Professor A. W. Johnson, Ph.D., 
A.R.LC. Joint Meeting with Shefheld University Chemical Society to be held 
in the Chemistry Lecture Theatre, The University. 


SOUTHAMPTON 


lnriday, October 19th, 1956, at 5.0 pm. 


Lecture, Sterile Hindrance in Analytical Chemistry, by Dr. H. Irving, M.A., F.R.L.C. 
Joint meeting with the University Chemical Society and the Royal Institute 
of Chemistry to be held in the Chemistry Department, The University 


SOUTH WALES. 
Monday, October 15th, 1956, at 5.30 p.m. 


Lecture, Some Recent Studies in Relation to Biosynthesis, by Professor A. J. Birch, 
D.sc., D.Phil. To be given in the Department of Chemistry, University 
College, Cardiff. 


OFFICIAL ANNOUNCEMENTS 
DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 
Elected Died 


James Bruce Miller (Aberdeen) . Apr, 4th, 1889 May 30th, 1956 
Charles Proud (Westcliff-on-Sea . Dee, 2nd, 1909 May 25th, 1956 
George Bernard Shapiro (Brooklyn) Feb. 15th, 1961 t. 23rd, 1955 
Emily Gertrude Turner (Rotherham) Feb. 2ist, 1924 June 14th, 1956 


CONGRATULATIONS. 
The President has conveyed the congratulations of the Society to the following Fellows, 
who completed 50 years of Fellowship on July 5th, 1956 


Arthur John Berry (Cambridge) 

Samuel Shrowder Pickles (Bradford-on-Avon) 
William Macro Seaber (London, E.C.3) 
Robert Hutchison Turnbull (London, N.W.7 


ACKNOWLEDGMENTS 
The thanks of the Society have been conveyed to Mr. R. B. Collins for a gift of the 
Society's publications, 


LOCAL REPRESENTATIVE..SOUTHAMPTON. 


rhe thanks of the Society for his services have been conveyed to Dr. N. B. Chapman 
on his retirement as Local Representative for Southampton; Dr. Ishbel G. M, Campbell 


has been appointed as his successor. 


ELECTION OF NEW FELLOWS. 
The following 39 candidates were elected Fellows of the Society on July Lith, 1956 


». Shahabuddin Ahmad Norman Albert Lebel 
Thomas Ewart Axford Norman Keith Matheson 
Zdenek Bayer Wybe Thomas Nauta 

Paul Emil Bohny Eric Nield 

Donald James Bush Kenneth Gordon Oldham 
Bruce Lindsey Cockburn Kkaymond Walter Ollift 

john Wilfred Collette Gerald Seaton Pope 

Phomas Collett- Jones John Priestnall Redfern 

John Salvatore Conte Arthur Stanley Rosenberg 
rerence Guy Corbett Myron Kosenblum 

Kobert Munro Cowper Derek Peter Norman Satchell 
John Leonard Crew Gerald Smolinsky 

David Albert Victor Dendy Lindsay Anderson Summers 
Maung Ii Colin Ronald Veale 

Alan Dun Richard Arthur Wall 
Lennart Eugen Eberson Peter George Ward 

David Augustine Harper Peter David Jacob Weitzman 
Walter R. Hertler Mervyn Charles Woods 
Frederick Charles James Heinrich Zollinger 

James Joseph Lawler 


TIMES OF SCIENTIFIC MEETINGS IN LONDON 

In the postal ballot of Fellows in the London area and Home Counties, a small majority 
favoured a continuance of the present arrangements. The Council has accordingly decided 
that no change should be made 


AD) 


RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in November next. All persons 
who have received grants, and whose accounts have not been declared closed by the Council, 
are informed that reports must be received by the Society not later than November Ist, 
1956 

Applications for grants, to be made on forms available from the General Secretary, 
must be received on or before November 15th, 1956. Applications from Fellows will 
receive prior consideration, 


THE PROCEEDINGS OF THE INTERNATIONAL CONFERENCE ON CO-ORDINA- 

TION COMPOUNDS. 

[his publication will contain the papers read at the Amsterdam Conference held on 
\pril 28th May 3rd, 1955, under the auspices of the Royal Netherlands Chemical Society, 
together with the discussions (ca, 400 pages in total). The papers, but not the discussion, 
will be found in Ree. Trav. Chim., 15, 557-924, 1956. 

Orders for the proceedings can be placed on payment of f. 15.0 (fifteen Netherlands 
Guilders) to Messrs. N.V. Amsterdamse Bank, Lange Vijverberg 4, The Hague, to the 
account of the Royal Netherlands Chemical Society. 

I hose interested are requested to send their orders at their earliest convenience, as only 
a4 limited number of copies will be printed, Fellows resident in the United Kingdom should 
range to forward payment through their bankers. 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 


held at the University College of North Staffordshire, Keele, Staffordshire, on 
Monday, July 16th, to Thursday, July 19th, 1956. 


Professor H. D. Springall welcomed the Society to Keele 


The President, Professor E. L. Hirst, D.Sc., F.R.S., then took the Chair 


FORMAL ADMISSION OF FELLOWS. 


Che following were admitted Fellows of the Society: D. A. Dowden, I. Steltzer, E. R.S 
Winter, H. Watts, R. Rudham, B. M. W. Trapnell, K. G, Ashurst, John R. Lewis, P. D 
Groves, Fk. Abbey, T. Mottershead, G. M. Burnett, E. J. Blackman, J. 1. Landon, J. P. Jones 
John 1b. Matthews, John M. Thomas, P. White, H. Marsh, Colin Jackson, H. Heaney 
Colin Mortimer, James Grigor, M. R. Harris 


SYMPOSIUM, 


The Chairman then opened the Symposium on Chemisorption and Professor W. E 
(sarner took the Chair for the first session entitled ‘‘ Theory of Chemisorption.” 

During the next three days four further sessions took place: ‘ Chemisorption on 
Insulators ’ under the Chairmanship of Mr. D. A. Dowden, “ Chemisorption on Metals’ 
under the Chairmanship of Professor D. D. Eley, ‘‘ Chemisorption on Carbon " under the 
Chairman ship of Professor W. F. K. Wynne-Jones, and “ Chemisot1 ption on Semiconductors ’ 
inder the Chairmanship of Dr. F. S. Stone. 

\t the conclusion of the meeting, Professor Garner expressed his gratitude to the 
ontributors to the Symposium and to the University authorities for hospitality. 

Professor H. D. Springall replied and, on behalf of the Society, Dr. J. Chatt thanked 
both Professor Garner and Professor Springall for their contributions to the success of 
the meeting 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for August, 1956. Such 
objections will be treated as confidential. The forms of application are available in the Library.) 


Anbar, Michael, M.Sc., and Pk.D. (Jerusalem). Israeli. Weizmann Institute of Science, P.O. Box No 
26, Rehovoth, Israel. Research Chemist. Signed by: M. Halmann, F. S. Klein 

Arotsky, Judah. British. 153, Brocket Way, Chigwell, Essex. Student. Signed by: N, B. Chapman, 
M. C. R. Symons 

Bishop, Derek Charles, 8.Sc. (Lond.) British. 26, Sylvan Avenue, Wood Green, Londen, 
Graduate at London University. Signed by: John E. Salmon, C. L. Arcus 

Blackadder, David Andrew, B.Sc. (Edin.). British. 315, Iffley Road, Oxford. Research Student 
Signed by: BR. E. Richards, C. N. Hinshelwood 

Bumgardner, Carl Lee, B.A.Sc. (Toronto), Ph.D. (M.1.T.). American. c/o Rohm and Haas Co., 
Redstone Arsenal Research Division, Huntsville, Alabama, U.S.A. Research Chemist Signed 
by: A. Fournier, J. S. Stephenson. 

Chiang, Hung-Chen, 8.Sc. (Taiwan). Chinese. c/o Mrs. Teiidesley, 87, Terry Street, St. Peters, 
Sydney, Australia:. Postgraduate Student of Sydney University. Signed by: T. R. Watson, A, V 


N22, 


Robertson, 

Darby, Paul William, 2.Sc., and Ph.D. (Bris.). British. Queen's Elms, University Road, Belfast, 
Northern Ireland. Research Fellow at Queen's University, Belfast. Signed by: D. Brennan, 
E. j. Blackman 

Dummel, Robert Joseph, 3.5. (San Francisco), M.S. (Stanford). American. 2171, Princeton Avenue, 
Palo Alto, California, U.S.A. Graduate Student. Signed by: M. Look, L. J. Durham 

Eisner, Adrienne Gertrud Adele, D.Phil. (Berlin). Austrian. 27, Blenheim Gardens, London, N.W.2 
Signed by: R.S. Cahn, K. Lonsdale 

Eric, Bozidar V., 8.Sc. (Lond.). Serbian. Plot No. 4, Winfield Estate, Borrowash Road, Spondon, 
Derby. Research Chemist. Signed by: W. C. Paterson, A. G, Catchpole 

Evans, Frederick Peter, 3.Sc. and Ph.D. (Wales). British. 81, Stratfield Koad, Basingstoke, Hants 
Scientific Officer at Atomic Weapons Research Establishment, Aldermaston, Signed by: M. W. 
Roberts, L. V. C. Rees 

Faulkner, Robert ‘Davis, B.S. (Florida), M.S. (Purdue). American. c/o Chemistry Department, Florida 
State University, Tallahassee, Florida, U.S.A. Graduate Student, Signed by: J. FE. Lefiler, 
E. Grunwald 

Fitch, George Roy, 13.Sc. (Lond.), A.R.L.C, British. 5A, Waterloo Terrace, Newhampton Road East, 
Wolverhampton. Assistant Lecturer at Wolverhampton Technical College. Signed by: H. Marsh, 
C. Jackson. 

veusiin James Horace William, B.Sc. (Q.U.B.). British. 62, Somerton Road, Belfast, N. Ireland 
Research Chemist. Signed by: C, L. Wilson, R. J. Magee 

Good, William, D.Sc. (Zurich), A.R.LC., A.R.T.G. British, The Royal Technical College, Glasgow, 
C.1. Lecturer. Signed by; F.S. Spring, J. McLean 

Griffiths, Samuel Thomas, B.Sc. (Wales., A.R.I.C. British. The Associated Ethyl Co., Ltd., Engine 
Laboratory, Watling Street, Bletchley, Bucks. Research Chemist. Signed by: RK. O. Gibson, 
D. B. Clapp 

Harper, Brian John Thomas, B.Sc. (Bris.). British. 90, Hampton Park, Ked Land, Bristol, 6 
Research Student. Signed by: D, Davidson, A. K. Battersby 

Harvey, Frank Reid, 8.Sc. (Lond.), A.R.LC. British, Harleyford Manor, Marlow, Bucks. Lecturer 
Signed by: C. B. F. Rice, K. S. W. Sing 

Hatfield, Michael Roland, B.A. (Oxon.). British ‘ Bodiam,"’ Twyford Abbey Road, London, N.W.10 
Brewer. Signed by: J.C. N. Carroll, J. 1. Webb 

Hayward, David Oldham, B.A (Cantab.).. British 30, Bellefield Avenue, West Derby, Liverpool, 12, 
Research Student. Signed by; A. K. Holliday, 8. M. W. Trapnell 

Hickman, John, B.Sc. (Lond.). British. Department of Chemistry, Washiugton Singer Laboratories, 
Perry Road, Exeter, Devon. Research Student. Signed by: 8. J. Gregg, K. Schofield 

Hoppe, Jack Ian, B.Sc. and Ph.D. (Reading). British. 7, Erleigh Road, Reading, Berks, Kesearch 
Student. Signed by: J. E. Prue, E. S. Halberstadt 

Jackson, Ronald Whiteley, M.Sc. (Manc.), Ph.D. (Gris), AR-LC. British, 90, Hayes Chase, West 
Wickham, Kent. Research Chemist. Signed by: W. E. Garner, FP. 5. Stone 

Johns, Stanley Roy, B.Sc. (New England). British. University of New England, Armidale, N.S.W. 
Australia. Student. Signed by: V. R. Stimson, N. V, Riggs 

Johnson, George. British. 11, Lakeside Caravan Site, Thorney Mill Road, West Drayton, Middlesex 
Chief Chemist at Simoniz (Eng.), Ltd., Iver, Bucks. Signedby: F.C. Martin, K. Kowe 

Lawley, Philip Douglas, B.A. (Oxon.), Ph.D. (Nott British, 70, Pineapple Road, Amersham, Bucks 
Research Chemist. Signed by: S. F. D. Orr, E. M. F. Roe 

Layzell, Thomas Richard, British. 8, Bell View, Windsor, Berks. Student. Signed by: M. J. S 
Dewar, W. J. Hickinbottom 
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Leaback, David Herbert, M.Sc. and Ph.D. (Lond.). British. 36, Aberdare House, Sumner Road, 
Veckham, London, $.£.16, Assistant in Biochemistry, Institute of Orthopadia. Signed by 
©) P. Patterson, T. F. Slater 

Leberman, Reuben, B.Sc. (Lond.). British. 9/36, Hopetown Street, London, E.1. Postgraduate 
Student Signed by: A. P. Mathias, S. P. Datta 

Leigh, William Richard Bruce, ..Sc. (Sydney), A.R.A.C.I. British. c/o C. S. K. Chemicals Pty. Ltd., 
1, Mary Street, Khodes, New South Wales, Australia. Factory Manager. Signed by: R. J. W. L« 
Vévre, I. lredale 

Little, Leslie Harry, M.Sc. (Western Australia), A.R.A.C.I. Australian. 16, Pork Street, Cambridg: 
Kesearch Student. Signed by; KR. Parsons, D. A. Dowden. 

Lovett, John Francis. [ritish. 26, Spensley Road, Westoning, Bedford. Plant Protection Chemist 
Signed by Kt. de Kb. Ashworth, J Dp. Jones. 

Lowe, Peter Albert, ).Sc. (Lond.), A.R.LC. British. 194, Kings Road, Ashton-under-Lyne, Lan 
Kesearch Student. Signed by; M. R. Harris, A. Holt 

McGregor, William Robert, 1}.Sc. (Southampton). British. 25, Ruby Koad, Bitterne, Southampton, 
Hants. Research Student, Signed by: N. B. Chapman, G. W. A. Fowles 

McHugh, Dennis Joseph, 8.Sc. (Sydney). Australian, 1625, Pittwater Koad, Mona Vale, Sydney, 
Australia University Teaching Fellow. Signed by: G. W. K. Cavill, S. J. Angyal. 

Mages, Frederick Arthur Pomroy, 1i.5c. and Ph.D. (Lond.), F.K.LC. British. 53, Westwood Koad, 

ilisbury, Wiltshire Physical Chemist. Signed by: S. J. Gregg, R. M. Barrer 

Miller, Montague. Jéritish, Vairholt Lodge, la, Fairholt Road, London, N.16. Pharmacist. Signed 
by; L. G. ¥, Dolley, k. W. Tapley. 

Nelson, Samuel Martin, M.Sc. and Ph.D, (Q.U.B.).. British, Magdalen College, Oxford, Research 
tudent igned by: L, E. Sutton, A. D. Buckingham 

Newland, Julian Harold, }} A. (New York), American. 216, Depot Road, Huntington Station, New 
York, U.S.A. Graduate Assistant, New York University, Signed by: R.T. Morrison, R. N. Boyd 
Is. Arnowich 

Nosworthy, Judith Madeleine, }.A. (Cantab.). British. Physics Department, Medical School, Guys 
Hospital, London, 5.E.1 Kesearch Assistant Signed by: G. A. D. Haslewood, R. J. Bridgwater. 

Olah, George Andrew. Hungarian, Budapest XIV, Hungaria krt. 114, Hungary. Research Director 
vigned by: L. Mester, b. Kovacs 

Owen, Michael Allan. Jritish. 1, Sharp Way, Dartford, Kent. Analytical Chemist. Signed by 
W.A now, A. H. Thorneloe 

Pickup, Kenneth George, i.5c. (Liv.). British. 52, Bridge Road, Liverpool, 18. Research Student 
Signed by \. K. Holliday, 4, M. W. Trapnell., 

Pritchard, John, 1.5. and Ph.D. (Lond.), A.R.C.S., D.LC. British. 7, Ranmore Avenue, Croydon 
Surrey. esearch Chemist, Signed by: F.S. Stone, RK. M. Barrer 

Rosenbaum, Jack. Writish. 2a, Burchell Road, Leyton, E.10, London, Student, Signed by: N. B 
Chapman, I. G, M, Campbell 

Sendstrom, Jen Olof, Fil. br. (Lund,). Swedish. Department of Chemistry, Helgonavagen, Lund, 
Sweden, Lectures Signed by; S. Sunner, E. Larsson 

Sharma, Brahama Datta, M.Sc. (Delhi). Indian. c/o Chemistry Department, University of Southern 
California, Los Angeles 7, California, U.S.A, Student, Signed by: J. A. Berson, W. K. Wilmarth 

Smith, Michael, }} Sc. (Dunelm). British. 14, Links Road, Cullercoats, North Shields, Northumber 
land. Kesearch Student, Signed by; H, Marsh, C, Jackson. 

Stark, Bernard Peter, .A. (Cantab.). British. 36, Lyndewode Road, Cambridge Kesearch Student 
Signed by. A. G, Holmes-Siedle, B. C, Saunders 

Stoward, Peter John. Jritish. Oriel College, Oxford. Undergraduate. Signed by: L. A. K, Staveley, 
Lb. Kh. rown 

Trapp, Orlin Dalton, jun., B.A. (Westmar College). American. Chemistry Department, lowa State 
College, Ames, lowa, U.S.A, Graduate Student, Signed by: J, Tanaka, F. T, Fang. 

Turvey, James Robert, U.S¢. and Ph.D. (Wales), A.R.LA British, “ Bronalit,’’ Penrhosgarnedd 
jangor, (aerns. University Lecturer. Signed by: J. E. McKail, W. R. Angus. 

Urch, David Selway, 13.5c. (Lond.), British. 36, Windermere Road, Muswell Hill, London, N.10 
Student Signed by; M. J. S. Dewar, T, Mole 

von Bertele, Emy Marcelline Elizabeth, 6.Sc. (Lond.). Austrian, 6, Warner Road, Purley, Surrey 
Technical Assistant. Signed by: M. M, Coombs, F. Bowyer 

Wasserman, Edel, \\.A. (Harvard). American, Converse Laboratory, Harvard University, Cambridge 
38, Mass., U.S.A. Student Signed by: R.L. Autrey, H. Richey 

Williamson, Elizabeth Jessie, ..Sc. (New England). British, 13, Tilehurst Road, Keading, Berk 
Research Chemist. Signed by; J. A. Radley, M, L. McGlashan 

Yadava, Brijnandan Prasad, M.Sc. and Ph.D. (Lucknow). Indian, Department of Physical Chemistry, 
bree School Lane, Cambridge, Research Student. Signed by; E. A. Moelwyn-Hughes, J. N. Agar 


APPERTAINING TO FELLOWS RESIDENT ABROAD. 


Ashraf, Muhammed, MSc. (Punjab) Pakistani. Government College Kobat, West Pakistan 
Lecturet iened i M.I. D. Chughtai 
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Blumenfeld, Solly, Dip!.Pharm. (SouthAfrica). South African. c/o Barclays Bank (West End Foreign 
Branch), 1, Pall Mali East, London, $.W.1. Pharmacist. Signed by: J. L. Ratner. 

Dailey, Benjamin Peter, M.A. and Ph.D. (Univ. of Texas). American, O.N.R. 429, Oxford Street, 
London, W.1. Scientific Liasion Officer. Signed by: E. R. S. Winter 

Gordon, Harry Michael, Dip!.Pharm. (South Africa), M.P.S. South African. c/o Barclays Bank (D.C.O ), 
1, Cockspur Street, London, $.W.1. Pharmaceutical Chemist. Signed by: J. L. Ratner, 

Gorin, George, A... (Brooklyn Coll.), M.A. and Ph.D. (Princeton Univ.). American. Department of 
Chemistry, Oklahoma A and M College, Stillwater, Oklahoma, U.S.A. Assistant Professor. Signed 
by: O. C. Dermer. 

Hino, Tohru, B.Pharm. (Univ. of Tokyo). c/o Department of Chemistry, University of Washington, 
Seattle 5, Washington, U.S.A. Research Assistant. Signed by: H. J. Dauben, jun. 

Hojo, Nobumasa. Japanese. C/o Textile Dept., Shinshu University, Ueda, Japan. Assistant 
Professor. Signed by; O. Simamura. 

Markowitz, Samuel §., B.S. (Rensslaer Poly. Inst.), M.A. and Vh.D. (Princeton Univ.). American 
Department of Chemistry, Brookhaven National Library, Upton, Long Island, New York, U.S.A 
Postgraduate. Signed by; N. Sutin. 

Tewari, Swarup Narain, M.Sc. and D.Phil. (Allahabad), A.R.1.¢ Indian. “ Hill House.”’ 84, Civi! 
Lines, Agra, India. Assistant to Chemical Examiner and Government Analyst. Signed by 
M. C. Thoung.. 

Willson, Clyde DeClifford, A.B. (Univ. of Calif.). American. 2223a, Roosevelt Avenue, Berkeley 3, 
California, U.S.A. Student. Signed by: E. J. Behrman 

Yan, John Si Chiu, B.Sc. (McKinley-Roosevelt Univ.) Chinese. 83, Tai Nam Street, 3rd Floor, 
Monkok, Kowloon, Hong Kong. Senior Science Master. Signed by: J. M. M. Che, 

Zerner, Ernst, Ph). (Univ. of Vienna), American, c/o Argus Chemical Corporation, 633, Court 
Street, Brooklyn 31, New York, U.S.A. Consulting Chemist. Signed by: C, G, Overberger. 


* Reduced subscription 


PAPERS ACCEPTED 


(List of Papers accepted between June 22nd and August 3rd, 1956, 
for publication in the Journal.) 


‘ Application of the Bruckner method to the synthesis of phenanthridine derivatives.’ 
By T. R. GOvVINDACHARI, K. NAGARAJAN, B. R. Par, and N. ARUMUGAM. 
“The preparation and manipulation of molybdenum hexafluoride.’ By T. A. 
O'DONNELL. 
“ The surface chemistry of germanium. Part I. Chemical effects at pn-junctions 
By J. I. Carasso and I. STELZER, 
‘ Barringtogenol and barringtogenic acid, two new triterpenoid sapogenins. Part I.’ 
y KK. ANANTARAMAN and K. S. MADHAVEN PILLAI 
‘Studies in aromatic nucleophilic replacement. Part VI. Some efiects of alky! 
groups.’ By C, W. L. Bevan, T. O, Fayica, and J. Hixst. 
“ The effects of substituents on the rates of hydrolysis of some organophosphoru 
compounds, Part 1, Rates in alkaline solution.”’ By D. F. Hearn. 
“ The effects of substituents on the rates of hydrolysis of some organophosphoru 
compounds, Part Il. Rates in neutral solution By D. F. Hearn 
Effect of added hydroxy-compounds on the association of benzoic acid 
WINIFRED G, WRIGHT. 
‘The dissociation pressure of cadmium oxide By I. G. F. Gupert and J. A. 
KITCHENER. 
rhe free energy of formation of zinc aluminate ‘, Gitwert and J. A 
KITCHENER 
Ihe free energy of formation of zine ferrite G. F. Giperr and J. A 
KITCHENER. 
The strengths of arylmethanols as secondary bases By V. GoLp 
‘ Steric effects in electronic spectra.’ By J. N. Mure. 
Magnetic properties of some metal carboxylates By R. C. Herron and RK. C, Pink 
 Curare and related topics. Part II. The structure and anomalous optical rotation 
of tsochondrodendrine."" By Joun A. D. Jerrreys 


” 
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A theoretical investigation of the chemical reactivity of benziminazole.”’” By R. D. 
nown and M. L. HEFFERNAN. 

“ experiments on the synthesis of 3 : 4- and 5 : 6-benzophenanthridines.’’ By B. MILLs 
and K. SCHOFIELD 

“ Experiments with 1: 2:3: 4-tetrahydro-3-methylquinazoline and related com 
pounds.”’ By A. R, Osporn and K. ScHorrEeLp. 

“The gum component of olibanum.”” By H. E_-Kuapem and M. M. MEGAHED 

“ Antituberculosis agents. Part I]. Dehydrobromination products and related bases 
derived from bis-2 ; 3-dibromopropyl sulphide.” By D. Epwarps and J. B. STENLAKE 

‘Phthalazines. Part I. Ke-investigation of the preparation of phthalazines by cyclo- 
dehydration of acylhydrazones.”’ By H. J. Roppa and P. E. Rocascu 

‘Molecular polarisation in ternary systems comprising benzene, pyridine, and an 
alcohol.’ By D. CLeverpon, G. B. Coiiins, and J. W. Smiru 

‘ Solutions in sulphuric acid. Part XX. Cryoscopic measurements on some aromatic 

ulphides, sulphoxides, and sulphones.”’ By R. J. Gittespre and R. C. PAssERINI. 
 Polyazanaphthalenes, Part 1V. Further derivatives of 1:3: 5- and 1:3: 8-tn 
azanaphthalene.”” By V. Oakes and H. N, Rypon. 

‘Intramolecular acylation, Part I. Ring closure of some @-(7-alkyl-l-naphthy]) 
propionic acids,”” By A. J. M. Wennam and J. S. WHITenuRST. 

The Beckmann rearrangement of cyclopentanone oxime.”’ By (Mrs.) T. STEPHEN and 
HENRY STEPHEN. 

rhe preparation of aliphatic aldehydes and ketones from lithium alkyls and dimethyl] 
amides.’” By E. A, EVANs 

some degradation products of fumagillin.’’ By Justus K. Lanpguist. 

Vibrational frequency correlations in heterocyclic molecules. Part IL. Infrared 
pectra and structure of oxindole and related compounds.” By A. E. Kev, D. G 
O'SULLIVAN, and P. W. SADLER. 

 Four-, five-, and six-covalent palladium(11) complexes with a ditertiary arsine.’’ By 
C. M. Harris and R. S. NyHoim. 

‘ Researches on polyenes. Part IV. The w-p-methoxyphenylpolyene aldehydes and 
their absorption spectra.”” By D. MARSHALL and M. C. WHITING 

“ The viscosity and intermolecular potential of silicon tetrafluoride.”” By C. P. ELLs 
and C, J, G, Raw. 

‘ Studies in the synthesis of cortisone. Part XIII. The epimeric 36 : 7-dihydroxy 
ergost-22-en-Ll-ones.”” By J. ELks and G. H. PHicvrpps. 

Studies in the synthesis of cortisone. Part XIV. Acetylhydrazones and azines of 
steroidal ketones.”’ By J. ELks and G. H. Pariipps. 

‘Studies in the synthesis of cortisone. Part XV. Improvements in the conversion 
of hecogenin into 36 : 126-diacetoxy-5a : 25D-spirostan-ll-one and a study of the isomeric 
11: 12-ketols.” By J. Erxs, G. H. Pariirprs, T. WALKER, and L. J. WyMAn. 

‘Studies in the synthesis of cortisone. Part XVI. A new method of preparing 
L1-oxotigogenin."’ By J. H. Cuapman, J. Evxs, G. H. Puiciipes, and L. J. WyMAN 

‘Studies in the synthesis of cortisone. Part XVII. The bromination of cholestan 
3-one.”’ By C, W. P. Crowne, R. M. Evans, G. F. H. Green, and A. G. Lona. 

‘Studies in the synthesis of cortisone. Part XVIII. The preparation of cortisone 
esters from 4: 5a-dihydroxycortisone.”” By R. M. Evans, J. C. Hamer, J. 5. Hunt, 
P.G, Jones, A. G. Lone, J. F. OQucuron, L. Srepuenson, T. WALKER, and B. M. WILSON 

‘ The thermal degradation of polymethacrylonitrile. Part I. Separation of coloration 
and depolymerization reactions.” By N. Grasse and I. C. MCNEILL. 

‘' The preparation of some dimeric sec.-aminoboron dihalides.”” By O. C. MusGRAvE 

Studies in eyelohexane stereochemistry. Part IV. Some secondary tertiary |: 2 
diols.”’ By P. R. Jerrertes and B, MILLican. 

Studies in cyclohexane stereochemistry. Part V. Infrared spectra and conformations 
of stereoisomeric | : 2-diols."" By A. R. H. Core and P. R. JeErreries. 

 Acylation and allied reactions catalysed by strong acids. Part XV. Some reactions 
of simple alkyl perchlorates." By H. Burton, D. A. Munpay, and P. F. G. PRatLy 
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‘Organic sulphur compounds, Part I. The structure of anthra-9: 10-quinone-1 
sulphenic acid, its derivatives, and analogues."’ By J. A. Baritrror and K. J. MorGAN 

‘ The constitution of a xylan from Norway spruce (Picea excelsa).’ By G,. O, ASPINALI 
and (Miss) Mary E. Carrer. 

The ultraviolet-light absorption of 3-O-methylglycerosazone."’ By J.C. P. ScHWAR: 
ind (in part) MAUREEN FINNEGAN. 

“ Picrotoxin and tutin. Part VIII."" By R. B. Jouns, S. N. Starter, and R. J. Woops 
(with, in part, D. Brascu and Roy Gee). 

‘A kinetic study of the alkaline hydrolysis of some aliphatic esters."’ By J. D. R 
THomAs and H. B. Watson. 

‘‘ Experiments on the synthesis of the pyrethrins. Part XI. Synthesis of eis-pyrethrol 
one and pyrethrin-I: introduction of the cis-penta-2 : 4-dienyl system by selective hydro 
genation.”’ By L. Cromsre, S. H. Harper, and F. C. NewMan. 

“Synthetic and oxidative studies in the polyhydroxydiphenyl series. Part II 
5 : 6-Dichloro-2 : 3-dihydroxydiphenyl."" By J. Matcotm Bruce and F, K. Surc.irre, 

‘Synthetic and oxidative studies in the polyhydroxydiphenyl series. Part III 
2: 3-Dihydroxy-5 :; 6-dimethyldiphenyl.”” By J. MALco_tmM Bruce and F, K. SuTcLirrt 

“ The chemistry of extractives from hardwoods. Part XXVII. The structure of 
terminolic acid.” By F. E. Kine and T, J. Kine 

‘Aconitum and Delphinium alkaloids. Part II]. Some rearrangements in the 
delpheline and lycoctonine series. A monobasic dicarboxylic acid."’ By R. C. CooKson 
and M. E. TRevetrt. 

‘“ The kinetics of hydrogen isotope exchange reactions. Part VI, The reactivity of 
anisole in aqueous and non-aqueous acidic media.’ By D, P. N. SATCHELL. 

‘Triad prototropic systems. Part IV. The effect of substituents on the mobility of 
the azomethinecarboxylic acids derived from ketones."’ By F. G. Bappar and Savep 
A. M. SHERIP. 

‘An approach to the synthesis of veratramine. Some derivatives of 2. 3-dihydroxy 
naphthalene.”” By F. H. Hower and D. A. H. TAytor. 

Che decomposition of arylazotriarylmethanes."’ By G. L. Davies, D. H. Hey, and 
GARETH H. WILLIAMS. 

“ Raman spectrum of the tetrachlorogallate ion (GaCl,~) in aqueous solution.”” By 
L.. A. Woopwarp and A, A. Norp. 

‘ Raman spectrum and constitution of fused gallium dichloride.” By L. A. Woopwarp, 
G. GARTON, and H, L. Roperts. 

‘The constitution of a wheat-straw hemicellulose.’ By G, O. AspiInaLt and Er 
G. MEEK. 

‘ Organic complex-forming agents for metals. Part II1. Compounds containing the 
»-hydroxyphenylphosphine oxide group."” By J. Kennepy, E. 5. LAng,and J. L. WILLANs, 

‘ The erystal and molecular structure of thianthren."’ By H. Lynton and (in part) 
E. G. Cox. 

' The simple fluorides of iridium, including the new trifluoride By P. L. Ropinson 
and G. |]. WESTLAND. 

Reduction of amides by lithium borohydrick By M. Davis 

‘ The chemistry of extractives from hardwoods. Part XXVIII. The occurrence of 
3:5:3 > 4'-tetrahydroxy- and 3:4:5: 3’: 5'-pentahydroxy-stilbene in Vouacapoua 
species.”’ By F. E. Kine, T. J. Kine, D. H. Gopson, and L. C. MANNING 

Vapour-liquid equilibrium data for the benzene fluorobenzene system.” By R. k 
Banks and W. K. R. MUSGRAVE 

Nuclear resonance spectra and the structures of the mono- and the di-hydrate of 
boron trifluoride.” By P. T. Forp and R. E. Ricnarps 

‘ The thermal decomposition of cyclopentyl bromide.’’ By 5. J. W. Price, R. Sitaw, 
and A, F, TROTMAN-DICKENSON. 

Flavogallol."" By J. GrimsHaw and R. D. HawortH 
[he constitution of conessine. Part IX. Further studies with steroidal amine 
related to conessine."’ By R. D. Hawortu, L. H. C. Lunrs, and J. MCKENNA 
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' Aromatic substitution. Part II. Nitration of aromatic compounds with nitronium 
tetrafluoroborate and other stable nitronium salts.” By G. OLAn, S. Kun, and A. MLInko. 

‘A new synthesis of 3-hydroxy-1 : 2-benzofluorene.”” By Nett CAMPBELL and 
i NGELBERT CIGANEK, 

Structure and stereochemistry of tazettine.”’ By T. Ikepa, W. 1. Tayior, Y. Tsuba, 
S. Uvyeo, and H. Yajma. 

‘ Wessely-Moser rearrangement of chromonols and flavonols."’ By (Miss) D. M. 
DonnELLY, (Mrs.) E. M. Paicein, and T. S. WHEELER. 

Oxidation by nitrous and nitric acid. Part IV. Spectroscopic investigation of the 
equilibrium between NO* and nitrous acid in aqueous perchloric acid.” By K. SINGER 
and (Miss) P. A. VAMPLEw. 

‘ A new synthesis of 2: 3: 5: 6-substituted 4-pyrimidones."" By BENJAMIN STASKUN 
and HENRY STEPHEN. 

The chemistry of gum labdanum. Part I. Some acidic constituents.” By J. D 
Cocker, T. G. HALSALL, and (in part) A. Bowers. 

The chemistry of gum labdanum. Part II. The structure of labdanolic acid.” | 
J. D. Cocker and T. G. HALSALL. 

The formation of nitrosochlorides and nitrosates."” By N. THORNE. 

‘ Diclectric polarisation studies of the formation of hydrogen-bond complexes by 
alcohols.” By (the late) A. H. Boup and J. W. Smrrua. 

‘Steroids. Part XI. The 3: 5-eyclosteroid rearrangement of dehydroergostery! 
toluenc-p-sulphonate."" By W. R. Nes and C. W. Snopprt 

The halogenation of phenolic ethers and anilides. Part XVIII. A kinetic method 
for the determination of the ortho : para ratios in aromatic ethers.’’ By BryYNMOR JONES 
and Er_een N, RICHARDSON, 

‘ Thermal cyclization of o-aroyloxyacetoarones. Part III. Synthesis in the chromone 

cries,’ By T. M. O’Toorire and T. S. WHEELER. 

Fission of esters of carboxylic acids by boron trichloride.” By W. Grerrarp and 
M. A. WHEELANS 

Derivatives of thionaphthen. Part II. Thionaphthen derivatives formed by 
cyclisation of acetonyl aryl sulphides and aryl phenacy! sulphides.” By J. FE. BANFIELD, 
W. Davies, N. W. Gamete, and S. MIDDLETON. 

[he preparation and characterising constants of the phenylboron chlorides.”’ 
k. W. Aner, S. H. DANDEGAONKER, W. GERRARD, and M. F. LApperr. 

( | )-6-Aminobutyric acid; the correlation of configuration with that of «amino 
acids.’” By K. Batenovié, N. BreGcant, and D. CERAR 

[hiadiazoles, Part IV. The oxidation of N-(aroylamidino)thioureas.” by 
Fre DeERICK KURZER 

lwo hypothetical metabolites of paludrine.’’ By R. M. Acnrson and N. F. Tayior. 

letronic acids and related compounds. Part Il. The synthesis of (-+-)-carolini 
acid By L. J. Haynes, J. R. PLimmer, and (in part) A. H. STANNERS. 

‘Lactones. Part IV. A new preparation of 7-ethoxy-6-methoxyphthalide.”” By 
W. kK. LoGan and G. T, NEwBoLp 

»ome experiments with cyclopentanones.”’ By R. M. ACHESON 

20£-Hydroxycholesterol.’’ By VLapmmir Petrow and (Mrs.) lsopeL A. STUART 
Wren 

Lisquaternary ammonium salts. Part [I]. Salts of 4 
sulphonic acid.” By W. G. Lerps and R. SLACK. 

Syntheses in the quinazolone series. Part IV. The conversion of N-aroylorthanil 
amides into 2-arylquinazol-4-ones.”” By Henry STEPHEN and (the late) GEorGE Wana! 

Che partial hydrolysis of dialkyl esters of 4-hydroxyisophthalic acid."" By J. M Z 
GLApycH and E, P. TAYLOR 

‘The synthesis of 1 ; 2: 7 : 8-tetrahydro-3-methoxy- and | : 2: 7 : 8-tetrahydro-3 ; 10- 
dimethoxy-chrysene.”” By J. F. Cottins and HercHEL SMITH. 

Attempts at the Meyer-Schuster rearrangement on 2-ethynyl-2-hydroxycyclohexa 
non ty (Miss) M. E. McEnrter, A. R. Pinper, Hercner Suitn, and R. E. THORNTON 


, 
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‘‘ Tonophoresis of carbohydrates. Part 1V. Separations of carbohydrates on fibreglass 
sheets.” By E. J. Bourne, A. B. Foster, and P. M. Granr. 

“ Studies of sultones.’’ By (Mrs.) E. M. Putiein, E. R. Stuart, R. F. Trmoney, and 
T. S. WHEELER. 

“ Curvularin. Part I. Isolation and partial characterisation of a metabolic product 
from a new species of Curvularia.”” By O. C. MusGRave, 

‘‘ Wesseley-Moser rearrangement with xanthones.”” By (Mrs.) E. M. Parisi, J. 
Swiesk!, and T. S. WHEELER. 

“ Bisdiguanides having antibacterial activity."" By F. L. Rose and G. Swat. 

“ Further experiments on the epoxidation of steroids.” By O. K. Seweit, J. H 
TURNBULL, and W. WILSON. 

“The preparation and characterisation of o-bromophenylmagnesium bromide.’ By 
Harry HEANEY, FREDERICK G. MANN, and IAN T. MILLAR. 

‘ The sulphates and selenate of polonium.” By K. W. BAGNALL and J, H. Freeman 

“ The reaction of ammonium acetate with 6-hydroxy-a«-dimethylpropaldehyde.”’ By 
J. F. CAVALLA. 

‘“ Compounds derived from cholestenone.”” By G. D. Meakins and O. R. Ronie. 

“ Structural chemistry of the alkoxides. Part VIII. Isomeric butoxides and pentyl 
oxides of niobium.”’ By D. C. BrapLey, B. N. CHAKRAVARTI, and W. WARDLAW. 

“ Tetronic acids and related compounds. Part IlI. The Claisen ester condensation 
of ethyl 2’-tetrahydropyranyloxyacetate."’ By L. J. Haynes and J. R. PLimmer, 

“ Acyl tsothiocyanates. Part I. The synthesis of esters ef N-acyldithiocarbamic 
acids.”’ By D. T. Ex_morg, J. R. OGie, and (in part) (Mrs.) W. FLercuer and P. A. 
TOSELAND. 

“ The lability of 1: 4: 6-triazanaphthalene.”” By Aprien ALBERT and CHRISTIAN 
PEDERSEN. ; 

Friedel-Crafts acylation and alkylation. A comparison of inter- and intra-molecular 
processes.”’ By G. BAppELEY and R. WILLIAMSON, 

‘ Amino-sugars and related compounds. Part I. Observations on the deamination 
of p-glucosamine hydrochloride.” By B. C. Bera, A. B. Foster, and M. Stacey. 

“ Pteridine studies. Part X. Pteridines with more than one hydroxy- or amino- 
group.’ By Aprien ALBert, J. H. Lister, and CurIstiAN PEDERSEN. 

“The position of the tertiary hydroxyl group in agapanthagenin.” By G. E. A. 
MATHEW and (Mrs.) T. STEPHEN. 

“ The synthesis of «- and $-phenyladipic acids." By K. BurLer and G. P. Exsis, 

‘Synthesis of ‘ 6-succinoaminopurine ’ [6-(1 ; 2-dicarboxyethylamino)purine|.”” By 
J. Bappitey, J. G. BucHanan, F. J. HAwker, and J. E. StepHenson. 

‘“ Cytidine diphosphate ribitol from Lactobacillus arabinosus,” By J. Bapwi.ey, 
J. G. BUCHANAN, B. Carss, and A. P. Matutas 

‘2-Acyl derivatives of cyclic 1 :3-diones. Part IV Ihe structure of dehydro 
leptospermone.”’ By W. R. Cuan and C. H. Hassati 

Researches on acetylenic compounds. Part LIV. The preparation and synthetical 
applications of ethynylmagnesium bromide.” By E. R. H. Jones, L. SkarresBé., and 
M. C. WHITING 
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ADDITIONS TO THE LIBRARY 


Proceedings of the American Society for 
Testing Materials, 1955, Vol. 55. American 
Society for Testing Materials, 1956 

Quelques aspects généraux de la science des 
macromolécules; a symposium held by the 
Centre National de la Recherche Scientifique, 
1054. Centre National de la 
Kecherche Scientifique, 1955 

La chimie de hautes temperatures; a 
symposium held by the Centre National de la 
Recherche Scientifique, at Paris, 1954. Centre 
National de la Kecherche Scientifique, 1955 


at Strasbourg, 


The proceedings of the conference on oxid 


ation held in Amsterdam, 1954. 
(Chemical Ingineering Science, 1954, Vol. 3, 
Pergamon Press Ltd 


proc CSSC8 
»pecial upplement ) 
1054 

Vhysiologische Chemie: ein Lehr- und 
Handbuch fir Arzte, Biologen und Chemiker, 
edited by Lj. Flaschentrager and E. Lehnartz 
Vol. 2, Der Stoffwechsel, Part 2a. Springer 
1056 

| a 1¢ 
Moment 
hy P 


Kecherche 


onance paramagnetique nucleaire 
dipolaires et quadripolaires, edited 
Centre National de la 
scientilique 1955 

Proceedings of the International Con 
ference on the Peaceful Uses of Atomic Energy, 
held in Geneva, 1955. Vol, 12. Radioactive 
and ionizing radiations in agricul 
biochemistry. United 


(rivet 


isotope 
iology, and 
1056 
Proceeding of the 
Biochemistry, 
Academic 


ture, phy 
Nation 
Third International 
Brussels, 1955, 
Press In 


Congress of 
edited by ¢ 
1056 

Liquid metals handbook, Sodium (Nak) 
suppl, edited by C. B. Jackson. 3rd edn 
U.S. Atomic Energy Commission. 1955 


| iébecg 


Notes on some members of the Hanckwitz 
family in England. (Amnals of Science, 1955 
Vol. 11, No. 1.) By R. E. W. Maddison 
Taylor and Francis, Ltd. 1955. (Presented 
by the Author.) 

Analytical standards for M & B 
laboratory chemicals and _ reagents, 
5th edn. May & Baker Ltd. 1956 
sented by the Publishers.) 

Methods of biochemical analysis, 
by David Glick Vol. 3 Interscience 
Publishers In¢ 1956 

Organic analysis; edited by J. Mitchell 
jun., I. M. Kolthoff, E. S. Proskauer, and A 
Weissberger. Vol. 2. Interscience Publishers 
Inc. 1954 

Modern chemical 
describing 
the Editors 


brand 
1956 
(Pre 


edited 


processes a series of 
chemical manufacturing 
of Industrial and 


Vol. 4. Reinhold 


articles 
plants, by 
Engineering Chemistry 
Publ, Corp. 1956 
Advances in enzymology and related sub 
jects of biochemistry, edited by F. F. Nord 
Vol. 17. Interscience Publishers, In« 1956 
An introduction to crystallography, by 
F, C. Phillips. 2nd edn, Longmans Green 
and Co, 1956. (Presented by the Publishers.) 
Irradiation colours and luminescence; a 
contribution to mineral physics, by Kk 
Przibram, Translated and revised by J. F 
Caflyn Ist English Edn. .Pergamon Press, 
Ltd. 1956. (Presented by tthe Publishers.) 
Les colles by A Rivat- 
(Presented by the 


industrielles, 


Lahousse. Dunod. 1956 
Publishers. ) 

Some aspects of the crystallization of high 
polymers, by G. Schuur Rubber-Stichting, 


Delft 1955 


LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY 


Aberdeen. 


Australia 


Birmingham. 
Bristol 
Cambridge. 
Canada 
Ceylon 
Edinburgh 
Exeter 
Glasgou 


Hull 
India 


Trish Republic. 


Leeds. 


Liverpool. 


Manchester. 


Newcastle and 


Durham. 


New Zealand. 


Northern Ireland, 


North Wales. 


Nottingham and 


Leicester 


Oxford. 
Pakistan. 


St. Andrews and 


Dundee. 
Sheffield. 


South Africa. 
Southampton. 


South Wales. 


R. H. Thomson, Ph.D., F.R.1L.C., Chemistry Department, The University, Old 
Aberdeen. 

Kk. H. Pausacker, M.Sc., D.Phil, Chemistry Department, University of 
Melbourne, Carlton, N. 3, Victoria, Australia 

Professor A. E. Alexander, M.A., Ph.D., Chemistry Department, N.S.W. 
University of Technology, Sydney, N.S.W., Australia. 

J. C, Tatlow, B.Sc., Ph.D., Department of Chemistry, The University, 
Edgbaston, Birmingham, 15 

P. Woodward, B.Se., Ph.D., Chemistry Department, The University, 
Woodland Road, Bristol. 

R, N. Haszeldine, M.A., D.Sc., University Chemical Laboratory, Pembroke 
Street, Cambridge. 

Professor J. K. N. Jones, M.Se., Ph.D., 
Kingston, Ontario. 
M. U. S. Sultanbawa, B.Se., Ph.D, 
The University, Colombo, Ceylon 
G. O. Aspinall, B.Sc,, Ph.D., Chemistry Department, King’s Buildings, West 
Mains Road, Edinburgh. 

K,. Schofield, B.Sc., Ph.D., F_R.I.C., 
University, Exeter. 

D. S. Payne, B.Sc., Ph.D., A.R.1.C. Chemistry Department, The University, 
Glasgow, W.2. 

G. W. Gray, B.Sc., Ph.D., Chemistry Department, The University, Hull. 

Professor T, R. Seshadri, M.A., Ph.D., F.R.I.C., Department of Chemistry, 
The University, Delhi, India. 

D. O Tuama, M.Sc., Ph.D., F.1.C.1., Medical Research Council of Ireland, 
The Laboratories, Trinity College, Dublin 

E. Rothstein, Ph.D., D.Se., A.R.C.S., Organic Chemistry Department, The 
University, Leeds, 2. 

A. K. Holliday, B.Se., Ph.D., Department of Physical and Inorganic Chem- 
istry, The University, Liverpool 

D. W. Broad, Ph.D., A.R.1.C., Imperial Chemical Industries Limited, 
General Chemicals Division, Cunard Building, Liverpool, 3. 

A. C, Farthing, M.A., B.Sc., Imperial Chemical Industries Limited, Hexagon 
House, Blackley, Manchester, 9 

G. D. Meakins, M.A., D.Phil., Chemistry Department, The University, 
Manchester, 13. 

G. Kohnstam, B.Sc., Ph.D., The University Science Laboratories, South 
Road, Durham. 

F. J. McQuillin, MA., D.Phil., Chemical Department, King's College, 
Newcastle upon Tyne, 

Professor S. N. Slater, M.Sc., D.Phil, A.R.LC., Chemistry Department, 
Victoria University College, Wellington, New Zealand. 

rk. G. R. Bacon, Ph.D., A.R.C.S., Chemistry Department, Queen's 
University, Belfast. 

J. E. MeKail, Ph.D., Department of Chemistry, University College of North 
Wales, Bangor. 

T. J. King, B.Sc., M.A., D.Phil,, Chemistry Department, The University, 
University Park, Nottingham. 

E. R. A. Peeling, B.Sc., Ph.D., University College, Leicester. 

R. E. Richards, M.A., D.Phil., Lincoln College, Oxford. 

M. I. D. Chughtai, M.Sc.Tech., Ph.D., A R.1.C., Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan 

C. Horrex, M.Se., Ph.D., Chemistry 
St. Andrews. 

H. J. V. Tyrrell, M.A., B.Sc., Chemistry Department, The University, 
Sheffield, 10. 

Professor F. L. Warren, Ph.D., ¥.R.1.C., Department of Chemistry, Uni- 
versity of Natal, P.O. Box 375, Pietermaritzburg, South Africa, 

Miss Ishbel G. M. Campbell, B.Sc., Ph.D., Department of Chemistry, The 
University, Southampton, 

R. 1, Davies, M.Sc., A.R.1.C., Department of Chemistry, University College, 
Singleton Park, Swansea. 

A. R. Pinder, B.Sc., Ph.D., F.R.1.C., Department of Chemistry, University 
College, Cardiff. 


A.R.L.C., Queen's University, 


A.RLC., Department of Chemistry, 


Department of Chemistry, The 


Department, The University, 


September, 1956 


PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


SCIENTIFIC MEETINGS DURING NOVEMBER, 1956 
LONDON, 
Thursday, November 1st, 1956, at 2.30 p.m. and 7.30 p.m. 


Symposium, Newer Interpretations of Reactions and Structure in Carbohydrate 
Chemistry, arranged by Dr. G. KR. Barker. To be held in the large Chemistry 
Lecture Theatre, University College, Gower Street, London, W.C.1. (Full 
details will be circulated.) 


lhursday, November 15th, 1956, at 7.30 p.m 


Meeting for the Reading of Original Papers specially arranged to commemorate the 
70th Birthday of Sir Tan Heilbron. To be held in the Rooms of the Society, 
Surlington House, London, W.! 


ABERDEEN, 
lriday, November 9th, 1956, al 7.30 p.m 


Lecture, An Aspect of Conformational Analysis, by Professor D. H. R. Barton, D.Sc., 


Ph.D., F.R.LC., F.RLS. Joint Meeting with the Royal Institute of Chemistry 
and the Society of Chemical Industry, to be held in the Chemistry Department, 
The University. 


l’vriday, November 23rd, 1956, at 7 p.m 
Official Meeting and Tilden Lecture, Physical Properties of High Polymers in Relation 
to their Chemical Structures, by Vrofessor G. Gee, M.Se., Ph.D., F-R.S. To be 
held in the Chemistry Department, The University. 


BIRMINGHAM. 
lriday, November \6th, 1956, at 4.30 p.m 
Lecture, Topology and Chemistry, by Dr. A. Ff. Wells, M.A. Jomt Meeting with 
Birmingham University Chemical Society to be held in the Chemistry Depart- 
ment, The University. 


l'riday, November 30th, 1956, at 4.30 p.m 
Lecture, Hydrocarbon Compounds of the Transition Metals, by Professor G. Wilkinson, 
Ph.D., A.R.C.S. Joint Meeting with Birmingham University Chemical Society 
to be held in the Chemistry Department, The University 


BRISTOL. 
Thursday, November 1st, 1956, at 7 p.m 
Tilden Lecture, Physical Properties of High Polymers in Relation to their Chemical 
Structure, by Professor G. Gee, M.Se., Ph.D., F.R.S. Joint Meeting with the 
Royal Institute of Chemistry and the Society of Chemical Industry, to be held 
in the Chemistry Department, The University. 


Lhursday, November \ith, 1956, at 5.30 p.m. 


social Evening. Joint Meeting with the Royal Institute of Chemistry and the 
Society of Chemical Industry to be held in the Senior Common Room, The 
University 


lviday, November \6th, 1956, at 5 p.m. 

Lecture, Overcrowded Molecules, by Professor C. A. Coulson, M.A., D.Se., Ph.D., 
.K.S. Joint Meeting with the Student Chemical Society to be held in the 
(hemistry Department, The University. 

/hursday, November 22nd, 1956, at 5.15 p.m. 

Lecture, Acetylene—Allene Chemistry, by Professor k. RK. H. Jones, D.Se., Ph.D., 
br RLC., F.RLS. Joint Meeting with the Student Chemical Society to be held 
in the Chemistry Department, The University. 

lhursday, November 22nd, 1956, at 7 p.m. 

Lecture, Plastles from Petroleum, by Mr. Kk. W. King. Joint Meeting with the 
Royal Institute of Chemistry, the Society of Chemical Industry, and the Plastics 
Institute, to be held at the Technical College, Brunswick Road, Gloucester 

Lhursday, November 20th, 1956, at 5.15 p.m. 


Lecture, Selence in the Detection of Crime, by Dr. J. B. birth, C.B.E., BRL 
joint Meeting with the Student Chemical Society to be held in the Chemistry 
Department, The University. 


CAMBRIDGE, 
lriday, November Oth, 1956, at 8.30 p.m. 


Lecture, Atomie Radiation and Polymers, by Dr. A. Clharlesky. Joint Meeting with 
the University Chemical Society to be held in the University Chemical Labora 
tory, Lensfield Road. 


hriday, November \6th, 1956, at 8.30 pm. 


Lecture, Solutions in Sulphurie Acid, by Dr. K. J. Gillespie, B.Se. Joint Meeting 
with the University Chemical Seciety to be held in the University Chemical 
Laboratory, Lensfield Road. 


Vonday, November 26th, 1956, at 8.30 pom. 


Lecture, Aromatic Detrimethylsilylation. Some New Electrophilic Aromatic Sub- 
stitutions, by Dr. ©. Eaborn, B.Se., A. R.A fo be given in the University 
(Chemical Laboratory, Lensfield Road. 


hriday, November 26th, 1956, at 8.30 p.m, 


Lecture, Sorption of Vapours in Crystals, by lrofessor K. M. Barrer, D.Sc., Ph.D., 
E_R.LC., FLRLS. Joint Meeting with the University Chemical Society to be 
held in the University Chemical Laboratory, Lensfield Road 


LDINBURGH., 
Lhursday, November 22nd, 1956, at 7.30 p.m, 


Lecture, Polymerisation in Heterogeneous Systems, by Professor C. E. H. Bawn, 
C.B.E., Ph.D., FLR.S. Joint Meeting with the Royal Institute of Chemistry 
and the Society of Chemical Industry, to be held in the North British Station 
Hotel 


EXETER. 
Friday, November 30th, 1956, at 5 p.m. 


: Lecture, Non-benzenoid Aromatic Systems, by Professor Wilson Baker, D.Se., Ph.D., 
F.R.LC., F.R.S. To be given in the Washington Singer Laboratories, Prince 
of Wales Road. 


GLASGOW, 


Wednesday, November 7th, 1956, at 4 p.m. 


Lecture, The Structure of Vitamin B,., by Mrs. D. M. Hodgkin, M.A., Ph.D., F.R.S. 
Joint Meeting with The Alchemists’ Club to be held in the Chemistry Depart- 
ment, The University. 


Friday, November 16th, 1956, at 7.15 p.m. 


Lecture, The Hydrogen Isotope Effect in Reaction Kinetics, by Mr. K. I. Bell, 
M.A., F.R.S. To be given in the Chemistry Department, The University. 


HULL. 
Thursday, November 29th, 1956, at 7.30 p.m. 


Lecture, The Steric Control of Chemical Reactivity, by Dr. G. Baddeley, D.Sc., Ph.D., 
F.R.LC. Joint Meeting with the Royal Institute of Chemistry to be held in the 
Organic Chemistry Lecture Theatre, The University. 


IRISH REPUBLIC, 


Friday, November 2nd, 1956, at 7.45 p.m. 


Lecture, The Birth and Death of Free Radicals in Polymerisation, by Dr. (©. H. 
Bamford, M.A., A-R.L.C. Joint Meeting with the Werner Society to be held 
in the Chemistry Department, Trinity College, Dublin. 


LEEDS. 
Monday, November 12th, 1956, at 6.30 p.m. 


Royal Institute of Chemistry Lecture, Determination of Aleohol In Blood and Urine 
of Drunken Drivers and the Interpretation Thereof, by Dr. D. W. Kent Jones, 
B.Sc., F.R.LC. To be given in the Chemistry Lecture Theatre, The University. 
(All Fellows are invited.) 


Thursday, November 15th, 1956, at 6.30 p.m. 


Lecture, Tropylium, by Professor M. J. 5. Dewar, M.A., D.Phil. Joint Meeting 
with the Leeds University Chemical Society to be held in the Chemistry Lecture 
Theatre, The University. 


LIVERPOOL. 
Thursday, November \st, 1956, at 5 p.m. 


Lecture, Chemistry at Extreme Temperatures, by lVrofessor G. Porter, M.A., Ph.D. 
Joint Meeting with the University Chemical Society, the Royal Institute of 
Chemistry, the Society of Chemical Industry, and the British Association of 
Chemists, to be held in the Chemistry Lecture Theatre, The University. 


MANCHESTER. 
Wednesday, November 14th, 1956, at 6.30 p.m. 


Lecture, Reeent X-ray Structural Determinations in Glasgow, by Jlrofessor 
J. M. Robertson, Ph.D., D.Sc., F.R.LC., F.R.S. To be given at the College 
of Technology. 


NEWCASTLE AND DURHAM. 
l'riday, November 9th, 1956, at 4 p.m. 
Meeting for the Reading of Original Papers. To be held in the Chemistry Building, 
King’s College, Newcastle upon Tyne, 1. 
Monday, November 12th, 1956, at 5.15 p.m. 


Lecture, Organic Semi-conductors, by Professor .D. D. Eley, M.Se., Ph.D. Joint 
Meeting with the Durham Colleges Chemical Society to be held in the Science 
Laboratories, The University, Durham. 


Kriday, November \6th, 1956, at 5.30 p.m. 


Kedson Club Lecture, The Chemistry of Some Naturally Occurring Polyacetylenes, by 
Professor B. Lythgoe, M.A., Ph.D., F.R.L.C. To be given in the Chemistry 
suilding, King’s College, Newcastle upon Tyne, 1. (All Fellows are invited.) 


Monday, November 26th, 1956, at 5.15 p.m. 


Lecture, The Mechanles of Steric Hindrance, by ProfessorC. K. Ingold, D.Sc.,F.R.LC., 
RLS. Joint Meeting with the Durham Colleges Chemical Society to be held 
in the Applebey Lecture Theatre, Science Laboratories, The University, Durham. 


NORTHERN IRELAND. 
Thursday, November 15th, 1956, at 7.15 p.m. 
Lecture, Reeent Advances in Acetylene Chemistry, by Professor R. A. Raphael, 
D.Se., D.LC., F.R.LC. Joint Meeting with the Royal Institute of Chemistry 


and the Society of Chemical Industry, to be held at The Queen’s University, 
Belfast. 


NORTH WALES, 
Thursday, November 8th, 1956, at 5.45 p.m. 
Lecture, Allene Chemistry, by Professor E. R. H. Jones, D.Sce., Ph.D., F.R.LC., 
F.R.S. Joint Meeting with the University College of North Wales Chemical 
Society to be held in the Department of Chemistry, University College of 
North Wales, Bangor. 


NOTTINGHAM AND LEICESTER. 
LT hursday, November \st, 1956, at 4.45 p.m. 
Lecture, Elaboration Products of Eucarvone, by Professor RK. A. Raphael, D.Sc., 
D.L.C., F.R.LC. Joint Meeting with Nottingham University Chemical Society 


to be held in the Lecture Theatre, Chemistry Department, The University, 
Nottingham. 


Monday, November 19th, 10956, at 4.30 p.m. 
Lecture, The Structure of Vitamin B,,, by Mrs. D. M. Hodgkin, M.A., Ph.D., F.R.S. 
Joint Meeting with the Chemical Society of the University College of Leicester 
° to be held at University College, Leicester. 


l uesday, November 27th, 1956, at 4.45 p.m. 


Lecture, Mechanism of Solid-state Reactions and the Structure of the Solid State, by 
Professor W. E. Garner, C.B.E., D.Se., F.R.S. Joint Meeting with Nottingham 
University Chemical Society to be held in the Lecture Theatre, Chemistry 
Department, The University, Nottingham. 


OX FORD. 
Monday, November 5th, 1956, at 8.15 p.m. 


Lecture, Organometallic Compounds, by Professor G. E. Coates, M.A. Joint 
Meeting with Oxford University Alembic Club to be held in the Physical 
Chemistry Laboratory, South Parks Road, Oxford. 


ST. ANDREWS AND DUNDEE. 


Thursday, November \st, 1956, at 5.15 p.m. 
Lecture by Professor Wilson Baker, D.Sc., Ph.D., F.R.L.C., F.R.S. Joint Meeting 
with the University Chemical Society to be held in the Chemistry Department, 
St. Salvator’'s College, St. Andrews. 
Friday, November 9th, 1956, at 5.15 p.m. 


Lecture, Application of Modern Techniques to Problems in Brewing, by Professor 
I. A. Preece. Joint Meeting with the University Chemical Society to be held 
in the Chemistry Department, St. Salvator’s College, St. Andrews, 


SHEFFIELD. 
Thursday, November 15th, 1956, at 7.30 p.m 


Lecture, Chemotherapeutic Research, by Dr. F. L. Rose, O.B.E., D.Se., Ph.D., 
F.R.LC. Joint Meeting with the Koyal Institute of Chemistry and Sheffield 
University Chemical Society, to be held in the Chemistry Lecture Theatre, 
The University. 


SOUTHAMPTON. 
Friday, November 2nd, 1956, at 5 p.m. 
Lecture, Some Applications of Radiochemistry, by Dr. R. Spence, C.B., F.R.LA 


Joint Meeting with the University (hemical Society to be held in the Chemistry 
Department, The University. 


kriday, November 23rd, 1956, at 5 p.m. 4 

Lecture, Some Aspects of the Organic Chemistry of Phosphorus, by Professor H. N 

Rydon, D.Sc., Ph.D., A.R.C.S., F.R.LC. Joint Meeting with the University 
Chemical Society to be held in the Chemistry Department, The University, 


SOUTH WALES. 
Monday, November 12th, 1956, at 5.30 p.m. 


Lecture, Some Radical Reactions, by Dr. R. N. Haszeldine, M.A., Ph.D., FR 
To be given in the Chemistry Department, University College, Cardiff. 


Friday, November 16th, 1956, at 6 p.m. 
Lecture, Some Recent Developments in Inorganic Stereochemistry, by Professor 
R. S. Nyholm, D.Sc., Ph.D., F.R.LC. Joint Meeting with the University 
College of Swansea Chemical Society to be held in the Chemistry Department, 
University College, Swansea. 


Friday, November 23rd, 1956, at 6 p.m. 

Lecture, Factors Involved in the Production of Carbonium Ions, by Professor A. G. 
Evans, D.Sc., Ph.D., F.R.LC. Joint Meeting with the University College of 
Swansea Chemical Society to be held in the Chemistry Department, University 
College, Swansea. 


OFFICIAL ANNOUNCEMENTS 


DEATHS. 


Ihe Council regrets to announce the deaths of the following Fellows : 


ernest Alexander Braude (Kew) (C. 1954 


Herbert Levinstein (Bletchley) 
Neville Smith (Pontefract) 
Vivian John Weston (Ibadan) . 


ELECTION OF NEW FELLOWS. 


Elected. Died, 
a 22nd, 1942 July 23rd, 1956. 
Jec. rd, 1914. Aug. 3rd, 1956. 
Sept. 15th, 1943 June 4th, 1956. 
Feb. 15th, 1945. Apr. 7th, 1956. 


rhe following 30 candidates were elected Fellows of the Society on August 13th, 1956 : 


Herbert I. Berman. 

John Bull 

Thomas Ronald Capel. 
Colin Gerald Coe. 

Maria Di Fonzo 

Hans Feilchenfeld. 

James Keith Hambling. 
Thomas Andrew Hamor 
Puthupparambil Ittyerah Itiyerah 
John Bryan Jones 
‘lassios Krentos 

Carl Edward Lorenz 
Char'es John Mandleberg. 
Alton Meister 

Antonio Moriondo, 


Norman Albert Perkins 
George Bouet Petersen 
Robert Peter Campbell Pockley. 
Cyril Solomons. 

Leslie Howard Sutcliffe 
Margaret Louise Swindells 
William John Thomas 
David Frank Tooley 

K. C, Tsou. 

Brian Thomas Waters 
Alfred John Weinheimer 
David Willner. 

Philip Daryl Wilmot. 
John Allan Yates 

Martin John Zissell 


RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in November next. All persons 
who have received grants and whose accounts have not been declared closed by the Council 
are informed that reports must be received by the Society not later than November Ist, 
1056 

Applications for grants, to be made on forms available from the General Secretary, 
must be received on or before November 15th, 1956, Applications from Fellows will 
receive prior consideration, 


THE HARRISON MEMORIAL PRIZE 

In accordance with the Trust Deed governing the Harrison Memorial Fund, the Selection 
(Committee, consisting of the Presidents of the Chemical Society, the Royal Institute of 
Chemistry, the Society of Chemical Industry, and the Pharmaceutical Society, will, after 
December Ist, 1956, consider making an award of the Harrison Memorial Prize. 

rhe Prize, not exceeding 100 Guineas, will be awarded to the chemist of either sex, 
being a natural-born British subject and not at the time over thirty years of age, who, in 
the opinion of the Selection Committee, shall, during the previous five years, have con- 
ducted the most meritorious and promising original investigations in chemistry and pub- 
lished the results of those investigations in a scientific periodical or periodicals, 

Applications, five copies of which must be submitted, should give the name of the 
applicant (in full), age (birth certificate should accompany the application), degrees (with 
name of University), any other qualifications and experience, titles of published papers 
(with co-authors’ names), including full references to publication, where research was 
carried out, testimonials and references, and any other particulars bearing on the 
application 

The Selection Committee is prepared to consider applications, nominations, or inform- 
ation as to candidates eligible for the Prize. Any such communication must be received by 
the President, The Chemical Society, Burlington House, Piceadilly, London, W.1, not 
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later that Saturday, December Ist, 1956. Candidates must not have attained the age of 
thirty years at this date. 


CORDAY-MORGAN MEDAL AND PRIZE. 

This award, consisting of a Silver Medal and a monetary Prize of 200 Guineas, is made 
annually to the chemist of either sex and of British Nationality who, in the judgment of 
the Council of the Chemical Society, has published, during the year in question, the most 
meritorious contribution to experimentai chemistry, and who has not, at the date of pub- 
lication, attained the age of thirty-six years. 

Copies of the rules governing the Award may be obtained from the General Secretary 
of the Society. Applications or recommendations in respect of the Award for the year 
1955 must be received not later than December 31st, 1956, and applications for the Award 
for 1956 are due before the end of 1957. 


ACKNOWLEDGMENTS. 
The thanks of the Society have been conveyed to Dr. A. KE. Parkes for a gift of 
publications. 


75th ANNIVERSARY OF THE SOCIETY OF CHEMICAL INDUSTRY. 

The President and Professor F. Bergel (Honorary Secretary) represented the Society 
at the Seventy-Fifth Anniversary Celebrations of the Society of Chemical Industry in July 
when the following address was presented : 


THE CHEMICAL SOCIETY 
TO THE 
PRESIDENT, COUNCIL, AND MEMBERS 
OF THE 
SOCIETY OF CHEMICAL INDUSTRY 


We, the President, Council, and Fellows of the Chemical Society, send you our greetings 
and felicitations on the occasion of the celebration of the seventy-fifth anniversary of the 
foundation of the Society of Chemical Industry. 

On April 4th, 1881, at a meeting held in the Rooms of The Chemical Society in Burling 
ton House, the inaugural meeting of the Society of Chemical Industry was held under the 
Chairmanship of Professor Sir Henry Roscoe, who was later elected your first President. 
Professor Roscoe, who held office as President of The Chemical Society from 1880 to 1882, 
referred in his Presidential Address of 1882 to the foundation of our Sister Society as 
‘a matter for congratulation,” and added, “' The two Societies will, it is to be hoped, prove 
of mutual advantage.’ The history of the past seventy-five years shows how amply these 
hopes have been fulfilled, and it is our great pleasure to repeat them to-day. 

It is our sincere wish that the Society of Chemical Industry, which this year comes into 
possession of fine premises of its own, may continue to play a leading part in the develop 
ment of the many applications of fundamental chemical science, and may thus contribute 
in ever-increasing measure, to the advancement of knowledge and to the well-being and 
prosperity of mankind. 

Signed on behalf of The Chemical Society, 

EK. L. Hirst 
President. 

MictAkL W. Perrin 
| reasurer. 

L. k. SUTTON 

hr. BERGEL 

J. CHATT 

London, July 1956. Honorary Secretaries, 
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XVith INTERNATIONAL CONGRESS FOR PURE AND APPLIED CHEMISTRY. 


The XVIth International Congress for Pure and Applied Chemistry will take place in 
Paris from July 18th to 24th, 1957, simultaneously with the XIXth Conference of the 
International Union of Pure and Applied Chemistry. It will be preceded by the Centenary 
Celebrations of the Société Chimique de France. 

The Congress will be divided into three Sections, for Physical, Inorganic, and Organic 
Chemistry. 

Papers intended for the various Sections should deal with one of the following 
subjects 


In Physical Chemistry. 
Physicochemical aspects of radioactive elements. 
Combustion of gaseous mixtures, 
Water in chemical compounds. 
Diffusion in liquids and gels: reactions and structures 


In Inorganic Chemistry. 


[he solid compounds of transition metal (except complex compounds). 
[he compounds of boron with hydrogen and non-metallic elements. 
(hemical properties of the elements in actinium series, 

Chemical properties of substances at high temperature, 


In Organic Chemistry. 


Keaction mechanisms and intramolecular rearrangements 

Organometallic and organometalloidic compounds, 

Selective reactions and orientation phenomena ; stereochemistry. 

Structure and synthesis of natural compounds (except macromolecular substances). 


lurther details will be published in a later issue of Proceedings 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(hellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for September, 1956. Such 
objections will be treated as confidential. The forms of application ave available in the Library.) 


Ahmed, Khalil, M.Sc. (Punjab). Pakistani. 6, Sultan Teepu Street, Misri Shah, Lahore, West Pakistan 
Kesearch Fellow at the West Kegional Laboratories, Lahore. Signed by: M. Hashmi, M. I. D 
Chughtai 

Anderson, Douglas MacDonald Watt, 8 Sc. and Ph.D. (Edin.), A.R.LC. British. Department ot 
Chemistry, The University, West Mains Road, Edinburgh, 9. Lecturer. Signed by: E. L. Hirst, 
G, O. Aspinall 

Barker, Leslie Oliver. British. Royal Hospital School, Nr. Ipswich, Suffolk, Science Master 
Signed by; F.C, Lloyd, C, L. Geall. 

Bayer, Raymond Philip, B.A. (Minnesota), American, Department of Chemistry, University of North 
Dakota, Grand Forks, North Dakota, U.S.A. Graduate Student Signed by: V.H. Tiensuu, S 
Pomerantz 

Bayer, Robert William, 8.A. (Minnesota). American, Department of Chemistry, University of North 
Dakota, Grand Forks, North Dakota, U.S.A. Graduate Student. Signed by: V. H. Tiensuu 
5S. Pomerantz 

Becker, Robert R., M.S. and Ph.D. (Wisconsin), American. Department of Chemistry, Columbia 
University, New York 27, N.Y., U.S.A. Assistant Professor. Signed by: D. Kirschenbaum, G 
Stork 

Corrodi, Hans Rudolph, D Sc. and Dip.-Ing. Chem. (Zurich). Swiss. Schulhausstr, 34, Meilen, Switzer- 
land Kesearch Assistant at ETH, Zurich. Signed by: V. Prelog, B. G. Engel 

Gream, George Edward, .5c. (New England). Australian, University of New England, Armidale, 
New South Wales, Australia. Student Signed by: N. V. Riggs, ]. E. Banfield 

Heaps, Eileen Violet. Writish. 14, Brockenhurst Gardens, Mill Hill, N.\W.7. Undergraduate at Oxford 
University Signed by: L. A. K. Staveley, R. E. Richards 
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Hull, William Q., B.E. (Vanderbilt). American. American Chemical Society, Bush House, Aldwych 
W.C.2. European Editor. Signed by: E. K. Rideal, L. H. Lampitt 

Johnstone, Robert Alexander Walker, Sc. and Vh.l). (Sheffield). British. 30, Rutland Avenue, 
Sandal, Wakefield, Yorks. Research Student. Signed by: H. J. V. Tyrrell, T. S. Stevens 

Kreling, Maria Elisabeth. German. 4722, Maplewood Avenue, Montreal, P.0., Canada. Research 
Chemist with Monsanto Canada, Ltd. Signed by: E. J. Tarlton, D. J. Whittingham 

Little, John Clayton, B.S. (California). American. 219, Noyes Laboratory, Department of Chemistry, 
University of Illinois, Urbana, Illinois, U.S.A. Graduate Student. Signed by: N. J. Leonard, 
D. Y. Curtin. 

McKean, Donald Campbell, M.A. and D.Phil. (Oxon.). British. Chemistry Department, The University, 
Old Aberdeen. Lecturer. Signed by: R. H. Thomson, K. W. Bentley 

Merler, Ezio, B.A. and M.Sc. (British Columbia), Canadian. 17, Garrett Street, Kingston, Ontario, 
Canada. Student. Signed by: J. K. N. Jones, K. E. Russell, 

Meyer, Hanan, Ph.D. (Jerusalem). Israeli. Department of Biological and Colloidal Chemistry, The 
Hebrew University, Jerusalem, Israel. Instructor in Biochemistry. Signed by; A. Neuberger, 
J. J. Scott. 

Monks, Edward Robert, B.Sc. (Lond.), British. 52, Standen Avenue, Hornchurch, Essex. Kesearch 
Student. Signed by: C. M. French, M. F. Ansell 

Murray, Robert Douglas Hutton. British. 33, Ayr Koad, Prestwick, Ayrshire. Undergraduate at 
Glasgow University. Signed by: D.S. Payne, J. C. D. Brand 

Ohta, Tatsuo, D.Pharm. (Tokyo). Japanese. Tokyo College of Pharmacy, 600 Kashiwagi 2-Chome, 
Shinjuku-ku, Tokyo, Japan. Professor of Bacteriology and Phytochemistry. Signed by: 5 
Shibata, S, Sugasawa. 

Seese, William §., B.S. (New Mexico). American. 8012, Morrow Road, N.E., Albuquerque, New 
Mexico. Research Assistant in Chemistry. Signed by: KR. N. Castle, |. L. Riebsomer. 

Slater, Arthur Walter, M.Sc. (Lond.). British. Flat 3, 14, Pembridge Crescent, London, W.11 
Lecturer. Signed by: E. Boyland, F. Bergel. 

Spotswood, Thomas McLeod, M.Sc. (Tasmania). British. 8, Browning Street, Clearview, Adelaide, 
South Australia. Research Chemist. Signed by; P. FE. Rogasch, C. L. Cook 

Taylor, Sheila Ann. British. Imperial College Hostel, Prince Consort Road, South Kensington, 5.W.7 
Student. Signed by; J. Elvidge, D. M. Wells. 

Thomas, Ann Margaret, 8.5. (Pennsylvania), American. Chemistry Department, Indiana University, 
Bloomington, Indiana. Graduate Student. Signed by: V. J. Shiner, jun., lf. Vratny 

Werbel, Leslie M., B.S. (Queens Coll.), M.A. (Columbia), American. 1208, W. California Street, Apart- 
ment 5, Urbana, Llinois, U.S.A. Graduate Student at Lilinois University. Signed by: D. Y 
Curtin, R. Adams. 

Whitcutt, John Michael, B.Sc. (Rand.). South African. c/o National Chemical Research Laboratory, 
P.O. Box 395, Pretoria, South Africa. Research Chemist. Signed by: C. F. Garbers, J. P. de 
Villiers. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Bailey, William Charles, jun., B.S. (The Citadel). American. Chemistry Department, Emory University, 
Georgia, U.S.A. Student. Signed by: L. Mandell 

Eggers, Heinrich, Dr.rer.nat. (Gottingen). Rottmannstr. 20, Heidelberg, Germany. Student. Signed 
by: A. M. Meston. 

Knowles, DeWitt C., jun., B.S. (Brooklyn Polytech.), M.S. (New York). American. Harris Kesearch 
Laboratories, 1246, Taylor Street, N.W., Washington 11, D.C., U.S.A. Research Associate 
Signed by; R. Saxon 

Pollack, Morris, M.S. (Brooklyn Polytech.), Ph.D. (Purdue), American, 2005, Vyse Avenue, New 
York 60, N.Y., U.S.A. Senior Research Chemist, Columbia-Southern Chemical Corp., Barbeuton 
Signed by: G. Klee. 

Sher, Murray Joel, B.S. (Boston Coll.), Ph.D. (New York). American. 734, Third Street, New Martins- 
ville, West Virginia, U.S.A. Chemist with Columbia-Southern Chemical Corp. Signed by; J. W 
Hellman 

Whitney, Ellsworth Dow, 83.A. (Buffalo), Ph.D. (New York). American. 110, Alberta Drive, Eggerts 
ville 21, New York, U.S.A. Research Chemist, Olin Mathieson Chemical Corp., Niagara Falls, New 
York. Signed by: R. J. F. Palchak. 

Wilde, Richard Edward, jun., B.S. (California). American. 4213}, University Way, Apt. L., Seattle 5, 
Washington, U.S A. Graduate Student at Washington University. Signed by: RK. G. Neville 
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PAPERS ACCEPTED 


(List of Papers accepted between August 4th and August 27th, 1956, 
for publication in the Journal.) 


Thermal decomposition of mercuric o- and m-nitrobenzoates and 4-nitrophthalate.’’ 
By P. S. MAYURANATHAN. 

Thermal decomposition of the mercuric and silver salts of the isomeric methy! 
hydrogen 3-nitrophthalates."" By P. S. MAYURANATHAN, 

‘ Crystal symmetry, and the adsorption of dyes by growing crystals. Part | 
Ammonium nitrate 1V,"" By JoHn WHETSTONE. 

 Radical-capture agents in tetralin. Part I. Measurement of relative efficiencies and 
correlation with structure.” By D. S. Davies, H. L. Go_psmiru, A. K. Gupta, and 
G. KR. Lester 

Electronic spectra of organic molecules and their interpretation. Part II, Effect of 
terminal halogen atoms of conjugated systems on K-bands."’ By A. BurRAwoy and 
A. RK, THOMPSON 

‘Some cholesteryl phosphates.’ By H. A. C. Montcomery, J. H. TURNBULL, and 
W. WILSON, 

“ Synthesis of a dihydrosantonin isomer.”’ By J. K. CHAKRABARTI, P. Dutt, and 
P. C, Dutta 

The reaction between aromatic compounds and derivatives of tertiary acids. Part 
Vill. The use of an infrared gas analyser for the quantitative determination of carbon 
monoxide.”’ By MicHagr. E. Grunpy, EuGene Rorusrern, and (in part) Wel-Hwa Hst 

‘ The reaction between aromatic compounds and derivatives of tertiary acids. Part 
1X. Concentration and environmental factors influencing the elimination of carbon 
monoxide from pivaloyl chloride.” By MicnarL E, Grunpy, EvGeENE Rotustein, and 
(in part) Wet-Hwa Hsv. 

The identity of the cubic oxide present in films on iron.”” By D. Euror Davies and 
U. R. Evans 

“ The structure of molecules and ions of the type X,A*AX,, X,A°AY,, and YXA*AXY.”’ 
By P. J. WHeaTLey. 

The thermodynamics of the formation of complex ions of ethylenediaminetetra-aceti 
acid and bivalent cations.”” By R. A. Care and L. A. K. STAVELEY. 

‘Phenanthridines, Part I. The synthesis of bromophenanthridines.”” By G. M. 
BADGER and W. F. H. SAsse. 

“Reduced cyclic compounds. Part Il. The synthesis of 1-1’-acetoxyvinyleyclo 
hexene and its reactions with some dienophils,”” By M. F. ANsELL and G. T. Brooks. 

The relation between configuration and conjugation in diphenyl derivatives. Part 
VII. Halogenodiphenyls.”” By G. H. Beaven and D. Murier HALL, 

‘' The composition of Hakea acicularis gum."" By A. M. STEPHEN. 

Some 5a : 6a-epoxy-3-oxo-steroids.”” By BERNARD ELLIs and VLADIMIR PETROW. 

‘4: 4-Dimethyl-steroids. Part II. Some androstane and pregnane derivatives.” 
bby (Mrs.) W. J. Apams, D. K. Pare, V. Petrow, (Mrs.) I. A. STUART-WeBB, and 
B, STURGEON, 

“ The polarography of some simple pyrazine derivatives.” By L. F. Wiceins and 
W. 5. Wisk 

 Phosphonic polymers. Part I. The copolymerisation of diethyl vinylphosphonate 
and styrene.” By C. L. Arcus and R. J. S. MATTHEWS. 

‘‘ Several quinoxalines of biological interest.’’ By R. M. AchEson. 

‘ Energy levels and absorption of some monosubstituted benzene derivatives."’ By 
A. MANnGrni and C, ZAULI. 

The reaction between phosphorus trichloride and bromine.” By G. S. Harris and 
D. 5, PAYNE 

Infrared spectra of rietal ammines and related compounds. Part II. The trans 
effect in platinous complexes."" By D. B. Power. 


' Spectra of transition metal complexes of the type Co(NH,),% 
GrirFirH and L. FE. ORGEL. 
‘ Carbamoylglyoxaline.”” By J. M. Lowensirin. 
“ The reaction of tetra-alkylammonium halides with potassium in liquid ammonia.” 
sy D. A. Hazcenursrt, A. K. HOLiipay, and G. Pass 
‘Aromatic reactivity. Part 1. Effects of substituents on the removal of the tri- 
methylsilyl group.” By C, EAporn. 
‘Steroids and Walden inversion. Part XXXIV. The mechanism of deamination.” 
By C. W. Suoprre, D. E. Evans, and G. H. R. SumMERS 
‘ Synthetical experiments in the chelidonine sanguinarine group of alkaloids. Part 
IV." By A. S. Battey and C. R. Wortutne. 
sy-ways of synthesis of cortisone from hecogenin. Part 1. 9%-D-hydrohecogenin as 
intermediate in preparation of ll-oxygenated compounds (ll-oxotigogenin and 36- 
acetoxy-174-hydroxyallopregnane-I1 ; 20-dione).”’ By R. K. Cattowand V.H. T. James. 
 By-ways of synthesis of cortisone from hecogenin. Part Il. A route to Ll-oxygen- 
ated compounds through 3 : 206-diacetoxy-11-bromoallopregnan-l2-ene. By R. K. 
CaLtow and V.H. T. James. 
“ The reduction of carbon monoxide by lithium aluminium hydride.” By J. F 
Martin, A. J. NEALE, and H. S. Turner 
‘“ Non-aqueous solutions of phosphorus pentabromide.” By G, 5S. Hargis and 
D. 5. PAYNE. 
‘ The chemical synthesis of polysaccharides. Part |. Synthesis of gentiodextrine.”’ 
By S. Hag and W. J. WHELAN. 
“ Tryptamines, carbolines, and related compounds. Part Il. A convenient synthesis 
of tryptamines and (-carbolines.” By R. A. Apramovircn and D. SHariro., 
‘ Tryptamines, carbolines, and related compounds, Part III, Seope of the method 
of synthesis of tryptamines. 1-Methyl- and NN’-dimethyl-tryptamines.”” By R. A, 
ABRAMOVITCH. 
“ The chemistry of santonin. Part IIl. The stereochemistry of some reduction 
products of santonin.” By Westry Cocker and T. Bb. H. McMurry. 
‘ 4-Benzoyldiphenylamine.”” By M. P. Lirpner and Murtiet L. TOMLINson. 
‘2: 6-Dimethylacetophenone.”’ By (the late) E. A. Brauper and R. L. Erskine. 
‘ The chemical action of ultrasonic waves."" By A. V. M. Parke and DUNCAN TAYLOR. 
‘ Synthesis of polycyclic compounds. Part VI. The preparation of 1; 2: 3: 4-tetra- 
hydro-6-methoxy-4-isopropyl-l-oxonaphthalene and related compounds.” By J. ©, 
SARDHAN and D. N, MUKHER]JI. 
“ Hydroaromatic steroid hormones. Part V. Some p-homo-I8 : 19-bisnorsteroids,” 
sy A. J. Biren and HERCHEL SMITH. 
‘ Water-soluble complexes of niobium (columbium) and tantalum, Part l. Complexes 
with «-hydroxy-acids and ethanolamines.”” By Frep FAirBproruer and Joun B. TAYLor. 


ADDITIONS TO 


Reagent chemicals; American Chemical 
Society specifications, 1955. (American 
Chemical Society. Committee on Analytical 
Reagents.) American Chemical Society. 
1955. 

Beilsteins Handbuch der Organischen 
Chemie, edited by F. Richter. 4th edn. 
Vol, 29. Part 1. General-Formelregister fir 
das Hauptwerk und die Erganzungswerke | 
und II, C,C,,. Springer-Verlag. 1956. 
(Presented by the Editor.) 

Annual review of plant physiology, edited 
by L. R. Blinks, L. Machlis, and J. G. Torrey. 
Vol. 7. Annual Reviews, Inc. 1956. 

Process chemistry, edited by I. Kk. Bruce 
et al, Vol. 1, (Progress in Nuclear Energy. 
Series If.) Pergamon Press Ltd. 1956. 

Industrial research, 1956—1957, edited by 
P, Dunsheath, Todd Publishing Group Ltd 
1956. 

Organic chemistry, by L. F. Fieser and M 
Fieser. 3rd edn. Reinhold Publ. Corp 
1956, 

Gmelins Handbuch der Anorganischen 
Chemie. Zink. Erginzungsband. System- 
nummer %32 8th edn. Verlag Chemie, 
GMBH. 1956. 


THE LIBRARY 


Chemistry of high degradation processes, 
by N. Grassie. Butterworths Scientific Publ. 
1956, 

The metallurgy of zirconium, edited by B. 
Lustman and F. Kerze, jun. McGraw-Hill 
Book Co., Inc. 1955. 

A symposium on inorganic nitrogen meta- 
bolism: function of metallo-flavoproteins, 
edited by W. D. McElroy and B. Glass. 
Sponsored by the McCollum-Pratt Institute of 
Johns Hopkins University. Johns Hopkins 
Press. 1956. 

The renaissance of inorganic chemistry. 
An inaugural lecture delivered at University 
College London, March 1956, by R. 5S, Nyholm. 
University College, 1956, (Presented by the 
Author.) 

Biographisch-literarisches Handwérterbuch 
der exakten Naturwissenschaften. Band VIla. 
Teil 1: A-E. 4 Lieferung, by J. C. Poggen- 
dorff. Akademie-Verlag. 1956. 

The application of the mass spectrometer 
to the analysis of organic compounds, by J. D. 
Waldron. (Metropolitan-Vickers Gazette, 1956, 
27, (444), p. 220-228.) Metropolitan-Vickers. 
1056. 


(Presented by the Publishers.) 
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PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


SCIENTIFIC MEETINGS DURING DECEMBER, 1956 
LONDON. 


Thursday, December 13th, 1956, at 7.30 p.m 


Tilden Lecture, Physieal Properties of High Polymers in Relation to their Chemical 
Structures, by Professor G. Gee, M.Se., Ph.D., F.R.S. To be given in the 
Lecture Theatre, The Royal Institution, Albemarle Street, London, W.1. 


ABERDEEN. 
kriday, December 7th, 1956, at 7.30 p.m 


Lecture, Polarographie Studies in Physical and Analytical Chemistry, by Dr. W. 
Furness, B.Se. Joint Meeting with the Royal Institute of Chemistry and the 
Society of Chemical Industry, to be held at Marischal College 


BRISTOI 


Thursday, December 6th, 1956, al 7 p.m 


Lecture, Corrosion Fatigue and Stress Corrosion, by Mr. T. D. Weaver and Dr. K. R. 
Wilson, M.S. Joint Meeting with the Royal Institute of Chemistry, the In- 
stitute of Metals, and the Corrosion and Chemical Engineering Groups of the 
Society of Chemical Industry, to be held in the Chemistry Department, The 


University. 


CAMBRIDGE. 


Monday, December 3rd, 1956, at 8.30 p.m 


Lecture, Acetylene and cycloButadiene Complexes of the Transition Metals, by 
Dr. M. C. Whiting, B.S« lo be given in the University Chemical Laboratory, 


Lensfield Road. 


EDINBURGH. 
Thursday, December 6th, 1956, at 7.30 p.m 


Lecture, The Application of Disintegrators and Conveyer Heat Exchangers in the 


Chemical and Food Industries, by Mr. T. S. Ling. Joint Meeting with the 
Royal Institute of Chemistry and the Society of Chemical Industry, to be held 


at the North British Station Hote! 


TRISH REPUBLIC. 
Wednesday, December 5th, 1956, at 7.45 p.m 


Lecture, Algal Photosynthetic Pigments, by Jr. Colm O hEocha, M.Se., M.LC.I. 
To be given in the Chemistry Department, University College, Dublin. 


MANCHESTER. 
l'niday, December 7th, at 6.30 p.m. 


Lecture, New Aspects of the Sequestration of Metals, by Dr. R. L. Smith, B.Sc., 
A.R.L.C. Joint Meeting with the Royal Institute of Chemistry and the 
Society of Chemical Industry, to be held in the Chemistry Lecture Theatre, 
The University. 


l hursday, December 13th, 1956, at 6.30 p.m. 


Lecture by Professor J. Baddiley, D.Sc., Ph.D. To be given in the Chemistry 
Lecture Theatre, The University. 


NORTHERN IRELAND. 
1 uesday, December 4th, 1956, at 7.45 p.m, 


Lecture, The Oxidation of Hydrocarbons and Aldehydes in Solution, by Professor 
C, E. H. Bawn, C.B.E., Ph.D., F.R.S. Joint Meeting with the Royal Institute 
of Chemistry and the Society of Chemical Industry, to be held at The Queen's 
University, Belfast. 


SOUTHAMPTON. 


lhursday, December 6th, 1956, at 8 p.m. 
Lecture, Degradation of High Polymers, by Dr. N. Grassie, A.R.I.C. Joint Meeting 
with the University Chemical Society, the Plastics Institute and the Royal 
Institute of Chemistry, to be held in the Chemistry Department, The University. 


OFFICIAL ANNOUNCEMENTS 
DEATHS. 
The Council regrets to announce the deaths of the following Fellows 
Elected Died 
Edward John Honess (Southsea) sevesveese DOC. 7th, 1016 Aug. l4th, 1956 


Harold Lewis (W.C.2) Mar. 16th, 1944 May 19th, 1056 


Wilfrid Gustav Polack (Birmingham) Dec. 2nd, 1915 June 19th, 1956 
July 17th, 1956 


Noel Douglas Ridsdale (Middlesbrough) Dec, 7th, 1911 


George Elliott Shaw (Tonbridge) 
Allan Frederick Walden (Oxford) 
William Wilson (Dumfries) 


May 16th, 1895 
May 4th, 1899 
May 18th, 1944 


Feb., 1056 
Apr. 19th, 1956. 
July Ist, 1956 


ELECTION CF NEW FELLOWS. 
The following 69 candidates were elected to the Fellowship on September 17th, 1956 


Society's Proceedings. 


Michael Anbar 

Judah Arotsky 
Muhammed Ashraf. 

Derek Charles Bishop. 
David Andrew Blackadder 
Solly Blumenfeld. 

Carl Lee Bumgardner 
Hung-Chen Chiang. 
Benjamin Peter Dailey. 
Paul William Darby. 
Robert Joseph Dummel 
Adrienne Gertrud Adele Eisner. 
Bozidar V. Eric 

Frederick Peter Evans 
Robert Davis Faulkner. 
George Roy Fitch. 

James Horace William Forsythe. 
William Good. 

Harry Michael Gordon, 
George Gorin. 

Samuel Thomas Griffiths. 
Brian John Thomas Harper. 
Frank Reid Harvey. 
Michael Roland Hatfield. 
David Oldham Hayward 
John Hickman 

Tohru Hino. 

Nobumasa Hojo 

Jack lan mopee. 

Ronaid Whiteley Jackson. 
Stanley Roy Johns 
George Johnson. 

Philip Douglas Lawley. 
Thomas Richard Layzell. 
David Herbert Leaback. 


ACKNOWLEDGMENTS. 


Reuben Leberman. 

William Richard Bruce Leigh 
Leslie Harry Little. 

John Francis Lovett 

Peter Albert Lowe 

William Robert McGregor 
Dennis Joseph McHugh 
Frederick Arthur Pomroy Maggs 
Samuel S. Markowitz 
Montague Miller 

Samuel Martin Nelson 
Julian Harold Newland 
Judith Madeleine Nosworthy 
George Andrew Olah 
Michael Allan Owen 
Kenneth George Pickup 
John Pritchard 

Jack Rosenbaum, 

Jan Olof Sandstrom 
Brahama Datta Sharma 
Michael Smith 

Bernard Peter Stark 

Peter John Stoward 

Swarup Narain Tewari 

Orlin Dalton Trapp, jun 
James Robert Turvey 

David Selway Urch 

Emy Marcelline Elizabeth von Hertele 
Edel Wasserman 

Elizabeth Jessie Williamson 
Clyde DeClifford Willson 
Brijnandan Prasad Yadava 
John Si Chiu Yan 

ernst Zerner 


The thanks of the Society have been conveyed to Mr. F. O. Isaac and Dr. R. J. Woods 


for gifts of the Society's publications. 


PROCEEDINGS OF THE CHEMICAL SOCIETY, 


1957. 


Council has approved plans for a change in the style, format, and contents of the 


From January, 1957, Proceedings will be considerably increased 
in size by the inclusion of additional material which it is hoped will add greatly to the 
interest and permanent value of the publication 


The new Proceedings will be given 
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without extra charge to all Fellows who have paid the basic annual subscription, or who 
are Life Fellows, and to all non-Fellows subscribing to the Journal. In addition, non- 
Vellows may, if they wish, subscribe separately to Proceedings. 

In its new form Proceedings will no longer be issued as an insert in the Journal, but it 
will have its own distinctive cover, and will be printed in a more modern format on a white 
paper, thicker in substance than the tinted paper at present used. It will include lectures 
and obituary notices, and the Report of Council, which now appear in the Journal. It 
will also contain occasional articles, anonymous or signed, and personal news items con 
cerning distinguished Fellows and visitors from overseas, as well as other news items of 
general interest, and the official announcements which already appear. Reports of Scientific 
Meetings held by the Society will be included, as well as short scientific ‘‘ communications " 
which are sufficiently urgent or important to qualify for the accelerated publication and the 
greatly increased circulation that Proceedings will offer by comparison with the Journal 
Notes regarding the submission of “ communications ”’ are given below. It is also 
expected that Proceedings will include, in addition to the advertisements at present 
printed in the Journal, a section of classified small advertisements, including notices of 
appointments vacant, 

Considerably less than half the total Fellowship now receives the Journal, and Pro 
ceedings is, therefore, the only regular link which the Society has with many of its Fellows. 
The Council hopes that the improvements which are now planned will be welcomed by 
Fellows and by non-Fellows alike, and that they will form an attraction to prospective 
Fellows, and also will help to retain the interest of those Fellows who no longer need to 
subscribe to the Society's Journal 


‘* COMMUNICATIONS" FOR PROCEEDINGS, 1957. , 


Starting in January, 1957, Proceedings of the Chemical Soctety will be open to “ Com 


munications ' which deal with original work of immediate importance to a substantial 
body of chemists, and manuscripts can now be accepted for consideration. It is unlikely 


that manuscripts received after December 18th, 1956, will be included in the first issue 

Publication will be granted only to ‘‘ Communications '’ which satisfy each of the three 
requirements, t.¢., urgency, importance, and wide interest. The primary consideration 
will be that chemists in general shall benefit from information in advance of full publication 
The object shall be to share knowledge, not claim priority or reserve a field, Polemics, 
including prolonged argument about known experimental facts, would not be acceptable. 

Details of experimental methods will not be published unless they are an essential 
part of the “ Communications,’’ nor will the physical or chemical properties of inter 
mediates in syntheses or degradations. 

‘Communications will be considered for publication whether or not the author is a 
bellow of the Chemical Society. They will be subject to refereeing, and, if accepted, to 
editing. Authors are advised to submit, with the manuscript, a statement for the benefit 
of the referees setting out briefly the reasons why publication in advance of full presentation 
is requested 

Authors whose ‘ Communications "’ are accepted should consider themselves under 
obligation to publish adequate details as soon as possible, or to withdraw the claims made, 
but not necessarily in a publication of the Chemical Society 

Manuscripts must be marked ‘‘ Communication for Proceedings " and sent, in duplicate, 
to the Honorary Secretaries, The Chemical Society, Burlington House, Piccadilly, London, 
W.1. They should not normally exceed 600 words in length, 1.¢., three quarto pages in 
double-line spacing, including formula or diagrams, which should be kept to a minimum 
and may delay publication. It is hoped that in the coming year accepted “ Communi 
ations will be published within four to eight weeks of receipt. 

Authors should observe the Society's conventions for nomenclature, symbolism, etc., 
outlined in the brochure ‘ The Presentation of Papers for the Journal of the Chemical 
Society,” but references should be given as footnotes (see Proceedings of the Chemical 
Society, July 1955, pp. 79-81.) 
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THE HARRISON MEMORIAL PRIZE. 

In accordance with the Trust Deed governing the Harrison Memorial Fund, the Selection 
Committee, consisting of the Presidents of the Chemical Society, the Royal Institute of 
Chemistry, the Society of Chemical Industry, and the Pharmaceutical Society, will, after 
December Ist, 1956, consider making an award of the Harrison Memorial Prize. 

The Prize, not exceeding 100 Guineas, will be awarded to the chemist of either sex, 
being a natural-born British subject and not at the time over thirty years of age, who, in 
the opinion of the Selection Committee, shall, during the previous five years, have con 
ducted the most meritorious and promising original investigations in chemistry and 
published the results of those investigations in a scientific periodical or periodicals. 

Applications, five copies of which must be submitted, should give the name of the 
applicant (in full), age (birth certificate should accompany the application), degrees (with 
name of university), any other qualifications and experience, titles of published papers 
(with co-authors’ names), including full references to publications, where research was 
carried out, testimonials and references, and any other particulars bearing on the 
application. 

rhe Selection Committee is prepared to consider applications, nominations, or inform 
ation as to candidates eligible for the Prize. Any such communication must be received 
by the President, The Chemical Society, Burlington House, Piccadilly, London, W.1, 
not later than Saturday, December Ist, 1956. Candidates must not have attained the age 
of thirty years at this date. 


CORDAY-MORGAN MEDAL AND PRIZE. 

This award, consisting of a Silver Medal and a monetary Prize of 200 Guineas, is made 
annually to the chemist of either sex and of British Nationality who, in the judgment of the 
Council of the Chemical Society, has published, during the year in question, the most 
meritorious contribution to experimental chemistry, and who has not, at the date of 
publication, attained the age of thirty-six years 

Copies of the rules governing the Award may be obtained from the General Secretary 


of the Society. Applications or recommendations in respect of the Award for the year 
1955 must be received not later than December 31st, 1956, and applications for the Award 
for 1956 and due before the end of 1957. 


THE CORDAY-MORGAN COMMONWEALTH FELLOWSHIP. 

Applications are invited from citizens of any country within the British Commonwealth 
for The Corday~Morgan Commonwealth Fellowship. This will be awarded for post 
doctorate (or equivalent) study in any branch of Chemistry. It will be tenable for one year 
in some part of the British Commonwealth other than that in which the candidate received 
his scientific education, at any university, research institution, or other place of study 
approved by the Corday~Morgan Memorial Fund I-xecutive 

rhe value of the Fellowship will be {700 per annum, but additional allowances may be 
granted in appropriate cases for travel, university fees, etc. The appointment will date 
from October Ist, 1957, or such other date as may be arranged 

rhe appointment will be made by the Executive not later than May 10th, 1957 

Application forms and copies of the General Regulations governing the Award may be 
obtained from The Secretary, Corday—Morgan Memorial Fund Executive, c/o The Chemical 
society, Burlington House, London, W.1 

\pplications must be received by the Secretary not later than March Ist, 1957 


THE ROYAL INSTITUTE OF CHEMISTRY THE MELDOLA MEDAL 

This medal is the gift of the Society of Maccabeans, and is normally awarded annually 
Ihe next award will be made early in 1957 to the chemist who, being a British subject and 
under 30 years of age at December 3lst, 1956, shows the most promise, as indicated by his 
or her published chemical work brought to the notice of the Council of the Royal Institute 
of Chemistry before December 31st, 1956 

No restrictions are placed upon the kind of chemical work or the place in which it is 
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conducted. The merits of the work may be brought to the notice of the Council, either by 
persons who desire to recommend the candidate or by the candidate himself, by letter 
addressed to The President, The Royal Institute of Chemistry, 30 Russell Square, London, 
W.C.1, the envelope being marked “ Meldola Medal.”’ 

lhe letter should be accompanied by six copies of a short statement on the candidate's 
career (date of birth, education and experience, degrees and other qualifications, special 
awards, etc., with dates) and of a list of titles, with references, of papers or other works 
published by the candidate, independently or jointly. Candidates are also advised to 
forward one reprint of each published paper of which copies are available. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for October, 1956. Such 
objections will be treated as confidential. The forms of application are available in the Library.) 


Balon, Anthony Derek John, B.Vharm. (Lond.). British. 30, Sherwood Road, London, N.W.4._ Ke 
earch Student, Signed by: A. F. Casy, A. H. Beckett 
Batres, Enrique. Mexican. Syntex, S.A., Apdo. Postal 2679, Mexico, D.F., Mexico Research 
Chemist Signed by; O. Mancera, F. A. Kincl 
Beanland, Eric, 13.5c. (Lond.). British. 11, Chequers Lane, Walton-on-the-Hill, Tadworth, Surrey 
Kesearch Chemist. Signed by; A. G, Lidstone, A. J. Lindsey 
Berkoff, Charles Edward, B.Sc. (Lond.). British. 10, British Street, Bow, London, E.3. Research 
bellow at Imperial College of Science & Technology. Signed by: H. T. Young, A. G. Cooper 
Brown, Barry Tebbutt, M.Sc. (Sydney) Australian. 200, Pacific Highway, Lindfield, N.S.W., Aus 
tralia, University Lecturer. Signed by: T. R. Watson, S. E. Wright 
Cossey, Hugh Douglas, 13.5c. (Lond.). British. 19, Top Park, Beckenham, Kent. Research Student 
igned by: ©. M, Atkinson, D. R. Goddard 
Cowell, David Brian, B.Pharm. and Ph.D. (Lond.), A.R.1.¢ British. 10, Upton Villas, Upton Road, 
Hexleyheath, Kent Lecturer at Chelsea Polytechnic Signed by: A. ¥. Casy, A. H. Beckett 
Di Giorgio, Joseph Brun, 4... (The Johns Hopkins Univ.). American. Department of Chemistry, 
The Johns Hopkins University, Baltimore 18, Maryland, U.S.A. Student, Signed by: A. Nickon, 
I J. MeCruire 
Groocock, John Michael, ..Sc. and Ph.D. (Lond.), D.L.C., A.R.C.S. British. 3, Dale Court, Homesdal: 
Koad, Bromley, Kent. Senior Scientific Officer with the Ministry of Supply. Signed by; P. J. | 
Griffiths, F, C, Tompkins. 
Grout, Raymond John, B.Pharm. (Notts.). British. 178, Cinderhill Road, Bulwell, Nottingham 
\ssistant Lecturer at Nottingham University. Signed by: T. J. King, F. C. Cooper. 
Hall, Charles Dennis, 1}.5c. (Lond.). British. 191, Charlestown Koad, Blackley, Manchester, 9. Ke 
earch Student at London University. Signed by; A.C. Farthing, K. G. A. New 
Maddern, Joseph Thomas. British. 17, Rectory Road, Stanley Green, Poole, Dorset. Power Station 
Chemist with Central Electricity Authority Signed by: T. F. McCombie, G. D. Muir 
Morcom, Kenneth Wintle, 1.5c. (Keading). British. Coppid House, Kectory Road, Wokingham, 
berk Kesearch Student at Reading University. Signed by: M. C. McGlashan, K. W. Allen 
Nishiwaki, Taro, 1.5c. (Tokyo Japanese. c/o Tokaryo, 5981 Banchi, 4-Chome, Kamiitabashi, 
Itabashi-ku, Tokyo, Japan. Postgraduate Student at Tokyo University Signed by: S. Yoshida, 
lar aka 
Robinson, Arthur Graham. Jritish. 21, Finchley Grove, Moston, Manchester, 10. Assistant Technical 
Manager Signed by: k. A. Duligal, B.S. Jackson 
Seyterth, Dietmar, 15.A. (Buffalo), M.A. and Ph.D. (Harvard). American. Department of Chemistry, 
Harvard University, 12, Oxford Street, Cambridge 38, Massachusetts, U.S.A Research Fellow 
igned by I’. G. A. Stone, L. N. Mulay 
Smith, Audrey Taylor, B.Sc. (Lond.), A.K.C.S. British. 77, Wintworth Road, Banstead, Surrey 
Vostgraduate Research Fellow at St. Mary's Hospital Medical School, W.2, Signed by: A. Neu 
berger, J]. J. Seott 
Swilt, Douglas, |}. Vharm. (Lond.). British. 136, Holland Road, London, W.14. Research Student 
igned by» A. H. Beckett, |. Walker 
Taylor, James Welch, 1).A. (Vanderbilt American. 1790, Brooks Road, Memphis, Tennessee, U.S.A 
(raduate Student at Georgia Institute of Technology. Signed by: E. Grovenstein, jun., J. Hine 
Theobald, David William, [ritish. The School House, Sandford-on-Thames, Oxford. Student at 
(Oxford University Signed by |. ©. Smith, M. L. Tomlinson 
Vaidyanathan, Chelakara Sivarama, Sc. and Ph.D. (Madras). Indian. Department of Botany, 
University College, Singleton Park, Swansea Senior Research Fellow Signed by : C. W. Shoppee, 
kk. k. Ayling 
Wagner, Peter Frederick, Sc. (Lond British. 2, Fordwich Road, Welwyn Garden City, Herts 
Assistant Analyst with Smith & Nephew Research Ltd., Ware. Signed by: F. J. Macrae, K. A 
Kerridge 
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PAPERS ACCEPTED 


(List of Papers accepted between August 28th and September 17th, 1956, 
for publication in the Journal.) 


‘‘ Adsorption from binary liquid mixtures on activated alumina.” By J. J. KipLine 
and D. B. PEAKALL. 

The infrared absorption spectra of the carbonyl group in methoxyanthraquinones, 
and in the hydrochlorides of a-methoxyanthraquinones."” By L. A. Wites and L. C, 
THOMAS. 

‘ Oxidation of organic compounds by solid manganese dioxide.”” By M. Z. BARAKAT, 
M. F. ABpEL WAHAB, and M. M. EL-Sapr. 

“ Observations on ammonium ferric disulphate dodecahydrate (ammonium ferric 
alum) and some of its derivatives." By Henry Bassett 

“A polarographic study of copper malonate complexes.” By E. Greties and G, H. 
NANCOLLAS, 

‘‘ Border-line mechanisms in nucleophilic displacement reactions."" By V, Gop. 

“A new and specific aromatisation reaction. Part II. Some further examples.”’ 
By P. A. Ropins and JAMES WALKER. 

‘The polycondensation of benzyl chloride catalysed by stannic chloride."’ By L. 
VALENTINE and R. W. WINTER. 

“ Kinetics of the decarboxylation of oxaloacetic acid.”’ By EK. GELLEs. 

‘ Syntheses in the quinazolone series. Part V. Synthesis of 7-oxobenzo|d|quinazo 
3: 2-b)thiazole 5 : 5-dioxide, and of 2-o-sulphamylpheny!-3H-quinazol-4-one.”" By Eprrn 
STEPHEN and HENRY STEPHEN. 

“ The preparation of 2-acyl-3-oxo-4 : 5-benzo-1 : 2-thiazoline 1: l-dioxides (N-acyl 
sacchaérins) for the identification of monocarboxylic acids.” By Epirn SrerHen and 
HENRY STEPHEN. 

‘‘ Phosphorescence and fluorescence of some aromatic nitroamines."” By R. Foster, 
D. Li. Hammick, G. M. Hoop, and A. C. E. SANDERS. 

‘ The denitration of N-methyl-N’-nitroguanidine.”” By Muriet L. Harpy, 

‘ Infrared spectra of natural products. Part VI!. The characterization of equatorial 
and axial 3-hydroxyl groups in triterpenoids.’’ By (Miss) I. L. Attsop, A. R. H. Core, 
D. E. Wuitre, and R. L. S. WILLIx. 

‘ The formation of osazones during attempted Fischer indole syntheses.” By D, A. 
KINSLEY and (the late) S. G, P. PLANT. 

“ Organic peroxides. Part VII. The alkylation of hydrogen peroxide and alkyl 
hydroperoxides with ethers.” By ALwyn G. Davies and R. Fen. 

“ Steroids and Walden inversion. Part XXXY. Solvolysis of cholesteryl toluene 
p-sulphonate with thiophenoxide ions.’’ By C. W. Suoppre, H. C. Ricnarps, and G. H. R. 
SUMMERS. 

“Steroids and Walden inversion. Part XXXVI. NN-Dimethylcholest-7-en-3a-yl 
and -36-ylamines.”” By D. E. Evans and G. H. R. Summers. 

‘ Quassin and neoquassin. Part V.”" By KR. J. 5. Beer, B. G. Dutton, D. B. Jaguiss, 
ALEXANDER ROBERTSON, and W. E. SAVIGE. 

‘ Experiments on the preparation of indolocarbazoles. Part IX. The preparation 
of 9-methylindolo(2’ : 3’-1 : 2)carbazole."” By R. J. Brunton, F. K. Drayson, (the late) 
S. G. P. Plant, and Murer L. TomMitnson. 

‘ Quantitative microestimation of formaldehyde in the presence of periodate and its 
application to the structural examination of carbohydrate phenylosazones."” By L 
Houau, D. B. Powe z, and B. M. Woops. 

Structure and reactivity of the oxy-anions of transition metals. Part II. In- 
vestigations by electron-spin resonance.” By A. Carrincron, D. J. E. Incram, D. 
SCHONLAND, and M. C, R. Symons. 

‘ Aryldihydroresorcinols. Part IJ. The influence of the nitro-group in dihydro 
5-o-nitrostyrylresorcinol.”” By E. E. Aytine and D. A. Davigs. 


‘ Nucleotides. Part XX XIX. 
lographic study.” 


‘ Electrophilic substitution 


and D.S. Urcu. 


“ The action of tin and hydrochloric acid on p-dialkylaminobenzaldehydes. 
By Freperick H. C 


The mechanism of the reaction.”’ 


“ Urinary steroids and related compounds 


androsterone.”’ 


ADDITIONS TO 


Chemical engineering practice, edited by 
H. W. Cremer. Vol. I General Sutter 
worths Scientific Publications, 1956 Pre 
sented by the Editor.) 

Chemical engineering 
H.W.Cremer. Vol. II 
worths Scientific Publications, 
sented by the Editor.) 

Organic chemistry, by |. L 
2. Stereochemistry and the 
natural products. Longmans, Green & 
1956. (Presented by the Author.) 

Handbuch der analytischen Chemie, edited 
“by W. Fresenius and G, Jander. Vol. 2 
Qualitative Nachweisverfahren. Part 4aB, 
Elemente der Vierten Hauptgruppe I] 
Germanium; Zinn, edited by H. Haraldsen 
Springer-Verlag. 1956. 

Handbuch der analytischen Chemie, edited 
by W. Fresenius Jander Vol. 3 
Quantitative Bestimmungs-und 
methoden Part 3aB/3b, Elemente det 
dritten Hauptgruppe, II, und der dritten 
Nebengruppe. Gallium, Indium, etc.; edited 
by A. Brukl, etal, 2ndedn. Springer-Verlag 
1956 

Microrecording industrial 
applications, by C. M. Lewis and W. H. Offen 
Publishers, In 


practice, edited by 
Solid State. Butter 
1956 (Pre 


binar 
chemistry 


and G 
lrennung 


and - library 
hauser, 
1956 
Reports on progress in physics. Vol. 18 
1955. Physical Society. 1955 
Reports on progress in physics. Vol. 19 
1956. Physical Society, 1956 
Photosynthesis and related processes, by 
E. I. Rabinowitch. Vol. 2. Part 2. Inter 
science Publishers, Inc 1956 
Chemistry of carbon compounds 


jun. Interscience 


{ 
i moouern 


5'-Deoxy-5'-iodo-O# : 2’-cyclouridine : 
By D. M. Brown, W. Cocuran, E. H. Mepitn, and S. VARADARAJAN. 
Part VIII 
method of ultraviolet spectrophotometric analysis of mixtures.” 


of Theoretical Chemistry 
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an X-ray crystal- 


The nitration of dibenzofuran and a new 
By M. J. S. Dewar 


Part | 
STEWART 
Part I. 11l-Substituted derivatives of 


By W. KLYNE and SHeILA RIDLEY 


THE LIBRARY 


comprehensive treatise, edited by E. H. Rodd 
Vol, 3. Part B Aromatic compounds 
Elsevier Publishing Co. 1956 

The Canadian Petrochemical Industry, by 
Shell Oil Co. of Canada, Ltd., Chemical 
Division. Ryerson Press. 1956. (Presented 
by Shell Petroleum Co., Ltd.) 

Acta Metallurgica 1953, Vol. 1, No. 1 
New periodical.) Pergamon Press, Inc.,U.S.A 

Boletim do Departamento de Quimica. Uni 
versidade de Sao Paulo. Escola Politécnica 
1955. No.1. (New periodical.) Universidade 
de Sao Paulo 

Proceedings of the Academy of Sciences of 
the U.S.S.R Agvrochemistry, (Trans 
lation of section of Doklady). 1956, Vol. 106, 
No. 1. (New periodical.) Consultants Bureau, 
Inc., New York 

Proceedings of the Academy of Sciences of 
the U.S.S.R. Section : Geochemistry. (Trans 
lation of section of Doklady.) 1956, Vol. 106, 
No. 1. (New periodical.) Consultants Bureau, 
Inc., New York 

Revista de la Facultad de Quimica 
versidad Nacional Mayor de San Marcos 
1956, Vol. 7, No. | Universidad Nacional 
Mayor de San Marcos, “ Editorial San Marcos,”’ 
Lima, Peru 
and Plastics Age 1956, Vol. 37, 
No. 8 Rubber Technical Press, Ltd., 
London. (Presented by the Publishers.) 

Science Reports of the Society for the Research 
Japan, 1955, Vol. 1, 
No. 1. (New periodical.) Society for the 
Research of Theoretical Chemistry, Kinki 
University, Osaka-fu, Japan. (Presented by 
the publfshers. ) 
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PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


SCIENTIFIC MEETINGS DURING JANUARY, 1957 
LONDON. 


Thursday, January i7th, 1957, at 7.30 p.m. 


The following papers will be presented 
“ The Kinetics of the Rearrangement and Oxidation Reactions of Hyd 
azobenzene in Solution.’ By D. A. Blackadder. 


“ The Réle of the Solvent, Catalyst, and Co-catalyst in the SnCl,-catalysed 
Polymerisation of Styrene."’ By R. O. Colclough. 


“The Decomposition of Lead Tetra-acetate in Acetic Acid.” By L. H. 
Sutcliffe. 


To be held in the Rooms of the Society, Burlington House, W.1. Abstracts of 
the papers may be obtained from the General Secretary. 


BIRMINGHAM. 
Friday, January 18th, 1957, at 4.30 p.m. 


Lecture, The Structure and Chemistry of the Living Cell, by Dr. T. S. Work, B.Sc. 
Joint Meeting with Birmingham Univer-ity Chemical Society to be held in the 
Chemistry Department, The University 


Friday, January 25th, 1957, at 4.30 p.m. 


Lecture, Some Recent Studies in Relation to Biosynthesis, by Professor A. J. Birch, 
D.Phil. Joint Meeting with Birmingham University Chemical Society to be 
held in the Chemistry Department, The University. 


BRISTOL. 
Thursday, January 17th, 1957, at 7 p.m 


Lecture, Some Aspects of Radiation Chemistry, by Professor F. 5. Dainton, M.A., 
Ph.D. Joint Meeting with the Royal Institute of Chemistry and the Society 
of Chemical Industry, to be held in the Chemistry Department, The University. 


CAMERIDGE. 
Monday, January 21s, 1057, at 8.30 p.m 


Lecture, Radiation—Chemical Reactions in Aqueous and Non-aqueous Solutions, 
by Dr. E. Collinson, M.A. To be given in the University Chemical Laboratory, 
Pembroke Street. 


EDINBURGH. 


Thursday, January 10th, 1957, at 7.30 p.m. 


Lecture, Chocolate Manufacture with Special Reference to Cacao Constituents, 
by Mr. H. B. Brown, Joint Meeting with the Royal Institute of Chemistry, 
the Society of Chemical Industry, and the Food Group of the Society of Chemical 
Industry, to be held at the North British Station Hotel 


LEEDS 
Monday, January 14th, 1957, at 6.30 p.m. 


Royal Institute of Chemistry Lecture, Problems of Air Pollution, by Mr. G. Nonhebel, 
B.A., B.Se., F.R.LC. To be given in the Chemistry Lecture Theatre, The 
University. (All Fellows are invited.) 


Monday, January 2\st, 1957, at 7.0 p.m. 


Society of Chemical Industry Lecture, Fibre Science and Leather Production, by 
Dr. H. Phillips, F.R.L.C. To be given in the Chemistry Lecture Theatre, The 
University. (All Fellows are invited.) 


MANCHESTER 


Wednesday, January 16th, 1957, at 6.30 p.m. 


Lecture, Studies of Knock and Anti-knock by Kinetic Spectroscopy, by Professor 
R. G. W. Norrish, Se.D., Ph.D., F.R.LC., F.R.S. Joint Meeting with the 
Royal Institute of Chemistry and the Society of Chemical Industry, to be held 
in the Chemistry Lecture Theatre, The University. 


NEWCASTLE AND DURHAM 
lriday, January 25th, 1957, at 5.30 p.m. 


Bedson Club Lecture, Polymerisation in Heterogeneous Systems, by Professor 
C, E. H. Bawn, Ph.D., F.R.S. To be given in Chemistry Building, King’s 
College, Newcastle upon Tyne, 1. (All Fellows are invited.) 


NORTHERN IRELAND. 


Tuesday, January 28th, 1957, at 7.15 p.m. 


Lecture, Paint Research Electron Microscopy and Related Techniques, by Mr. T. Kk 
Bullett, B.Se., A.Inst.P. Joint Meeting with the Royal Institute of Chemistry 
and the Society of Chemical Industry, to be held at The Queen’s University, 
Selfast. 


NOTTINGHAM AND LEICESTER. 


Monday, January 21st, 1957, at 4.30 p.m. 
Lecture, Some Recent Developments in Free-radical Chemistry, by Professor D. H. 
Hey, D.Se., Ph.D., F.R.LC., F.R.S. Joint Meeting with the Chemical Society 
of the University College of Leicester to be held at University College, Leicester 


Tuesday, January 22nd, 1957, at 4.45 p.m. 

Lecture, Old Metals and New Valencies, by Professor R. S. Nyholm, D.Se., Ph.D., 
F.R.LC, Joint Meeting with Nottingham University Chemical Society to be 
held in the Lecture Theatre, Chemistry Department, The University, 
Nottingham. 


SHEFFIELD. 
Thursday, January \7th, 1957, at 7.30 p.m 


Lecture, Modern Inorganic Stereochemistry, by Professor R. S. Nyholm, Ph.D., 
D.Se., F.R.LC. Joint Meeting with Sheffield University Chemical Society 
to be held in the Chemistry Lecture Theatre, The University. 


SOUTHAMPTON. 
Friday, January 18th, 1957, at 5.0 p.m. 


Lecture, Structure Action Relationships of Hypotensive Drugs, by Dr. H. R. Ing, 
F.R.S. Joint Meeting with the University Chemical Society to be held in the 
Chemistry Department, The University. 


OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regrets to announce the deaths of the following Fellows : 


Elected. Died. 

Clarence Pridmore Andrew (Johannesburg) May 6th, 1920 Aug. 26th, 1956. 
Kobert William Kinkead (Lisburn) May 5th, 1921. July 26th, 1956. 
are rag Leathes (Oxford) = 2Ist, 1900. Sept. 14th, 1956. 

tichard May (London, W.5) une 15th, 1889. Aug. 23rd, 1955 
Vallilyil Govindan Nair (Malabar) Dec. Ist, 1910. April, 1956. 

Isaac Stern (London, S.E.11)  .....sccceseseseesees .. Sept. 17th, 1942 Aug. Ist, 1956. 
The Council also regrets to announce the death on October 8th of Mr. A. E. Cummins, 

former Librarian. An obituary notice will be published. 


ELECTION OF NEW FELLOWS. 
The following 33 candidates were elected to the Fellowship on October 18th, 1956 : 


Khalil Ahmed, Ezio Merler 

Douglas MacDonald Watt Anderson Hanan Meyer 

William Charles Bailey, jun, Edward Kobert Monks. 
Leslie Oliver Barker Robert Douglas Hutton Murray 
Raymond Philip Bayer Tatsuo Ohta. 

Robert William Bayer. Morris Pollack. 

Robert R. Becker. William S. Seese 

Hans Rudolph Corrodi Murray Joel Sher. 

Heinrich Eggers Arthur Walter Slater. 

George Edward Gream Thomas McLeod Spotswood 
Eileen Violet Heaps Sheila Ann Taylor 

William ©. Hull Ann Margaret Thomas 
Robert Alexander Walker Johnstone Leslie M. Werbel 

DeWitt C. Knowles, jun ohn Michael Whitcutt. 
Maria Elisabeth Kreling ‘isworth Dow Whitney. 
— Clayton Little Richard Edward Wilde, jun. 
Jonald Campbell McKean 


CORDAY-MORGAN MEDAL AND PRIZE. 

This award, consisting of a Silver Medal and a monetary Prize of 200 Guineas, is made 
annually to the chemist of either sex and of British Nationality who, in the judgment of the 
Council of the Chemical Society, has published, during the year in question, the most 
meritorious contribution to experimental! chemistry, and who has not, at the date of public 
ation, attained the age of thirty-six years. 

Copies of the rules governing the Award may be obtained from the General Secretary 
of the Society. Applications or recommendations in respect of the Award for the year 
1955 must be received not later than December 31st, 1956, and applications for the Award 
for 1956 are due before the end of 1957. 


LIBRARY. 


The Library will be closed from | p.m., Saturday, December 22nd, until 10 a.m., Friday, 
December 24th, 1956, 


AMERICAN CHEMICAL SOCIETY PUBLICATIONS 1957. 


The non-member prices of American Chemical Society publications for 1957 are given 
in the Table. The domestic subscription rates given in the table apply to subscribers 
in the United States and Canada only. 

Under a reciprocal agreement Fellows of the Chemical Society may enter subscriptions 
to the journals published by the American Chemical Society at a discount of 10 per cent 


from the non-members’ rates. 
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This discount does not apply to Chemical Abstracts, which 


is no longer published as a periodical but is authorised and priced as a service, 
All enquiries should be addressed to The American Chemical Society, 1155 Sixteenth 
Street, N.W., Washington, 6, D.C., U.S.A. 


Title 
Chemical Abstracts Ser- 
vice with Indexes 


Chemical Abstracts Ser- 
vice without Indexes 


Industrial and Engin 
eeving Chemistry 

Chemical and E-ngineer- 
ing News 

Journal of Agricultural 
and Food Chemistry 

Analytical Chemistry 


Journal of the American 
Chemical Society 

The Journal of Physical 
Chemistry 


Subscription 
classification 


Colleges and Universities * 


(Foreign or Domestic) 
All Others 
(Foreign or Domestic) 


Colleges and Universities * 


(Foreign or Domestic) 
All Others 

(Foreign or Domestic) 
Domestic and Canadian 
Foreign except Canada 
Domestic (ditto) 
Foreign (ditto) 
Domestic (ditto) 
Foreign (ditto) 
Domestic (ditto) 
Foreign (ditto) 
Domestic (ditto) 
Foreign (ditto) 
Domestic (ditto) 
Foreign (ditto) 


Subscription rates 

l 2 
year years 
$80.00 None 


350,00 
65.00 
320.00 


5.00 
15.00 
6.00 
15.00 
6.00 
12.00 
5.00 
15.00 
30.00 
30.00 
16.00 
16.00 


$8.00 $11 
27.50 
10.00 
27.50 
11.00 
22.00 
900 
27.50 
None 


3 


years 
None 


40.00 
14.00 
40.00 
15.00 
30.00 
12.00 
40.00 
None 


Postage extra, 
yearly 

Foreign. Canadian 

$3.00 $1.00 


None None 


2.40 O80 


None None 
0.00 
2.70 

100 
3.00 - 
0.50 
1.50 

0.50 
1.50 

1.10 
3.30 

0.40 
1.20 


The Journal of Organic Domestic (ditto) 25.00 0.50 


Chemistry Foreign (ditto) 25.00 zi ms 1.50 , 
* Teaching institutions are required to sign a certificate that the teaching or training of students 
is their principal object 
All American Chemical Society journals and services are available to its Members at special prices 
which are available on request. No discount is given on Member subscriptions 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on Thursday, October 18th, 1956, at 7.30 p.m. 
The President, Proressor E. L. Hirst, M.A., D.Sc., F.R.S., was in the Chair. 


MINUTES. 


The Minutes of the Scientific Meetings held at Burlington House on June 7th and at the 
University College of North Staffordshire, Keele, from July 16th to 19th, circulated in 
the Proceedings for July and August, respectively, were taken as read, and were confirmed 
and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society : RK. J. W. Cremlyn, T. R. Layzell, 
Douglas W. Russell, J. J. Lawler, S. S. Brown. 


SCIENTIFIC COMMUNICATIONS. 
The following papers were presented : 
‘ Hydroaromatic Steroid Hormones. 
By A. J. Birch and Herchel Smith. 
“The Reduction of Diphosphopyridine Nucleotide and Some Model Compounds by 
means of X-Rays.’’ By G. Stein and A. J. Swallow. 


Part V. Some p-Homo-18 : 19-bisnorsteroids.” 
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 By-ways of Synthesis of Cortisone from Hecogenin. Part [. 9Dehydrohecogenin 
as Intermediate in the Preparation of 11-Oxygenated Compounds (11-Oxotigogenin and 
36-Acetoxy-5a-pregnan-17a-ol-11 : 20-dione). Part II. A Route to 11-Oxygenated Com 
pounds through 11-Bromo-5a-pregnane-38 : 206-diol-12-one Diacetate.”’ By R. K. Callow 
and V, H. T. James 


Minutes of a 
SCIENTIFIC MEETING 


held in the College of Technology, Manchester, on Friday, 
October 19th, 1956, at 6.30 p.m. 


rhe resident, Proressor E. L. Hirst, M.A., D.Sc., F.R.S., was in the Chair. 


Professor H. N. Rydon welcomed the Society to the College of Technology, Manchester, 
and the President replied. 


FORMAL ADMISSION OF FELLOWS. 


rhe following were admitted Fellows of the Society: G. D. Meakins, H. L. Roberts, 
W. W. Jones 


LECTURE, 


The President called upon Dr. S. C. Abrahams to deliver a lecture entitled “ Recent 
Studies in the Stereochemistry of Sub-group VIB.”’ At the conclusion of the Lecture a vote 
of thanks to Dr. Abrahams, proposed by Dr. F. Fairbrother, was carried with acclamation 


LIST OF APPLICATIONS FOR FELLOWSHIP 


( Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for November, 1956. Such objections 
will be treated as confidential The forms of application ave available in the Library.) 


Alderson, Geoffrey Winton, B.A. (Cantab.), British. Gonville and Caius College, Cambridge. Research 
Student Signed by; G. W. Kenner, V. M. Clark 

Ardon, Michael, M.Sc. (Jerusalem). Israeli. Batei Biberman, Block II, Jerusalem, Israel. Senior 
Assistant at The Hebrew University, Jerusalem. Signed by: E. A. Halevi, H. J. G, Hayman 

Asolkar, Gopal Vishvanath, M.Sc. and Ph.D. (Nagpur). Indian. University Chemical Laboratory, 
Lensfield Road, Cambridge. Research Student Signed by: H. J. Emeléus, R. N. Haszeldine 

Ashworth, John, M.Sc.Tech. (Manc.), A.M.T.C. British. 29, Malvern Avenue, Preston. Head of 
lextiles Department, Harris Institute Technical College, Preston. Signed by: L. A. Whalley, 
H. Brown 

Baker, James Albert, 1}.Sc. and Ph.D. (Lond.), A.R.LC. British. 92, Farm Hill, Woodingdean, 
Brighton 7. Senior Lecturer in Pharmaceutical Chemistry. Signed by: A. R. Rogers, J. S. Coe 

Bean, Peter John, Sc. (Bris.). British. 50, Catherine Street, Salisbury, Wilts. Student at Bristol 
University Signed by: A.C. M. Finch, P. Woodward 

Behr, Omri Marc Nathan, B.A. (Oxon.). British. 2, Telegraph Hill, Platts Lane, London, N.W.3. 
Kesearch Student. Signed by: R. E. Richards, T. G. Halsall 

Betts, Brian Ernest, B.Sc. (Lond.). British. St. Edmunds, Cruthavon Rise, Witham, Essex. Re- 
search Student Signed by: G. R. Ames, W. Davey 

Blackburn, George Michael, B.A. (Cantab.) British. Chemistry Department, The University, Notting- 
ham. Post-graduate Student. Signed by: R. J. Martin, G. Read 

Burrell, John William Kidman, 8.Sc. (Lond.), A.K.C.S. British. 164, Widmore Road, Bromiley, 
Kent. Research Student at Imperia! College. Signed by: L. Crombie, J. A. Elvidge 

Chapman, Frederick Brian, 1..Sc. (Lond.), A.R.C.S. British. Standeven House, Broomfield Avenue, 
Halifax Postgraduate Research at Imperial College Signed by: J. A. Elvidge, P. W. G. Smith 

Coleman, Lester Earl, jun., B.S. (Akron), M.S. and Ph.D. (Illinois). American. 4217, Brenau Avenue, 
Apt. 3, Dayton 9, Ohio, U.S.A. Project Engineer and Research Chemist, U.S. Air Force. Signed 
by: H. Rosenberg, J. F. O'Brien 

Corran, John Anthony, B.Sc. (Liv.), AR.1.C. British. 13, Boundary Drive, Hunts Cross, Woolton, 
Liverpool Research Student at Liverpool University Signed by: A. Mee, D. A. H. Taylor. 
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Crimmin, Willizm Robert Charles, B.Sc. and Ph.D. (Wales), A.R.LC. British. Lister Institute of 
Preventive Medicine, Chelsea Bridge Road, London, S.W.1 Research Assistant. Signed by 
G. M. Gray, S. A. Warsi. 

Culling, Gerald Charles. (Gritish. 24, Aintree Crescent, Barkingside, Uford, Essex. Student. Signed 
by: J. P. Jones, T. J. Barnes 

Davies, David Rowland. British. 33, Brook Street, Luton, Beds Student at Queen Mary College 
Signed by: K. W. Sykes, T. R. Layzell. 

Despic, Alexander, Ph.D. (Lond.), D.C. Yugoslav. Carla Caplina 38, Beograd, Yugoslavia. Uni- 
versity Assistant. Signed by: G. J. Hills, J. A. Kitchener 

Dinwoodie, Andrew Harper, B.A. (Cantab.). British. 32, Swinburne Street, Derby. Research Student, 
Signed by: R. N. Haszeldine, D. W. A. Sharp. 

Dunstan, Francis Elliott. British. The Union, Edgbaston Park Road, Birmingham, 15. Student 
at Birmingham University. Signed by: J. C. Tatlow, J. Sheridan 

Feltham, Robert Dean, B.S. (New Mexico). American. 926, Gill Court, Albany 6, California, U.S.A 
Student at California University, Signed by: M. Calvin, M. Look 

Fischer, Albert Karl, M.A. (Harvard). American. Perkins Hall, Room 47, Harvard University, 
Cambridge 38, Massachusetts, U.S.A. Graduate Student. Signed by: H. D. Kaesz, F. G. A 
Stone. 

Gardner, Joan Dorothea. British. 55, Links Road, Tooting, London, S.W.17. Secretary and Research 
Assistant in Printing and Paper Technology. Signed by: L. G. Luker, D. M. Freeland 

Godin, Peter John, 8.Sc. (Lond.), A.R.C.S. British. 53, Colbourne Way, Worcester Park, Surrey, 
Research Student at Imperial College. Signed by: L. Crombie, J. A. Elvidge. 

Goodgame, David Martin Lawrence. British. Great Hil! Plantation, Wigginton, Nr. Tring, Herts 
Student. Signed by: R. E. Richards, D. E. Hayler 

Hamied, Yusuf K. Indian. Christ's College, Cambridge. Student. Signed by: R. N. Haszeldine, 
P. Maitland 

Hardegger, Emil. Swiss. Lufingen (ZH), Zwitzerland. Professor of Organic Chemistry. Signed by 
B. G. Engel, L. Ruzicka. 

Harris, Adelaide, M.Sc. (Liv.), A.R.I.C. British. 23, Archerfield Road, Liverpool, 18. Demonstrator 
at Liverpool University. Signed by: W. B. Whalley, A. McGookin 

Huitric, Alain C., Ph.D. (California). American. College of Pharmacy, University of Washington, 
Seattle 5, Washington, U.S.A. Assistant Professor. Signed by: H. J. Dauben, A. G. Anderson 

Kennedy, Thomas, B.Sc. (Gias.). British. 58, Dunchurch Road, Oldhall, Paisley, Renfrewshire, 
University Demonstrator. Signed by: D.S. Payne, J. Bell 

Kettle, Sidney Francis Alan, .Sc. (Leeds). British. The University Chemical Laboratories, Lensfield 
Road, Cambridge. Research Student. Signed by: K. N. Haszeldine, J. D. Smith 

Lightman, Paul. British. 66, Finchley Court, Ballards Lane, Finchley, London, N34. 
Signed by: W. J. Hickinbottom, K. W. Sykes 

Lubienski, Andrzaj Maria, B.Sc. (Lond.). Polish. 10, Auriol Mansions, London, W.14. Kesearch 
Student at Acton Technical College. Signed by: P. H. Gore, 5. C. Bevan 

Massey, Alan Gibbs. British. 33, Ripon Road, Ansdell, Lytham-St. Annes, Lancs Student at 
Liverpool University. Signed by: A. K. Holliday, A. Hickling 

Morison, Elizabeth Ann, B.A. (Oxon), British. 57, Evelyr Gardens, London, $.W.7. Chemist with 
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“ Fading and tendering activity in anthraquinonoid vat dyes. Part III. Free- 
radical production and probable reaction mechanisms.’’ By J. J. Moran and H. I 
STONEHILL. 

‘‘ Synthesis of new sugar derivatives of potential antitumour activity. PartI, Ethyl! 
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Steric effects in the oxidation of hexitols with periodate.” By J. C. P. Schwarz. 
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 Carcinogenic nitrogen compounds. Part XXI. New alkyl homologues of phen- 
anthridine, benzacridines, and related nuclei.’ By No. Pu. Buu-Hoil, P. Jacguicnon, 
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‘ Conductimetric studies in ketonic solvents.” By S. R. C. HuGHeEs. 
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‘ Organosilicon compounds. Part XX. Trimethyl-p-nitrophenylsilane.” By F. B. 
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‘ 3-Hydroxyphenylpyruvic acid.” By R. M. AcnEson. 
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“Solvent extraction studies with polonium.” By K. W. BaGnatt and D., S., 
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‘ Autoxidation of polyphenols. Part I. Autoxidation of methyl gallate and its 
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“ The action of nitrosyl chloride on certain silicates.’ By I. R. Bearrig. 

“ The degradation of carbohydrates by alkali. Part XIV. 3: 6-Anhydro-p-glucose.”’ 
By W. M. Corpett and J. Kenner. 

“ The effect of solvent on a simple ion-dipole reaction. Part 2. The rate of the methyl 
iodide—iodide ion exchange in five different solvents."’ By E. R. Swart and L. J. Le 
Roux. 

“ Extension of the Diels-Alder reaction to monocyclic benzenes: Addition of maleic 
anhydride to quinol.”” By R. C, Cookson antl N.S. WARIYAR. 

“ Studies in relation to biosynthesis: Part IX. The structure of spherophysine.”’ 
By A. J. Bircu, D. G. Pettit, and R. Scnorrecp. 

‘“ Studies in relation to biosynthesis. Part X. A synthesis of lumichrome from 
non-benzenoid precursors.” By A. J. Brrcu and C. J. Move. 

“ Addition compounds of gallium trichioride. Part II. Gallium trichloride-phos 
phorus oxychloride.” By N. N. Greenwoop and K. Wave. 

“ An investigation of the Gibbs reaction and its bearing on the constitution of 
jacareubin.”” By F. E. Kine, T. J. Kine, and L. C. MANNING. 

‘‘ Synthesis of (+-)-ophiocarpine.” By T. R. Govinpacnari and S, Rajapurat 

‘Chemical investigation of Wedelia calendulacea. Part I]. The position of the 
methoxyl group in wedelolactone.” By T. R. Govinpacnari, K. NAGARAJAN, B. R. Pat, 
and P. C. PARTHASARATHY. 
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‘ Adsorption from binary liquid mixtures on silicic acid gel. 


and G. S. MILL 


‘ Hydrolysis of amides and related compounds, 
2. 5-dione, and gelatin in concentrated hydrochloric acid.”’ 


MEACOCK 


The rearrangement of furfuryl alcohol to methyl lavulate.”’ 
The addition of ethyl diazoacetate to sorbic esters: a correction.” 


Part Il." By D.C. Jones 


Part II]. Acetylglycine, piperazine- 
By |. T. Epwarp and S.C, R 


By K. G. Lewis. 
By Martin G 


Erriincer, S. H. Harper, and FLynt KENNEDY. 
“The preparation of 9: 10-di-(4-carboxybutyl)anthracene and related reactions.”’ 


sy K. JASPER CLARK. 


Chemical examination of Wedelia calendulacea. 


Part Ill. Synthesis of tri-O-methyl- 


wedelolactone.” By T. R. Govinpacnari, K. NAGARAJAN, and P. C, PARTHASARATHY. 
By T. R. Govinpacuari, N.S. NARASIMHAN, 


‘‘ Some degradation studies of carpaine.”’ 
and S. RAJADURAL. 


‘ Synthesis of ethyl carpyrinate."’ By T. R. Govinpacnanri, N. S. NARASIMHAN, and 


S. KAJADURAI. 


‘Structure and reactivity of the oxyanions of transition metals. 
relations between electronic spectra and structure.”’ 


and M. C, R. Symons. 
The quinquevalent fluororhenates.”’ 


Part IV. Some 
By A. Carrincton, D. SCHONLAND, 


By R. D. Peacock. 


ADDITIONS TO THE LIBRARY 


lraining of literature chemists ; papers pre- 
sented before the Division of Chemical Educa 
tion and the Division of Chemical Literature 
at the 127th national meeting of the American 
Chemical Society, Cincinnati, 1955. (Ad- 
vances in Chemistry Series, No. 17.) American 
Chemical Society. 1956. 

A key to pharmaceutical and medicinal 
chemistry literature; papers presented before 
the Divisions of Chemical Literature and 
Medicinal Chemistry at the 124th and 126th 
national meetings of the American Chemical 
Society, 1053 and 1954. (Advances in Chemis- 
try Series, No. 16.) American Chemical 
1956 

Medicinal chemistry, edited by F, F. Blicke 
and C, M. Sutey. Vol. Il. A series of reviews 
prepared under the auspices of the Division 
of Medicinal Chemistry of the American 
Chemical Society. John Wiley & Sons, Inc 
1056 ° 

1955 Kook of ASTM standards including 
tentatives. 7 Parts and index. American 
Society for Testing Materials. 1955—56 

Polyesters and their applications, by Bjork- 
sten Research Laboratories, Inc., J. Bjork 
sten, H. Tovey, B. Harker, and J. Henning 
Keinhold Publ. Corp, 1956, 

Iransport processes in applied chemistry : 
the flow of physical properties in chemical 
reactors, by R. C. L. Bosworth. Sir Isaac 
Pitman and Sons, Ltd. 1956. (Presented by 
the Publishers. ) 


society. 


Flow of gases through porous media, by 
P, C, Carman, Butterworths Scientific Pub- 
lications, 1956 

Valency and molecular structure, by E 
Cartmell and G. W. A. Fowles. Butterworth 
Scientific Publications. 1956. 

The chemistry and mode of action of plant 
growth substances; proceedings of a sym- 
posium held at Wye College, 1955; edited by 
k. L. Wain and F. Wightman. Butterworths 
Scientific Publications, 1956. 

Cumming and Kay, quantitative chemical! 
analysis, edited by K. A. Chalmers. 11th edn 
Oliver and Boyd, 1956. (Presented by the 
Publishers.) 

Androgens; biochemistry, physiology, and 
clinical significance, by R. I. Dorfman and 
R. A. Shipley. John Wiley & Sons, Ltd 
1956 

Catalysis. Vol. IV. Hydrocarbon synthe 
sis, hydrogenation and cyclization, edited by 
P. H. Emmett. Reinhold Publ. Corp. 1956 

Annual review of physical chemistry, edited 
by H. Eyring, C. J. Christensen, and H. S 
Johnston, Vol. 7. Annual Reviews, Inc 
1956. (Presented by the Publishers.) 

Currents in biochemical research, 1956, 
edited by D. E. Green. Interscience Pub 
lishers, Inc. 1956 

Essays in biochemistry written in honor of 
Hans Thacher Clarke, edited by S. Graff 
John Wiley & Sons, Inc. 1956. 

Chemical safety supervision, by J. Guelich 
Reinhold Publ. Corp. 1956. 
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Principles of fungicidal action, by J. G 
Horsfall. Chronica Botanica Co, 1956. 

Hutchison’s food and the principles of 
dietetics; revised by V. H. Mottram and 
G. Graham. I1lth edn. Edward Arnold Ltd 
1956. 

The determination of toxic substances in 
air; a manual of I.C.I, practice, edited by 
N. Strafford, C. R. N. Strouts, and W. V. 
Stubbings, and produced by the Analytical 
Chemists’ Committee of Imperial Chemical 
Industries Limited. Heffer. 1956. 

Experimental thermochemistry; measure- 
ment of heats of reaction, edited by F. D. 
Rossini and prepared under the auspices of 
the International Union of Pure and Applied 
Chemistry by the Subcommission on Experi- 
mental Thermochemistry. Interscience Pub- 
lishers, Inc. 1956. 

Petroleum refining with chemicals, by V. A. 
Kalichevsky and K. A. Kobe. Elsevier. 
1956. 

Feinstruktur-untersuchungen an_ kiinst- 
lichen Zelilulosefasern verschiedener herstel- 
lungsverfahren. Teil2. Der Kristallisations- 
zustand. (Forschungsberichte des Wirtschafts- 
und Verkehrsministeriums Nordrhein-West- 
falen. No. 261.) Westdeutscher Verlag. 
1956. (Presented by the Publishers.) 

Tables of physical and chemical constants 
and some mathematical functions, originally 
compiled by G. W, C, Kaye and T. H. Laby. 
Now prepared under the direction of an 
editorial committee, with Professor N. Feather 
as chairman. Ilth edn. Longmans, Green 
and Co, 1956. 

Thermochemical data of alloys, by O 
Kubaschewski and J. A. Catterall, Perga- 
mon Press. 1956. 

The chemistry of cement and concrete, by 
F. M. Lea. 2nd edition of Lea and Desch., 
Edward Arnold Ltd. 1956. 

Combustion processes, edited by B, Lewis, 
R. N. Pease, and H. S. Taylor. (High Speed 
Aerodynamics and Jet Propulsion. Volume 
II.) Oxford Univ. Press, 1956. 

The chemistry of phenolic resins; the 
formation, structure, and reactions of phenolic 
resins and related products, by K. W. Martin 
John Wiley & Sons, Inc. 1956. 

lon exchange technology, edited by F. C 
Nachod and J. Schubert. Academic Press 
Inc. 1956, 


The agricultural value of phosphate fertil- 
isers which economise in the use of sulphuric 
acid; report on a study, by Dr. G. W. Cooke 
Project No. 162. Organisation for European 
Economic Co-operation. European Produc 
tivity Agency. 1956. (Presented by the 
Publishers.) 

Nouveau traité de chimie minérale; edited 
by Paul Pascal. Vol. X. Azote-Phosphore, 
by R. Dubrisay and P. Pascal. Masson et 
Cie. 1956, (Presented by the Publishers.) 

Polyethylene, by R. A. V. Raff and J. B. 
Allinson. (High Polymers. Vol. XI.) Inter- 
science Publishers, Inc. 1956. 

Treatise on inorganic chemistry, by H 
Remy. Translated by J. S. Anderson and 
edited by J. Kleinberg. Volume II, Sub- 
groups of the periodic table and general 
topics. Elsevier, 1956, 

Sodium ; its manufacture, properties, and 
uses, by M. Sittig. (American Chemical 
Society Monograph Series, No. 133.) Rein- 
hold Publ. Corp. 1956. 

A life of Sir William Ramsay, by M, W. 
Travers, Edward Arnold Ltd. 1956. 

Mass-transfer operations, by R. E. 
bal. McGraw-Hill, 1955. 

Chromium, Vol, 1. Chemistry of chrom- 
ium and its compounds, by M. J. Udy. 
(American Chemical Society Monograph Series 
No. 132.) Reinhold Publ. Corp, 1956, 

Handbook of toxicology. Vol. I. Acute 
toxicities of solids, liquids and gases to 
laboratory animals, edited by W. 5. Spector, 
Prepared under the direction of the Com- 
mittee on the Handbook of Biological Data, 
Division of Biology and Agriculture, The 
National Academy of Sciences, The National 
Research Council. W. B, Saunders, 1956, 

Technique of organic chemistry, edited by 
Arnold Weissberger. Vol. IJ. Catalytic re- 
actions, photochemical reactions, and electro- 
lytic reactions, by V. I. Komarewsky et al 
2nd edn. Interscience Publishers, Inc. 1066 

Proceedings of the Academy of Sciences of 
the U.S.S.R. Section; Chemical Technology. 
(Translation of section of Doklady.) 1956, 
Vol. 106, No, 1. (New periodical.) Consul- 
tants Bureau, Inc. 

Proceedings of the Academy of Sciences of 
the U.S.S.R. Section: Chemistry. (Transla 
tion of section of Doklady.) 1956, Vol. 106, 
No. 1. (New periodical.) Consultants Bureau, 
Inc. 
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PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


SCIENTIFIC MEETINGS DURING FEBRUARY, 1957 
LONDON. 
Thursday, February \4th, 1957, at 7.30 p.m 


Pedler Lecture, The Course of Polar Reactions in Non-polar Conditions, by Pro- 
fessor C. K. Ingold, D.Se., F.R.1.C., F.R.S. To be given in the Lecture Theatre, 
The Royal Institution, Albemarle Street, W.1. 


Thursday, February 28th, at 7.30 p.m. 


Lecture, Application of Acidity Functions to the Mechanism of Acid Catalyzed Re- 
actions, by Professor F. A. Long. To be given in the Rooms of the Society, 
Burlington House, W.1. 


ABERDEEN. 


Thursday, February 2\st, 1957, at 7.30 p.m. 


Lecture, The Use of Photography in Scientific Investigations, by Dr. J. F. Padday, 
B.Sec., D.L.C. Joint Meeting with the Royal Institute of Chemistry and the 
Society of Chemical Industry, to be held at Marischal College. 


BIRMINGHAM. 
‘Friday, February 8th, 1957, at 4.30 p.m 


Lecture, Some Current Problems in Phase Transitions, by Professor A. R. Ubbelohde, 
M.A., D.Sc., F.R.S. Joint Meeting with Birmingham University Chemical 
Society to be held in the Chemistry Department, The University. 


BRISTOL. 


Thursday, February 7th, 1957, at 5.15 p.m 
Lecture, From Wallpaper to Crystals, by Mr. F. Coles Phillips, M.A. Joint Meeting 
with the Student Chemical Society to be held in the Chemistry Department, 
The University. 


Thursday, February 14th, at 7 p.m. 
Lecture, Free-radical Chemistry—-A Survey, by Professor D. H. Hey, D.Sc., Ph.D., 
F.R.LC., F.R.S. Joint Meeting with the Royal Institute of Chemistry and the 
Society of Chemical Industry, to be held in the Chemistry Department, The 
University. 


Thursday, February 2\st, at 5.15 p.m. 


Lecture, The Chemistry of Actinomycin, by Professor A. W. Johnson, Ph.D., 
A.R.C.S. Joint Meeting with the Student Chemical Society to be held in the 
Chemistry Department, The University. 


Thursday, February 28th, at 5.15 p.m. 


Lecture, Living Molecules, by Professor J. D. Bernal, M.A., F.R.S. Joint Meeting 
with the Student Chemical Society to be held in the Chemistry Department, 
The University. 


CAMBRIDGE, 


lriday, February \st, 1957, at 8.30 p.m. 
Lecture, The Control of Chemical Reactions in Living Cells, by Professor H. A. Krebs, 
M.A., M.D., F.R.S. Joint Meeting with the University Chemical Society to 
be held in the University Chemical Laboratory, Pembroke Street. 


Monday, February \\th, at 8.30 p.m. 


Lecture, Reactions Kinetics in Acidic Media, by Dr. V. Gold, B.Sc. To be given 
in the University Chemical Laboratory, Lensfield Road. 


l'riday, February Voth, at 8.30 p.m. 


Lecture, Some Recent Developments in the Chemistry of Metallic Surfaces, by 
Professor K. W. Sykes, B.Sc., M.A., D.Phil. Joint Meeting with the University 
Chemical Society to be held in the University Chemical Laboratory, Pem- 
broke Street. 


lriday, February 22nd, at 8.30 p.m. 


Lecture, Some Recent Studies in Relation to Biosynthesis, by Professor A. J. Birch, 
D.Se., D.Phil. Joint Meeting with the University Chemical Society to be held 
in the University Chemical Laboratory, Pembroke Street. 


EDINBURGH. 
luesday, February 5th, 1957, at 7.30 p.m, 


Lecture, Nucleotide Structure and Function, by Professor J. Baddiley, D.Sc., Ph.D. 
Joint Meeting with the Royal Institute of Chemistry, Society of Chemical 
Industry, and Edinburgh University Chemical Society, to be held in the Bio- 
chemistry Lecture Theatre, Teviot Place. 


Thursday, February 14th, at 7.30 p.m. 


Lecture, Lead Tetraethyl as an Engine Anti-knock, by Professor A. D. Walsh, 
M.A., Ph.D, Joint Meeting with the Royal Institute of Chemistry and the 
Society of Chemical Industry, to be held in the Pharmaceutical Society Rooms, 
York Place. 


EXETER 
Friday, February 8th, 1957, at 5 p.m. 


Lecture, Some Developments in Inorganic Stereochemistry, by Professor R. S. 
Nyholm, D.Se., Ph.D., F.R.LC. To be given at the Washington Singer 
Laboratories, Prince of Wales Road. 


Gi ASGUW. 
Friday, February 5th, 1957, at 7 p.m. 


Annual General Meeting of Local Fellows followed at 7.15 p.m, by a Meeting for 
the Reading of Original Papers. To be held in Room 24, Royal College of 
Science and Technology. 


HULL. 


Thursday, February 2\st, 1957, at 6 p.m. 


Lecture, Polyesters and their Uses, by Dr. H. Gudgeon, B.Se., A.R.LC. To be 
given in the Organic Lecture Theatre, The University. 


IRISH REPUBLIC. 
Wednesday, February 6th, 1957, at 7.45 p.m. 
Lecture, Co-eatalysis in Friedel-Crafts Reactions, by Dr. D. C. Pepper, M.A., F.L.C.L, 


M.R.I.A. To be given in the Chemistry Department, University College, 
Dublin, 


LEEDS. 


Thursday, February 7th, 1957, at 7 p.m. 


Lecture, Chocolates and Confectionery, by Dr. F. H. Banfield, M.Sc., F.R.LC. 
Joint Meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry, to be held in the Chemistry Lecture Theatre, The University. 


Monday, February \\th, at 7 p.m. 


Society of Chemical Indust Lecture, Organophosphorus Insecticides, by Dr. B. A. 
Kilby, M.A., Ph.D., F.R.LC. To be given in the Chemistry Lecture Theatre, 
The University. (All Fellows are invited.) 
Monday, February 18th, at 6.30 p.m, 


Royal Institute of Chemistry Lecture, Silleones and their Industrial Applications, 
by Mr. R. Nattrass, B.Sc. To be given in the Chemistry Lecture Theatre, 
The University. (All Fellows are invited.) 
Monday, February 25th, at 6.36 p.m. 


Lecture, Steric Hindrance and Analytical Chemistry, by Dr. H. M. N. H. Irving, 
M.A., F.R.LC. Joint Meeting with Leeds University Union Chemical Society 
to be held in the Chemistry Lecture Theatre, The University. 


LIVERPOOL, 
Thursday, February \4th, 1957, at 5 p.m. 


Lecture, Metal Derivatives of cycloPentadiene, by lrofessor G. Wilkinson, Ph.D., 
A.R.C.S. Joint Meeting with the University Chemical Society to be held in the 
Chemistry Lecture Theatre, The University. 


Wednesday, February 27th, at 5 p.m. 


Official Meeting and Pedler Lecture, The Course of Polar Reactions in Non-polar 
Conditions, by Professor C. K. Ingold, D.Sc., F.R.LC., F.R.S. To be held 
in the Chemistry Lecture Theatre, The University. 


MANCHESTER. 


Friday, February \5th, 1957, at 6.30 p.m. 


Lecture, The Biosynthesis of Cholesterol, by Dr. J. W. Cornforih, M.Sc., F.R.S. 
To be given in the Chemistry Lecture Theatre, The University, 


NEWCASTLE AND DURHAM. 


Monday, February 4th, \957, at 515 p.m, 

Lecture, Electron Difiraction by Gases and its Chemical Application, by Dr. L. E. 
Sutton, F.R.S. Joint Meeting with the Durham Colleges Chemical Society 
to be held in Lecture Room 239, University Science Laboratories, South Road, 
Durham, 


Monday, February 18th, at 5.15 p.m. 
Lecture, The Study of Fast Reactions, by Mr. R. P. Bell, F.R.S. Joint Meeting 
with the Durham Colleges Chemical Society to be held in Lecture Room 239, 
University Science Laboratories, South Road, Durham. 


Friday, February 22nd, ai 5.30 p.m. 


Official Meeting and Lecture, The Biological Synthesis of Oligosaccharides, by 
Professor M. Stacey, Ph.D., F.R.LC., F.R.S. To be held in the Chemistry 
Building, King’s College, Newcastle upon Tyne. 


NORTHERN IRELAND. 
Thursday, February 2\st, 1957, at 7.15 p.m. 


Lecture, The Study of very Rapid Reactions by the Methods of Flash Photolysis, 
by Professor R. G. W. Norrish, Se.D., F.R.LC., F.R.S. Joint Meeting with the 
Royal Institute of Chemistry and the Society of Chemical Industry, to be held 
at the Queen's University, Belfast. 


NORTH WALES. 


Thursday, February 21st, 1957, at 5.45 p.m. 


Lecture, Some Aspects of the Structural Chemistry of Proteins and Nucleic Acids, 
by Professor H. D. Springall, M.A., D.Phil., F.R.I.C, Joint Meeting with the 
University College of North Wales Chemical Society to be held in the Depart- 
ment of Chemistry, University College of North Wales, Bangor. 


NOTTINGHAM AND LEICESTER. 
Monday, February 18th, 1957, at 4.30 p.m. 


Lecture, Metal Atoms as Aromatic Systems, by Dr. J. Chatt, M.A., F.R.LC. Joint 
Meeting with the Chemical Society of the University College of Leicester to be 
held at University College, Leicester. 


Tuesday, February 19th, at 4.45 p.m, 


Lecture, Organometallic Co-ordination Compounds, by Professor G. E. Coates, D.Sc. 
Joint Meeting with Nottingham University Chemical Society to be held in the 
Chemistry Department, The University, Nottingham. 


OX FORD. 


Monday, February 4th, 1957, at 8.15 p.m. 


Lecture, Chemical and Physical Properties of Metal-Ammonia Solutions, by Pro- 
fessor A. J. Birch, D.Se., D.Phil. Joint Meeting with Oxford University 
Alembic Club to be held in the Physical Chemistry Laboratory. 


Monday, February 25th, at 8.15 p.m. 


Lecture, Polonium, by Professor W. Fernelius. Joint Meeting with Oxford Uni- 
versity Alembic Club and the Royal Institute of Chemistry, to be held in the 
Physical Chemistry Laboratory. 


ST. ANDREWS AND DUNDEE, 
Tuesday, February 5th, 1957, at 5 p.m. 


Lecture, Some Recent Developments in the Chemistry of Metallic Surfaces, by 
Professor K. W. Sykes, M.A., D.Phil. To be given in the Chemistry Depart- 
ment, Queen's College, Dundee. 


Friday, February 8th, at 5.15 p.m. 


Lecture, Liquid-phase Oxidation of Hydrocarbons, by Dr. G. Twigg. Joint 
Meeting with the University Chemical Society to be held in the Chemistry 
Department, St. Salvator’s College, St. Andrews. 


I'riday, February \ith, at 5.15 p.m. 


Lecture, Reduction by Metal-Ammonia Systems, by Professor A. J. Birch, D.Sc., 
D.Phil. Joint Meeting with Royal Institute of Chemistry and the University 
Chemical Society, to be held in the Chemistry Department, St. Salvator’s 
College, St. Andrews. 


Monday, February \8th, at 5 p.m. 
Lecture, The Photochemical Primary Process, by Professor W. A. Noyes. Te be 


given in the Chemistry Department, Queen's College, Dundee. 


SHEFFIELD. 


Thursday, February 14th, 1957, at 7.30 p.m. 


Lecture, Adsorption Hysteresis, by Professor D. H. Everett, M.B.E., M.A., D.Phil, 
Joint Meeting with the University Chemical Society and the Royal Institute 
of Chemistry to be held in the Chemistry Lecture Theatre, The University. 


lhursday, February 28th, at 7.30 p.m. 


Lecture, Reduction by Metal-Ammonia Solutions, by Professor A. J. Birch, D.Sc., 
D.Phil. Joint Meeting with the University Chemical Society and the Royal 
Institute of Chemistry, to be held in the Chemistry Lecture Theatre, The 
University. 


SOUTHAMPTON. 
Friday, February \st, 1957, at 5 p.m. 


Lecture, Nuelear Magnetic Resonance Techniques, by Dr. R. Richards, M.A. Joint 
Meeting with the University Chemical Society and the Royal Institute of 
Chemistry, to be held in the Chemistry Department, The University. 


SOUTH WALES. 
Monday, February \8th, 1957, at 5.30 p.m, 


Lecture, Reeent Advances in Acetylene Chemistry, by Professor R. A. Raphael, 
D.Sc., F.R.LC. To be given in the Chemistry Department, University College, 
Cardiff, 


Tuesday, February 19th, at 6 p.m. 


Lecture, Reeent Advances in Acetylene Chemistry, by Professor K. A, Raphael, 
- D.Se., F.R.LC. Joint Meeting with the University College of Swansea Chemical 
Society to be held in the Chemistry Department, University College, Swansea. 


OFFICIAL ANNOUNCEMENTS 
DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 
Elected. Died. 
William Herbert Barraclough (Bristol, 7) Feb. 16th, 1888. Sept. 20th, 1956. 
William Charles ry A S.W.1) july 24th, 1950. Oct. 10th, 1956, 
David Paton Grubb (Barnsley) ec, 6th, 1906. Jane 30th, 1956. 


Siddons Siddons Wilson (Bristol) Feb, 20th, 1913. uly Ist, 1956. 


CONGRATULATIONS. 

The President has conveyed the congratulations of the Society to Sir Cyril Hinshelwood 
(Past-President) and to Professor Nikolai Semenov (Honorary Fellow) on the joint award 
of the Nobel Prize for Chemistry for 1956. 

Congratulations have also been conveyed to the following Fellows on the award of 
Medals announced by the Royal Society : 


Royal Medal. 
Dr. Dorothy M. Hodgkin, 


Davy Medal, 
Professor R. D. Haworth. 


Rumford Medal. 
Dr. F. P. Bowden. 


ACKNOWLEDGMENTS. 
Acknowledgment is made of a gift of the Society's publications from Dr. A. E. Stubbs. 


ELECTION OF NEW FELLOWS. 
The following 22 candidates were elected Fellows of the Society on November 15th, 

1956 

Anthony Derek John Balon. oseph Thomas Maddern. 

Enrique Batres, enneth Wintie Morcom. 

Eric Beanland, Taro Nishiwaki. 

Charles Edward Berkoff, Arthur Graham Robinson. 

Barry Tebbutt Brown, Dietmar Seyferth. 

Hugh Douglas Cossey,. Audrey Taylor Smith. 

David Brian Cowell. Douglas Swift. 

Joseph Brun Di Giorgio, — Welch Taylor. 

John Michael Groocock, Javid William Theobald. 

Raymond John Grout, Chelakara Sivarama Vaidyanathan. 

Charles Dennis Hall, Peter Frederick Wagner. 


VACANCIES ON COUNCIL. 


In accordance with the Bye-laws, the following vacant places on the Council fall due to 
be filled at the Annual General Meeting to be held in Cambridge on Thursday, 11th April, 
1957 

No. of Names of Members 
Office. Vacancies, who ave to retire. 
Honorary Secretary ONE Dr, L. E. Sutton 
Vice-Presidents who have not filled the Office of turer Professor E. R. H. Jones 
President Dr. R, P. Linstead 
Professor H, W. Melville 
Elected Ordinary Members of Council : 


Constituency I (South-East England) Two Dr. H. M. N. H. Irving 
Dr. W. Gerrard 
Constituency IT (Central and South-West England ONE Professor H, D. Springall 
and South Wales) 
Constituency ITI abe West England, North ONE Professor H. N. Rydon 
Wales, and Isle of Man 


Constituency 1V (North-East England) ONE Dr. C, C. Addison 
Constituency V (Scotland) ONE Professor {: M. Robertson 


Constituency VI (Ireland) ONE Dr. V. C. Barry 
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With the exception of Dr. W. Gerrard, who was appointed under Bye-law 42, the 
members who are to retire are not eligible for re-election to the same Office until a lapse of 
one year. 

No vacancy arises for the Office of President. 

In accordance with Bye-law 24, the Council has nominated Professor M. J. S. Dewar 
to fill the vacancy in the Office of Honorary Secretary. Nominations by Fellows for the 
Offices of Honorary Secretary and of Vice-Presidents who have not filled the Office of 
President should be made in writing and must be signed by at least twenty Fellows. 

Fellows resident in a constituency may nominate any Fellow resident in that constituency 
for election to the Council to fill a vacancy among Elected Ordinary Members of Council 
allotted to that constituency. Every such nomination must be in writing signed by at 
least fifteen Fellows resident in that constituency. 

Fellows may obtain forms of nominations from the General Secretary and should state 
the vacancy for which they are requested, Every nomination must relate to one vacant 
place only, and must be accompanied by a signed declaration by the nominee that he is 
willing to accept office, if elected. Nominations must be received by the Society not 
later than Thursday, February 14th, 1957. 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 


held in the Chemistry Department, University College, Gower Street, W.C.1, 
on Thursday, November ist, 1956, at 2.30 p.m. 


The President, Prorgssor E. L. Hirst, M.A., D.Sc., F.R.S., was in the Chair. 


MINUTES. 
The minutes of the Scientific Meetings held at Burlington House and at the College 


of Technology, Manchester, on October 18th and 19th, respectively, were read, and were 
confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society : Agnes McM. Anderson, Elizabeth 
J. Williamson, Beryl Rickard, A. C. Jain, M. J. Clancy, Joseph Tinsley, Peter F. Lloyd, 
James R. Turvey, G. L. Mattok, H. Weigel, R. Nery, B. D. Shepherd, Greville Machell, 
Desmond O'Meara, D. M, W. Anderson, C. A. Lewis, P. G. Ward, George C, Israel. 


SYMPOSIUM. 

The President called upon Dr. G. R. Barker to take the Chair for the afternoon session 
of the Symposium entitled “ Newer Interpretations of Reactions and Structure in Carbo- 
hydrate Chemistry.” 

The following contributions were made and discussed : 

1. ‘‘ Some Physical Methods used in the Determination of Carbohydrate Struc- 
tures,”’ by E. J. Bourne (Royal Holloway College, London). C 

2. “ Tosyl Esters and Three-membered Oxide Kings,” by J.C. P. Schwarz (University 
of Edinburgh). 

3. ‘‘ Conformational Aspects of the Formation and Reactions of Certain Cyclic 
Derivatives of Carbohydrates,” by A, B. Foster (University of Birmingham). 

The meeting then adjourned. 

In the evening the Chair was taken by Professor M, Stacey, Ph.D., D.Sc., F.R.S, 

The following papers were read and discussed : 

1. “ Hydrolysis of Glycosides,”” by W. G. Overend (Birkbeck College, London). 
2. “ Reactions of Halogeno-sugars,” by R. U. Lemieux (University of Ottawa), 
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At the close of the discussion, the Chairman expressed the thanks of the Society to the 
contributors to the Symposium and to the University College authorities for the use of the 
Lecture Theatre. 


Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, on Thursday, November 15th, 1956, at 7.30 p.m. 
The President, Prorgssor E. L. Himst, M.A., D.Sc., F.R.S., was in the Chair, 


MINUTES. 


The Minutes of the Scientific Meeting held at the University College, London, W.C.1, 
on Thursday, November Ist, 1956, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: L. C. Leitch, J. Cymerman- 
raw 


SCIENTIFIC COMMUNICATIONS. 

The President expressed his pleasure in presiding at a meeting of the Society to com- 
memorate the 70th Birthday of Sir Ian Heilbron, D.S.O., D.Sc., LL.D., F.R.S., Past- 
President. 

The following papers were presented : 


‘The Aporphine Series. Part II. Application of the Bischler-Napieralski 
Reaction to o-Nitrophenyl-N-phenethylacetamides.” By D. H. Hey and A. L. 
Palluel 

‘ Chemistry of tho Higher Fungi. Part VI. Isomerisation Reactions of Natur ally- 
occurring Allenes."” By J. D. Bu'Lock, E. R. H. Jones, P. R. Leeming, and J. M. 
Thompson. 

“The Structure of Vulcherrimin “ and “ Pulcherrimin---a Svethesis of 4 | 4+-De 
hydroxy-2 : 5-dioxopiperazines.”’ By A. H. Cook and C. A, Slater. 


At the conclusion Sir Ian Heilbron expressed his warm appreciation of the Society's 
action in holding this meeting. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for December, 1956. Such objections will 
be treated as confidential. The forms of application ave available in the Library.) 

4 


Allen, William. Hritish. Ferens Hall, Harland Way, Cottingham, E. Yorks. Student at Hull Uni- 
versity, Signed by: G, W. Gray, J. J. Kipling. 

Arnold, Derrick Freeborough. British. Ferens Hall, Harland Way, Cottingham, E. Yorks. Student 
at Hull University. Signed by: G. W. Gray, N. B. Chapman 

Badger, Alan George. British. Koom 45A, Ferens Hall, Harland Way, Cottingham, E. Yorks. Student 
at Hull University, Signed: G,. W. Gray, N. B. Chapman. 

Bateman, Alan William Thomas. British. 58A The Woodlands, London, S.E.13. Technical Assistant. 
Signed by: P. V. Smith, jun., R. W. Morton 

Bell, David William, British. 85A, Victoria Road, Leeds, 6. Student. Signed by: C. J, Willis, 
H.C. Clark 

Bowden, Keith. British. Verens Hall, Harland Way, Cottingham, E. Yorks. Student at Hull Uni- 
versity. Signed by: G, W. Gray, J. J. Kipling 

Britton, David John, British. C1, Old Court, Clare College, Cambridge. Student. Signed by: R.N. 
Haszeldine, C. B, Reese 
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Brookes, John Henry. British. 19, Queen Street, Pant, Dowlais, Glam. Student. Signed by: 
E. E. Ayling, G. H. R. Summers. 
Cairncross, Ian Macleod. British. 142, St. Stephen Street, Edinburgh. Student. Signed by: G. O. 
Aspinall, A. McM. Anderson. 
Cairns, John Francis. British. 27, Woodville Gardens, Ilford, Essex. Student. Signed by; K. W. 
Sykes, M. F. Ansell. 
Catlow, David Brian. British. 3, Winchester Road, Ilford, Essex. Student at Queen Mary College. 
Signed by: K. W. Sykes, W. J. Hickinbottom. 
Robert Alexander, B.Sc. (Manc.), Ph.D. (Edin.). British. 9, Balgownie Road, Bridge of 
Don, Aberdeenshire, University Lecturer, Signed by; R. Belcher, J]. E. Fildes 
Chetwyn, Alan, B.Sc. (Wales), A.R.I.C. British. 44, Kimberley Road, Pen-y-Lan, Cardiff, Glam. 
Research Student. Signed by: J. W. Bayles, A. R. Pinder 
Cliffe, Eric Edward, B.A. (Cantab.). British. Nuffield Laboratory of Ophthalmology, Walton Street, 
Oxford. Research Student. Signed by: S. G. Waley, F. M. Brewer 
Cornford, Pauline Valerie. British. Thwaite Hall, Thwaite Street, Cottingham, E. Yorks, Student 
at Hull University, Signed by: G. W. Gray, J. J. Kipling. 
Coombs, Robert Victor. British. 6, Cheapside, Brighton, Sussex. Student at Queen Mary College. 
Signed by: KK. W. Sykes, W. J. Hickinbottom. 
Cowen, Raymond Arthur, B.Sc. (Liv.). British. 22, Hawthorne Grove, Great Carleton, Poulton-le- 
Fylde, Blackpool, Lancs. Research Student. Signed by: C. C. Barker, G. W. Gray. 
Deb, Satyendra Kumar, M.Sc. (Dacca). Pakistani. Gonville and Caius College, Cambridge, Research 
Student. Signed by: A. D. Yoffe, F. P. Bowden 
Eastaugh, Derek John. British. 38, Church Street, Hatfield, Herts. Student. Signed by: T. J. 
Barnes, T. E. Rogers. 
Frost, John Stuart. British. 25, Woodside View, Greetland, Nr. Halifax, Yorks. Student at Queen's 
College, Oxford. Signed by: R. E. Richards, J. W. Linnett 
Gibson, Michael David. Student. British. 8, Hartham Road, Isleworth, Middlesex. Student at 
Queen Mary College. Signed by: W. J. Hickinbottom, K. W. Sykes. 
Gray, Frank Alexander. Australian. 9, Donnelly Road, Naremburn, New South Wales, Australia. 
Research Student. Signed by: I. G, Ross, T. Iredale 
Hallas, Geoffrey, B.Sc. (Hull). British. 53, Tom Lane, Crosland Moor, Huddersfield, Yorks. Research 
Student. Signed by: G. W. Gray, K. Clarke. 
Hatch, Frank. Jritish. Hil!mount, Hiraddug Road, Dyserth, Rhyl, Flintshire. Student. Signed 
by: E. E. Ayling, G. H. R. Summers 
Hobday, Elizabeth Ann. British. 17, Fitzroy Road, Swindon, Wilts. Student. Signed by: R. E. 
Richards, H. Irving. 
Hunt, John Anthony, B.A. (Cantab.). British. 26, Tenison Avenue, Cambridge. Research Assistant 
at Medical Research Council Unit, Cambridge. Signed by: V.M. Ingram, J. E. Downes, 
Ibbotson, Arthur, 8.5 (Lond.). British. 29, Pendril! Street, Beverley Road, Hull, E. Yorks. Student 
at Huil University. Signed by: G, W. Gray, K. Clarke 
Irvine, Dennis Horace, B.Sc. (Leeds), Ph.D. (Cantab.). British. Department of Chemistry, University 
College, Ibadan, Nigeria. Lecturer. Signed by: C. W. L. Bevan, J. Hirst. 
Jackson, Richard Anthony, B.A. (Oxon.). British. 18, Linden Drive, Evington, Leicester. Research 
Student at Balliol College. Signed by: R. E. Richards, R. P. Bell 
Jamooa, Jalal Jamil Mansoor. Iraqi. 23, Sketty Road, Uplands, Swansea. Student. Signed by 
D. A. Long, R. H. Davies. 
Jones, Richard Alan. British. 6, Westfield Road, Bedford, Beds. Student. Signed by: RK. E. 
Richards, A. R. Katritzky. 
Keen, Ian Montgomery. British. Kiln Farm, Marden, Tonbridge, Kent. Student at Queen Mary 
College. Signed by: K, W. Sykes, T. RK. Layzell 
Lawlor, John Michael. British. Flat 11, Tooting Police Station, Mitcham Road, London, S.W.17. 
Undergraduate at the Royal College of Science. Signed by: J. A. Elvidge, ?. F. Todd. 
Lemon, David. British. 136, Princes Avenue, London, W.3. Flavour Chemist. Signed by: W. H 
Shilling, E. S. Maurer. 
Lewis, David, 1.Sc. (Hull). British. 111, Fairfax Avenue, Hull, E. Yorks, Research Student, 
Signed by: C, C. Barker, G. W. Gray. 
Lown, James William, B.Sc. (Lond.), A.R.C.S. British. 3, The Links, Seaton Sluice, Whitley Bay, 
Northumberland. Post-graduate Student at Imperial College. Signed by: L. M. Jackman 
J. A. Elvidge. 
Thomas. British. 2, Thornacre Crescent, Wrose, Shipley, Yorks. Chemical Manufacturer 
Signed by: N. Logan, E. Markham, 
Whinnie, William Robin. British. 32, Sutheriand Avenue, Welling, Kent. Student, Signed by: 


K. W. Sykes, E. A. Lucken. 
McWilliam, Ian Robert. British. Tormore, Thornhill Avenue, Elderslie, Kenfrewshire. Student 
Signed by: C. T. Lronside, R. H. B. Galt. 
Frank John. British. Ferens Hall, Harland Way, Cottingham, E. Yorks. Student at Hull 
University. Signed by: G. W. Gray, J. J. Kipling. ~ 
Mather, Joseph Glendinning, B.Sc. (Lond.), British. 19, Pearson Avenue, Hull, E. Yorks. Research 
Student. Signed by: J. Shorter, G. W. Gray 
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Mitchell, David Lawrence, 8.Sc. (Kingston, Canada), Canadian. Department of Chemistry, Gordon 
Hall, Queen's University, Kingston, Ontario, Canada. Graduate Student. Signed by: N. K. 
Painter 


Matheson, T. J. ‘ 

Moffatt, John Gilbert, B.A., M.Sc., and Ph.D. (British Columbia), Canadian. British Columbia Re- 
search Council, University of British Columbia, Vancouver 8, British Columbia, Canada. Research 
Chemist. Signed by: H.G, Khorana, G. M. Tener. 

Morantz, Daniel Joseph, M.Sc. (McGill), Ph.D. (Manc.). Canadian, 227, Barnsley Road, Sheffield, 4. 
Honorary Lecturer at Sheffield University. Signed by: G. Porter, H. J. V. Tyrrell. 

Muhammad, Sultan, M.Sc. (Panjab). Pakistani. Organic Chemistry Department, The University, 
Manchester, 13, Student. Signed by: G. D, Meakins, R. N. Speake. 

Newham, John, B.Sc. (Hull). British. 92, Edgecumbe Street, Newland Avenue, Hull. Research 
Student. Signed by: G. C. Bond, G. W. Gray. 

Peapell, Margaret. ritish. Thwaite Hall, Thwaite Street, Cottingham, E. Yorks. Student at Hull 
University, Signed by: G. W. Gray, J. J. Kipling. 

Perry, Reginald Gilbert. ritish. 249, Southcroft Road, Streatham, London, S.W.16. Student at 
Imperial College. Signed by: J. A. Elvidge, R. M. Barrer. 

Posner, Ruth, 1.Sc. (Lond.). British. 21, Norman Avenue, Tunstall, Stoke on Trent. Research 
Student at Queen Mary College. Signed by: M. J. S. Dewar, C. M, French. 

Rae, Anthony Charles, 3.'5c.Tech. (Manc.). British. 5, Cliff Grove, Heaton Moor, Stockport, Cheshire. 
Research Student at Manchester University. Signed by: H. N. Rydon, T. K, Walker. 

Roderick, Howell Rhys. British. Gwydderig, North Road, Whitland, Carmarthenshire. Student. 
Signed by: E. BE, Ayling, G. H. R, Summers, 

Rogers, Henry Joseph, B.Sc. (Sheffield). 71, Huntingtower Road, Ecclesall, Sheffield, 11. Student. 
Signed by: RK. D. Haworth, D, T, Elmore. 

Schimelptenig, Clarence William, jun., M.S. (North Texas State Coll.). American. 211, Noyes Labora- 
tory, University of Illinois, Urbana, Illinois, U.S.A. Graduate Student. Signed by: D. Y. Curtin, 
N. J. Leonard, 

Shimoyama, Kichiro, M.Chem. (Tokyo). Japanese. c/o Meguro Laboratory, Mitsui Chemical Industry 
Co, Ltd., 1-839, Nakameguro, Meguro-ku, Tokyo, Japan. Manager of Meguro Laboratory. Signed 
by: T. Ohta, H, Okeda. 

Sperry, John Arthur. British. Station House, Asfordby Hi'l, Melton Mowbray, Leics, Student at 
Imperial College. Signed by: J. A. Elvidge, R. M. Barre:, 

Stamp, Anthony, .S5c. (Hull). British. 256, Ventnor Street, Hull, Yorks. Student. Signed by: 
C. C. Barker, G, W. Gray. 

Stewart, Michael Simon. British, 27, Ashcombe Gardens, Edgware, Middlesex. Student. Signed 
by: N. Lewin, J. Hudec. 

Taft, Robert W., jun., M.S. (Kansas), Ph.D, (Ohio). American. Department of Chemistry, Pennsyl- 
vania State University, University Park, Penna., U.S.A. Professor of Chemistry. Signed by: 
A. P. Wolf, D. Rt. Christman. 

Troman, John Neville. British. 14, Moorland Avenue, Lincoln. Student at Nottingham University. 
Signed by: T. J. King, D. Shooter. 

Utley, James Henry Paul, Jritish. 119, Castle Hill, Reading, Berks. Student at Hull University. 
Signed by: G, W, Gray, K. Clarke. 

Walmsley, Robert Seddon, B.A. (Oxon.). British. Ingledene, Junction Road, Deane, Bolton, Lancs. 
Research Student at Oxford University. Signed by: K. E. Richards, J. H. Barltrop. 

Walters, Stephen Terrey. British. Hotel Bon Port, St. Martin, Geernsey, Channel Islands, Student 
at Oxford University, Signed by; R. E. Richards, L. A, K. Staveley. 

Waterfield, William Richard, ritish. Broughton Villa, Broughton, Nr. Kettering, Northants. Under- 
graduate at Imperial College, Signed by: J. A. Elvidge, L. M. Jackman. 

Waterman, Hanneke, .S5c. (Sydney). British. c/o School of Applied Chemistry, New South Wales 
University of Technology, Ultimo, New South Wales, Australia. Kesearch Student. Signed by: 
Kk. L. Martin, I, K. Gregor. 

Watson, Peter Frederick, 15.5c. (Nott.), British. Leamington College for Boys, Binswood Avenue, 
Leamington Spa. School Teacher, Signed by: T. J. King, G. Read 

Whiteman, John Leonard, B.Sc. (Lond.). British. 24, The Drive, Tonbridge, Kent. Kesearch 
Chemist. Signed by: D. A. Ginger, J. Wilby. 

Wilson, Thomas Michael Binns, B.Sc. (Manc.). British. 10, Farndale Crescent, Middlesbrougb. 
Research Student at Manchester University. Signed by: G, D. Meakins, K. N. Speake. 

Wood, Alexander. Student. British. 3, Milton Street, Carluke, Lanarkshire. Student at Glasgow. 
University. Signed by: C. T. Lewin, J. A. Mair. 

Worrall, Brian Michael, B.Sc. (Hull). British. 101, Woodville Road, Boston, Lines. Research 
Student. Sipned by: C, C, Barker, G. W. Gray. 


UNDER SPECIAL PROVISION APPERTAINING TO FELLOWS RESIDENT ABROAD. 


Shipley, Warwick Grenville Michael, B.Sc. (Sheffield), British. Schafweide, 73, (17a) Mannheim, 
Germany. Research Chemist. Signed by; H. J. V. Tyrrell. 
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PAPERS ACCEPTED 


(List of Papers accepted between October 19th and November 15th, 1956, 
for publication in the Journal.) 


“ Electrophilic substitution. Part IX: The anomalous nitrations of quinoline,” 
By M. J.S. Dewar and P.M, Maitiis. . 
“ Stability of the glycosidic linkages in carbohydrates.” By WINIFRED G, WRIGHT. 
‘ The preparation of fused triazole systems.’’ By J. D, Bower and F, P. Dove. 
‘The photodecomposition of carbon dioxide and of ammonia by xenon 1470 A radia- 
tion."’ By H. Jucker and (Sir) Eric K, Rivet. 

“ The oxidation of monoethenoid fatty acids and esters. Catalytic oxidation of ketol 
derivatives of oleic acid.”” By T. L. PArKiNnsoN and J. H. SKELLON. 

“ Spectrophotome'.ic ?»termination of the dissociation constant of hydrogen peroxide.”’ 
By S. S. MUHAMMED and 1, NAVANEETH RAo, 

‘The products of the interaction of hydrogen selenide and ketones,” By D., S. 
MARGOLIs and R, W, PITTMAN, 

The action of bromine-sulphuric acid mixtures on methyl «-p-glucopyranoside.”’ 
By A. B. Foster and S. V. VARDHEIM. 

‘ The antisymmetric stretching band of carbodi-imides.’’ By G, D. Meaktns and R. J. 
Moss. 

‘ The chemistry of nitrosyl complexes. Part III. Evidence for compound formation 
in liquid nitrosyl chloride from tracer studies,’’ By J. Lewis and D, B, Sowerby. 

“Infrared spectra and polar effects. Part V. Carbonyl-carbonyl interactions,” 
By L. J. Bet_amy and R. L. WILLIAMs, 

‘‘ Infrared spectra and polar effects. Part VI. Internal and external spectral relation- 
Ships."’ By L. J. Bettamy and R. L. WILLiAMs. 

“ The reaction of anthracene with benzyl radicals.’’ By A. L. J. Beckwrru and 
WILLIAM A, WATERS, 

“ Quantitative aspects of the base-catalysed halogenation of aliphatic ketones, Part 
II. lodination of non-methyl keiones,"" By C, F. Cutts and M. H, Hasw1, 

‘‘Chalcones and related compounds, Part I. Preparation of nitro-, amino-, and 
halogeno-chalcones.’’ By W, Davey and J. R. Gwitt. 

‘Chalcones and related compounds, Part II. Addition of thiols and esters to the 
chalcone system.’’ By W. Davey and J. K, Gwitr. 

‘‘ Chalcones and related compounds, Part III, Addition of benzene anaiogues to the 
chalcone system.”’ By W. Davey and J. R. Gwitt. 

Alkyl migration in some organophosphorus amidates.’’ By J. 1, G. CADOGAN, 

‘‘ 2-Mercaptoglyoxalines. Part XI. The preparation of mixed 1 ; 5-disubstituted 
2-mercaptoglyoxalines and the corresponding  thiazolo(3’ : 2’-1 : 2)glyoxalines,”’ By 
ALEXANDER Lawson and H, V, Morey, 

‘ Toxic constituents of the Awstraliqn finger cherry, Rhodomyrtus macrocarpa Benth.”’ 
By S. TRIPPETT. 

‘The detection, by means of anthracene, of free radicals formed in 
reactions of Grignard reagents.”” By R. O. C. NorMAN and W. A, WATERS. 

“ Addition of methyl radicals to substituted benzenes."’ By W. J. Hetman, A. 
REMBAUM, and M. Szwarc. 

‘ Organosilicon compounds. Part XIX. Medium effects in the reaction between 
trimethy!silylmethylbenzoate ions and hydroxide ion."’ By C. EAporn and S. H, PARKER. 

“Structure of compounds of ferrocyanide type. Part Il. Crystal structure of 
§-tetramethyl ferrocyanide,"’ By R, Hutme and H. M. Powe. 

‘A search for new trypanocides, Part 1V, Some derivatives of 4-amino-6-amino- 
methylquinaldine and 1 : 2-di-(4-aminoquinald-6-yl)ethylene.”” By J. N. AsHtey and 
M. Davis, 

“ The dipole moment of the helium hydride molecule-ion, HeH*®*.” By B. F. Gray 


and H. O, Prircnarp, 
“ The nature and stability of the complex ions formed by ter-, quadri-. and sexa-valent 


‘abnormal ”’ 
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plutonium ions with ethylenediaminetetra-acetic acid. Part I. pH Titrations and 
ion-exchange studies,”’ By J. K. Foreman and T, D. Suiru. 

The nature and stability of the complex ions formed by ter-, quadri-, and sexa-valent 
plutonium ions with ethylenediaminetetra-acetic acid. Part Il. Spectrophotometric 
studies.” By J, K. Foreman and T. D. Smirn. 

“ The paper chromatography of cyclitols.’’ By S. J. ANuyat, D. J. McHucu, and 
P, T, GILHAM, 

“ Absorption spectra of some sulphoxides in the near ultraviolet region.”’ By G. 
Leanpri, A. MANGINI, and R, PASsseRINt. 

‘ Electron donor and acceptor complexes with aromatic systems, Part V. Polaris- 
ation bonding in solid complexes formed by some heterocyclic aromatic molecules.’ By 
W. SLoucn and A, R, UsBELonpe,. 

“ Studies in pyrolysis, Part VIII, Competitive routes in the pyrolysis of esters : 
alkylene and alkylidene dibenzoates and some related substances.”’ By R. J. P. ALLAN, 
E. Jones, and P, D, Rirentie. 

“A conductimetric study of acid-base interactions in non-aqueous media,"’ By 
P. J. R. Bryant and A. W. H. Warprop. 

“ Colour and constitution, Part I, The effect of methyl substitution on the ultra- 
violet spectra of alternant hydrocarbons.”” By Davin PETers. 

‘ Syntheses from phthalimido-acids, Part VII, Oxazolones and other intermediates 
in the synthesis of phthalylpeptides, and an investigation of maleic acid derivatives of 
amino-acids,”” By F, E, Kine, J. W. CLark-Lewis, Roy Wape, and (in part) W. A. 
SWINDIN, 

‘ Syntheses from phthalimido-acids, Part VIII. Synthesis of glutathione by a new 
route to cysteinyl-peptides."" By F. E. Kins, J. W. CLark-Lewis, and Roy WADE. 

“Syntheses from phthalimido-acids, Part IX, Model compounds for a synthesis 
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